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\ . Two hundred and fifty five pﬁtlents (Group I) were
considered as sufferlng from paroxysmal p051t10na1 vertlgo

because: (al they gave a typlcal hlstory‘or, (b) ,an attack

\

was elicited by Hallplke § maneuver, as modlfled by Stenger,

{

—— ey -

during the clinical examination. Most'patients developed
Y " Type I nystagmus@duf&ng the attack in cemtrast td\\be incidence

reported by other authors (Stahle et al, 1965) ThlS difference
s 9
is discussed. No pathognomenic electronxstagmographic (ENG) .
!
findings were obtained except when the actual attack was recorded

in a small number of cages. In most patients no apparent cause

2

of their syndrome and no other vestibular abnorma%itieé~as

L} (4

- manifested by post-caloric labyrinthine preponderahce were'detected.

! .

These patients were classified as -idiopathic and their age .

distribution raises the '‘possibility that the syndrome may. be part

\ of the ageing proéess in this group.. In four cases the Syndrome

-

coexisted with intracranial tumors. Cause-effect relatioﬂship

i

is doubtful in all of them. Subsequently, in 11 patien
(Group‘II) the nystagmus during the attack was observed nd

o . i / N ! s

‘ recorded by ENG in different gaze directions. Discrepancies

~

between observed and recorded nystagmus are discussed. . Further

reseaugg/is necessary to clarify ‘a number of questions which

p

arise from thig study.

N .
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., On a constatd _que 255 patients (Cro&pe 1) avaient
éprouvé de vertige de position paroxystique caf; (a) l'anamnése

° I3 . M ‘ ~
était typique . ou. (b) pendant l'examen cllinigue, une attaqgue

. Btait provoguée par la manoceuvre de Hallpike, selon la:modifiéation

-

de Stenger. La plupart des patients ont manifesté le nystagmus
de Type Ipendant 1l'attaque, ce qui ne correspond pas avec les cas
! . :

que, d'autres auteurs ont rapportées (Stahle et al, 1965). Les

v L
. raisons de cette différence sont discutées.

VA 4

mographie (ENG). n'a pas donné& des résultats pathognomoniques qu'a "
R : . .

L'électronystég—
{

r

- v
l'exceptiop de quelques cas, ofl une attaque actuelle é&tait

x
'

enreéistrée. Chez la plupart des patients, on n'a pas trouvé

d'autres troubles vestibulaires, manifest&s- par une préponderance

- ¢

labyrinthigque post—calorique,qainsi que la cause de leur syndrome.

| . . . ]
Ces. patients &taient d&signés comme idiopathiques et leur .

+

distribution d'&ge rend possible le fait que le syndiome de ce

groupe est un trait de’ 1'dge avancé.

N . .
~

Quatre patients avaient en

méme temps des tumeurs intracré@niens. C'est bien possible 1

qutii’ nﬂy avait pas de relation entre les deux conditions.  Dans

{

‘la suite, chez 11 patients kGroupe II), on a observé et,

l

anegistréppar ENG le nystagmus penﬁént l'attaque dans de

directions de régard différentes. Les divergénceslentre le

+

nystagmus.observé et enregistré sont discutées. Des recherches

7

supplémentaires sont nécessaires pour répondre d un nombre-des
» > PR

questions posées par cette ‘étude. K
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( - ‘ CHAPTER ONE .
4 . .
A} ' -
INTRODUCTION N , :
~ 4 ' )‘ .L
. . . Sin e initiation of a $pecial Clinic for .. “

-7 p

positional vertigo is a frequent s%pdrome. his is a clinical

syndrome characterized by recurring attacks of vertigo of acute

rd

onset ’and- short duratiom, prd¥oked by special head positions.
These p}ovocative head positions occur when the patient bends -

H * » ’
over, when he turns his head up or more frequently, when he lies

. in bed or when he turns from side tqﬁ§ide in bed, or when he tries
P~

té get.up from bed. Although the attack does not last for more

fl

H

than a few seconds, it is frequently violent and for ﬁost f the

patients it i7 a frightening exﬁe;jence.

]
o

The attacks can be provoKed over periods of time
- D ~
followed by remissions which\occaﬁionally may last even for

years. .On examination an attack may be elicited by a sequence

A v

of body positions which has been described by a number of authors®

4 A3

.. (see Clinical Examination). .
§ . )
\ - !
e, 1 T«

T . . . .
N Barany (192}) was probablz the first to desgrlbe this -~

LY

-
¥

peculiar syndrome when he wrote ™Until now it was not possible

A

. to diagnose a lesion of the otoljth. I was recently able to

e

R 9 - N
make this diagnosis..... This was a twenty seven year old woman

X . ‘
ith headaches for one year. Hearing, caloric responses and

‘
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L « heurologic evaluation were normal. For the last fourteen days

% -~

. she had suffered from spells of- vertigo. My assistant, Dr.

-

Karlefors, noticed that these spells occurred only when the

-

patient lay on her right side. $ She also showed a strong

' . { '
| \ rotatory mygstagmus to the right with.a vertical component

i ’
4

&

t

[

]

i

beating upwards. This nystagmus ‘became purely rotatory on
. gaze to the right and purely vertical on gaze to the left.

ba A
2 1)

. The qttaék&iasted for about half a minute and was accémpaniedf

by‘gtr ng vertigo and nausea. If immediately after the attack

« !
. the patient turned her head to the right there was no new spell. ‘

. To Nave another attack tﬁ%.patient had to lie on her back or

o2
)
Lo
—

ide for a while. These observations are not new.
. Oppenheim, Burns and I have observed similar vertigo and
"' nystagmus attacks for many years". ’ g

v ‘ v ! . N 5
. It was not until 1952 wheh Dix and Hallpike described’ !

-

s, More cases of paroxysmal positional vertigo and called this Ak

'
\ ° & 1
\ . \ ‘ ‘

A Since thén many different terms have been udéd to .

!

condition "Positional Nys%agmus of the Benign Paroxysmal Type".

| jdefine the syndrome ingiuding: postural vertigan(De Weese, 1952); .
' lparoxysmal postural vertigq.(Lindsay, 1967); benign positional

vertigo (Harrison, 1966); paroxysmal positional nystagmus (Stahle

B} | o
et al, 1965); paroxysmal positional vertigo (Preber et al, /1957,
* Gacek, .1974) ; benign paroxysmal positional nystagmus .(Harbert,
. C
I1970); positional vertigo (Schuknecht, 1962); postural dizziness

(Orma et al, 1957); positioning vertigo (Kornhuber, 1974) and

cupulolithiasis (Schuknecht, 1969). )




(@

~

-~

!

appears,géaich persists/unchanged as long as the head is maintained

-

v
]

a

/ The syndrome may be confused with other syndromés
{ v
causing positional vertigo and nystagmus. For example, as

carly as 1913 Barany wrote, presenting a case of multiple
sclerosis: "The new observation, which I would like to preéent

- . - ) ~
to you, consists of the fact that the patient shows 1ittle, if

any, nystagmus with the eyes in midposition or gaze to the left
(and the head in straight position). By tilting the head to

L . N
the right, even when this is perférmed slowly, or when the

1

patient rolls over slowly to the right from the straight supine

position, intense horizontal and slightly rotatory niétaémus
; ! .

in this position". .

N \
Occasionally a few authors give definitions which may

not be in'agreement with what has been defined &bove. Harrison
N ?
et al (1975) and Dayal et al (1974, 1977) seem to call "paroxysmal

positional nystagmus" nyéﬁagmus which intermittently appear’s in

different head positions during electronystagmographic (ENG)

recordings.

/

¢

The etiology of paroxysmal positional vertigo has been
a matter of controversy in the literature. As early as 1921,

Barany attributed this syndrome‘fo otolith dysfunction. He
¢

théught the rotatory nystagmus observed in his patient (see above)

during the éaroxysmal positional vertigo attack was gye counter-
1z I . ’

rolling (Gegenrolﬁung). From earlier animal‘?xperiments by

Magnus, it was already khown that eye lcounter-rolling is a mani-

€
= -

'

L3

L3
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festation of otolith stimulation.

¢ ~

concluded, "further researcﬁ on eye counter—rdiling presents

"Therefore,"aBarany~

a renewed interst". Other authors réported cases of
paroxysmal positional vertigo where the syndrome was thought

to be causéd-by brainstem pathology (Barber et al, 1971; Rubin,

,‘1973) .

which the clinical picture was similar to paroxysmal positional

)

vertigo.

McCabe (1975) reported cases-with whiplash injury in

2

y <

A
8
.

)

’

. ‘ P e
Schuknecht (1969) was the first to intrdduce the term

- u .
cupulolithiadis and on the basis of experimental and, clinical

!

data he postulated that paroxysmal positional vertigo attack is

generated by stimulation of the posterior semicircular canal

»,

from deposits derived from otoconia fallen off from the otoliths.

) ) }
. The present study confirms the hypothesis that the -
~ ’ )
paroxysmal ﬁositional vertigo-attack is generated by the activation

' Y L4
of the posterior semicircular canal.

3

)
-

In the Dizziness Clinic, Royal Vi¢ctoria Hospital, Montreal,
/

the patients evaluated are a highly ‘selected group. A number of

them are in- and out-patients from the Montreal.Neurological

Hospital which is a large referral centre. Some other patiehts

are in-patients of the Reyal ‘Victoria Hospital; others are o

referred by specialists or family physicians. Theére are very

P B
few patients who come to the Clinic without being referred.

' Therefpke, most of the patients have already had their symptom

"dizziness" screened by a physician. In this patients' population

°
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paroxysmal positional vertigo is a frequent syndrome} It is
I

estimated that for the time period mentioned below afout 30%

of the dizzy seen in the Clinic suffered from paroxysmaﬂjfﬁbV

]
positional vertigo.

6 Lt ~ , - -
Between January, 1974 and gﬁnuary, 1977, 255 patients

L2

(Gfoﬁp I) with paroxysmal positional vertigo were evaluated.
Subsequently, in eleven patients (Group II) the nystagmus of /the
paroxysmal positional vertigo attack was studied by direct

observation and electronystagmographic (ENG) recording.

AY

In this 5Bﬁsis, after a review of the literature,

these data are presented and discussed. ’

© . .

7

"
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‘ ( . CHAPTER TWO . .

LITERATURE REVIEW

L 2 g5 N

CLINICAL FEATURES - . - \

e 3 7
L)

History

The patient complain§ of the sudden onset of attacks

G e e AR My e g E be
©

of vertigo, frequently violent, which occur after lies

supine in bed, when he turns from side to side in bed), or when
A

s

he looks upwards or bends forward (Dix and Hallpike, 1952; . }

8o
Schuknecht, 1962;t Barber, 1964; SE€huknecht, 1969; Schuknecht,:

1974} . There are no prodromal symptoms. . ' ;

-

History reveals the following important points (Dix

a

and Hallpike, 1952;: Citron et al, 1956; Harbert, 1970; Drachman

3 SRR TN ST N e S PRy SRR e A nte T

et al, 1972; Hart, 1973; Barber, 1973; Barber et al, 1973;

M - f

Schuknecht et al, 1973; Rubinh, 1973; Rubin et al, 1974;
Schuknecht, 1975; . Barber, 1975; Jongkees, 1975; Barber et al,

Py 1;976)_:_ ‘ . R .

’ - M ¥

BT S 0 o p w AR n

1. Nausea and occasionally vomiting may accompany the attack
(Harrison, 1966). These symptoms may persist for quite
' |

\ sometime after the attack is over. p

3 2. There is aezﬁtent period, a“few seconds elapsing fgoﬁ the

g ) - time the h

(-

d assumes the provocativé position until the
& ) f .. /
nystagmus and vertigo appear.

RPN S

., 3..The nystagmus and vertigo do not last for more than thirty

2

seconds. °
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1

) Hallpike's- (Barber et al, 1976), Cawthorne's {(Hart, 1973) or

. =, » \
4. These symptoms .,show marked fatiguability, their intensity
. 4 \ 3 . . 5
diminishing on successive attempts to assume the vertigo-

provoking head position. - -

s

{

5. There are intermittent periodé, from days to months, when .
attacks can be provoked and remissions may' last several years.

6. The attacks are” accompanied by rotatory vertigo or dis-

3

equilibrium which occasionally may be severe. .

7. There may be associated conditions present (Table Ii) but
the patient rarely feels that there is a cause-effect’ relation-

ship with these conditions.

Clinical Exam{hapion

Vs ‘ , \ ,

The‘mf%tagmus of the attack is mainly rotatoryswith a

. W ~

Y »'3
linear component which has been described as vertical, hdrizontal

or oblique (Jung et al, 1964), and which depends upon the direction

3

of gaze,'being mainly rotatory on gaze towards the nystagmus fast

phase direction and mainly linear on gaze in the opposite direction

P

(Barany, 1921; Harbert, 1970).

»When the patient assumes Fhe sitting position or turns

over to the ogh@r side immediately after an attack, vertigo and

nystagmus may appear again after a few seconds but now the

nystagmus beats in the opposite direction.
PR

Positional testing to elicit an attack has been called
. \ .

.

Nylen and Barany's (Drachman €t al, 1972).  The pafient éitsﬁon

-
'

the examining. table in a position such that whgn he lies down, -

—




T

his head is over the edgg of the table. ‘From the sigting
posit}on he is br?ugh£ comfortably but quickly to the
po§i§ion. 'The. head is hyperextended’:tq.about'45o
is rotated about 45° towards the examiner'é side (Fig. 1).

In this\position thé eyes are observed for one minute'either with
or without Frenzei‘s giagses; . Then the patient is returned to

<

the straight sittapg position’ and the eyes are observed for another

L]

minute. The same sequehce is then followed for the head-hanging
position towards the opposite side. Some authors (Stahle et al,
1965; Stenger, 1957) also suggest examinatioq/in the supine .

’

position with the head hanging straight back. .

o
Types of Parpxysmal Positional Vertigo Attack i}

T

Using suych positioning tests, Stahle and Terins (1965)

distinquished foyf’types of "paroxysmal positional 'nystagmus' in

S

their eightycases: N

®
.

I. The Dix-Hallpike Type (26 cases). The attack is elicited in

only one lateral head-hanging position and the nystagmus beats

" towards the lowermost ear. When the sitting position, is
. _ ; ,
assumed immediately after the attack is over, vertigo and’

nystagmus reappear frequently within a few seconds but the
- ' {

nystagmus beats towards the opposite direction.
' i

~

. II. The Stenger Type (Stenger, 1957) ‘(14 cases). This is similar

to Type I but the attack is elicited when from the sitting

position the patient assumes the supine position with -the

( -

head hyperextended straight back.

# N ‘
o
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III. The Divefgent Type (26 casééf. "The attack occurs in both

Jlateral head-hanging positions when assumed from the supine

straight position and the nystagmus;beats towards the lower~

v

most ear. In some cases -the attack.recurs when the patient”

/ 0 .

~

returns to the supine or sitting position.

Iv. The Convergént Type (12 cases). The nystagmus beat$ away from

the lowermost ear and’ is elieited in one or both lateral head-

i I

hanging positions.= .

€ Two of their cases did not fit any of the above four

13 s

types. One was a~“case of Meniere's disease which showed

paroxysmal positional ‘vertigo alternatiny between Type III and

P

- i

Type 1IV. The other showed a basilar artery deformity with attacks
of alternating right beating and left beating nystagmus occurripg-

on the right lateral head position-

Electronystagmography . ;

~

-

Electronystagmography (ENG)-has shown in some cases

.
"

AY - '
that after the 'initial attack fades away the nystagmus reverses

+

itself whileythe head is still in the vertigo position. This

a

nystagmus is less intense and lasts longer than the initial

LI 4

attack and has been called "nystggmus of the secondary period" .
by Stahle and Terins (1965) although no explanation for its

occurrence was offered. Barber et al (1976), using electro-

.

' _ ~
nystagmographic techniques, noted that the direction of the

recorded nystagmus during the attack is frequently opposite to
» , / 1

o]

that observed. -




Occurrence ' ) .

4

Dix and Hallpike (1952) found both sexes to b§

equally affected by pérox&smal positional vertigo. Barber
) - '
(1964, 1973) reported it to be more common in females in their

Lindsay (1967) found that it occurs

av N

fifth decade of life.

most fréquently\after sixty years of age.

PATHOPHYSIOLOGY AND ETIOLOGY

The bathophysiology and etiology of pagpxysmal

positienal vertigo have provoked much coﬁtrovérsy in the

0

literature (McNally et al, 1967). At times different structures
at

o

or neural connections have been implicated as causing paroxysmal

pdsitional vertigo. Under the headings (a) the otolith,

(b) the neck, (c) the brainstem, and (d) the semicircular canal,

the available data are briefly discussed.,

.(a) The Otolith Organs

7

- . ‘ <~
[ ) Barany (see Introduction) thought paroxysmal positional

vertigo was due to an'btolith disturbance. Dix aﬁ@ Hallpike (1952)

were of the same opinion and described a patient whg died of a /

brainstem glioma with histopathological evidence of utricular
> \

degeneration. Citron and Hallpike (1956) réported two cases

~

treated by labyrinthectomy and one (1962) by intracranial VIII \ﬁ

[ ' e .
nerve section without recurrence of paroxysmal positional vertigo

-

after the operation, despite which they raised the quéstion

—

whether the syndrome could be due to a disturbance of the central

.
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‘otolith connections, at least, in some cases. X\Cawthorne
’ -
and Hallpike (1957) presented a patient with utricular

)
.

. degeneration who alsé had small carcinomatous metastases in

>~ -

the cerebellum. Lindsay and Hemensway (1956) reported patients

‘

with éudden partial loss of vestibular function some of who .

v

subsequently developed symptoms compatiﬁie with paroxysmal
positional vertigo; one showed histopathologic chénges in
o r , .

| i -
Scarpa's ganglion and the nerves to the utricle, superior and

< [y

hqrizontal'Semicircular canals on the affected side. - : ‘

@
~

5

Despite’ these views expressed in the-literature is

there really evidence to support the idéa that stimulation of

the otolith is capable of generatihg ‘such a vidiéntJVertigo -
attack and intense nystagmus? - \

re -
The otolith organs (utricle and saccule) are sensors

of linear accelerhtion and gravity.  Tait and McNally' (1934)

made extensive studiea/throqgh ablative procedures on the

'

contribution of the o&Plith*organs t"Trog's,pbstureJ It«was ‘ \
o@vioﬁé from their experiments that/ihere is direct interaction

betweeh the otoliths and the semicircular canals.

- ’ . 1 y "

’ "What is the influence of the otolith signal upon the
oculomotor system? In 1955, McNally wgote "The utricle has been

shown' to- exert dominant influence‘over labyrinthine tonic reflexes,

L)

labyrinthine righting reflexes ang labyrinthine compensatory

eye movements. The best controlled experiments in which

&

stimulation or ablation whs'strictly confined to the utricle-

. / f N ! ’
, .
. N + ¢
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have not elicited eye nystagmus". However, it has early’
. n,

been recognized YBarany,'l921) and subsequent data supported
; .

. the-idea (Cphen, 1974) that utricular stimulation produces

eye counter-rolling. Electric stimulation of the utricular

nerve in cats activates extra ocular muscles (Suiuki et ai, 1969;"

Tokumasu et al \1971). - Gernarndt (1970) was able to generate

t

nystagmus in cats and monkeys by direct stlmGThtlon of the

utricle. Fluur et al (4970a,b, 1971) were able to demonstrate

" in cats that electric stimulatiop of different areas of the

utricle and saccule generated specific eye deviatigns.”

- Experlmental animals and humans exposed to linear acceleration

respgnded by generatlng nystagmus- llke eye movements (McCabe,,

1964;, Jongkees, 1967). Fluur et al, (1973a,b,c; 1974a,b) in

a series of e§per1ments on cats observed that nystagmus generated

i ! o

by sectioning one ampullary nerve was 1nh1b1ted or enhanced

depending upon whether the head was tilted away or -towards the

side of the lgsion and on whether utricular function was present

‘or absent. This was attributed to the otolith influence upon’

%
the semicircular cadnal nystagmus. It was thought that there is.

43 . ) -‘ . - [ 4]
a close inter-relationship between the semicircular canals and

®

the‘ptolith organs. Furthermore, the same authors (Flhur'et al,

' lQZBd) concluded that utricular impulses generated either by

. T

sectioning one utricular nerve or by  exerting pressure on the
utricular macula (Owada et al, 1960) elicited nystagmus only by
enhancing or inhibiting the function of the semicircular canals.

3 N a

Fiuur (1973) gave the same explanation for the observation that

» N . . [N

KN
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"devised (Young et al,

' when patients with vestibular neuronitis and nystagmus bedting ;

\

away from the side of the leston weré placed with the head'

tilted ?owards the healthy ear inh
when pl?ced with thelr head towa?d

enhance& their nystagmus.

l
I

Positional ﬁystagmus due
described Py many authors (Suzuki,

Positional\alcohol nystagmué‘(PAN)
N \ ° n

Type I with the fast phase‘beéting

and Type If, the secondary phase o
phase beats away from the-egfth (a
origin of PAN is still a matter of
arguments supporéing the view that
responsible for PAN (Money et al,

aLiseé in the otolith' (Oosterveld,

s

{0dkvist, 19f5) that in volunteers

gravitational forces (2-3qg), after

previousdly sébside PAN II reappears.

volunteers showed PAN II under increased gravitational Ipad even

¢

without alcohol intake.

A number of otolith mathematical models have been

1967) .

into account data,showind that sustained tilt angle produces
*

' . Q. . ‘\
sustained steady otolith output.//

4

which combines the semicircular canal and otolith signals for the

. \

In his model Young tried to take

-
‘
‘\.‘ 3
<Y

b

ibited’ their nystagmus and

s the site of tHe le51on ~

7

N
»
i ?

to alcohol ingestion has been

1972; Cohen, 1974).

manifests itself in two types -
3

towards the\earthF(geotropic)

f Type i, during which the faskt.

: e
.

pogeotropic). The site of . °

controversy. . There are
the. semicircular canal is
1974) and arguments that PAN

1973). It is of interest

!
tested under increased
ingestion of alcohol, :

Furthermore, some of the
~
r'd

¢

-

Mayne (1974) devised a model

»

M -




_concept the data need central processing in order that inform-

. there was a cause-effect relationship between whiplash injury and

© —14_ - } «

determination-of the vertical and the computation of linear

. - ©
.

Qelocity and displacement. According to his mathematicadl

ation on the vertical and linear velocity and displacement be

accurate. It 1s interesting that, according to the model,

direction-fixed positional nystagmus "would probably point to .

central pathoiogy".

©

.

This brief discussion shows that it is rather unlikely

u

that otoli¥h disturbances may be responsible for the nystagmus i

.

of the paroxysmal positional vertigo attacks. It is obvious
that whenever nystagmus eye movements are generated by destruc-

tion or stimulation of otolith structures or derves, they are not i

-

similar to this high velaocity, fast fading(nystagmus“of the
paroxysmal positional vertigo attack. Whenever intense nystagmus

A
appears as a sequel of otolith activation it is from modification

of ﬁystagmus generated by one of the semicircular canals.

(b) The Neck (Torsion) ] ' -

o 1Y A 44
. \ - i

v - It has been repeatedly discussed in the literature .

hether whiplash injuries may cause positional,nystégmus (Barber,

1964; Rubin, 1973). ‘McC%be"(l975) described two cases of ¢

; -

whiplash injury with vertigo and bursts of(high velocity slow
PN . ‘

phas (nystagmus of short duration on head turning. He thought

vertigo. He called this vertigb, cervical. Van de Calseyde et

+

al (1977) gave a number of normal individuals and patients with

2




—

. Dichgans et al (1974) studied the importance 6f neck afferents

2

different nmeck proglems what they called "a neck torsion Fest".
During the test, the in@ividual under examingtion was sitting

on a chair with his head fixed by a ?itemporal fork.™~ The chair
could be rotated in both directions by hand. The body rotation
could go up to 65° laterallyf Q The nystagmus response to this
neck torsion was from l.2°/sec. to 4.lo/secr with a méan of 2.70/
sec. of slow phase velocity for normals and;from 0.94O/séc. to
6.79O/sec. with a mean of 3.180/sec. of slo& phase velocity\er |
patients with neck problems. They concludbd that although "neck™ - ._
torsion nystagmus" was more frequent in patients With neck problems,
there were no striking differenqes&between the groupsoof normals

and patients. Is spinal input to the vestibulo—oculomotor’systemL
able to generate vertigo and nystagmus similar to the @hroxysmal

~

positional vertigo attack? . ~

I\\

Spinovestibular afferents have been described by
different authors (Pompeiano, 1972, Brodal, 1974). There are

also neck afferents to the flocculus (Wilson, 1975a) where there

-

is an interaction between labyrinéhine, visual and meck inpuﬂs

(Wilson, 1975b). Cervical input also influences the vestibulo- ,

ocular reflex of the abducens motoneurons (Hisosaka, 1973).
/ |

4

in monkeys during.ac£ive eye-head turnﬁng. They showed that

after bilateral labyrizthectomy one of the compensatory mechanisms

was the increase in gain of th qéck loop. Igarashi et al (1972)

found no positional nystagmug after sectioning or blocﬁing by

local medication cervical ddgrsal roots in monkeys. However,

\\*
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-

_they observed a modification of the post-rotatory and‘opto—

~ / ¢
'

kinetic nystagmus.

“
«
-

It is ‘obvious that eye movements due to neck ,afferent
signals, either experimental or\clin'cal, are ‘possible.
However, the generated eye movements are digsimilar from that
of the paroxysmal positional ve;tigo attack. The same applies
. | .
to cases of.whiplash injuries. The two cases reported by
Ménge (1975) are the only exception. It is interesting to note

S R
that both patients had typical histz}ies of paroxysmal positional

vertigo! | . P
N
. ; o ! '
(c);The Brainstem (Dysfunction)
\\»\
It is of interest to note that the two first cases
< N

\~.

reported of paroxysmal positional vertigo and utricular degener-
ation also showed brainstem pathology (Dix and Hallpike, 1952;

Cawthorne ét al, 1957). Cawthorne/and Hinchcliffe (1961)

+

reported six patients with subtentorial tumors who had what théy
called "nystagmus of the central type". This nystagmus appears

as soon as the head assumes the provocative position and continues

\ "

as long as the head positioﬁ is maintained. Vertigo is only .

inffequently sSevere. None of these patients had- symptoms typical-. .

of paroxysmal positional vertigo. A similar case was earlier

1

described by Barany (see Introduction).

.
Barber .{1975) didghot encounter paroxysmal positional

' é
vertigo in his patients with acoustic neuroma but noted its

occurrence in five patients with vertebro-brasildr insufficiency
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{Barber et al, 1971)..- Rubin (1973, 1974) reported two cases

of acoustic neuroma and two with "other central pathology" with

i

symptoms of paroxysmal pbs%tional vertigo: Stahle and Terins
(1965) reported five cases of paroxysmal positional vertigo

attributed to central pathology. Harrison and Ozsakinoglu (1975)

reported cases of paroxysmal po%itional vertigo due tQ central
pathology, so gid Dayal et al (1974, 1977). These authors,

however, give a different definition for "paroxysmal positional

~

nystagmus" (see Introduction).

L]

It is well known that paroxysmal positional vertigo

- 3

may appear after head injuries with or withoutifractures and
with or without manifésﬁations of other vestibular disorders
{Gordon, 1954; Preber, 1957; ’Barber, 1964; Harrison, 1966).

It is obvious that head injury does not necessarily mean brain-
: :

a

f )

stem injury. -

¢ - . ' -
. Is there any experimental evidence that brainstem

dysfunction or stimulation gives nystagmus similar to that

‘observed during the -paroxysmal positional vertigo attack?

| Nystagmus has been produced experimentally in animals
‘ ! )

with lesions affecting the vestibular nuclei (Uemura et al, 1973)

-and lesions or stimplatién of different areas of the cerebellum

’ - (Cohen et al, 1969; Ron et al, 1973), but this nystagmus did

h .
not fulfill the criteria for parcxysmal positional vertigo.

Fernandez et al (1960a, 1960b) were able to produce positional
nystégmus in cats by ablatiné the nodulus of the cerebellum but

the nystagmus differed from that of paroxysmal positional vertigo



g

Y Aty

e

~ o~ e e et

A P 8 it

[ ——

T e AN £ M LT ORRTH o mir g e, T SIS

-

LN

-

in that it was direction-fixed regardless of positions, was

3

mainly vertical and.occasionally rotatory and, in.some cases,

~

showed a crescendo-decay 'but was present as long as the head
/

position was maintained. In some cats-it showed a long latency
period (50 sec.) and lasted from 30 to 180 seconds and was
compensated in all animals in ?en days (except two where it took
%wenty‘days). Finally it did not recur although some animals
were kept alive for seventy days. At thiéﬂpoint it is'anikeiy
that brainstem neurons would be abile to produce the full picture

°

of paroxysmal positional vertigo.

(d) The Semicircular Canal

-

Two lines of evidence point towards the posterior
semicircular canal as the origin of paroxysmal positional vertigo:

(gé“ﬁshucknecht's cupulolithiasis theory discussed below and

\

(2) the similartgztff the éye movements in paroxysmal positional
v\ 1 ‘
vertigo to those produced by stimulation of the posterior semi-

circular canal.

-

-~ -

: Bafany (1921) was the first to recoghize that when the

eyes were deviated towards the lowermost ear the nystagmus was

'S

rotatory and when deviated to the opposite direction, the
nystagmus was vertical during the paroxysmal positional vertigo
attack. This observation waé confirmed by gther authors, such
5; Harbert (1970) who by using ndurophysiologic data” and his

own observations on forty patients tried to explain the nystagmus

1
4

generated during the paroxysmal posiLionalrvert{éo'attack qnqﬁhe

e

et A i st ot et et o 4 o Fae w6 e m et soonie > & P A P S
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postulated that the posterior semicircular canal was probably

responsible for this tybe of eye movements.

-

( ' - . ;
g Through a three neuron, bisynaptic pathway, the

semicircular canals activate the extraoculdr muscles (Szentagothai,

iy

1964). Fach semicircular canal activatesgyspecific oculomotor
muscles so that the eye movement caused by semicircular canal

electrical stimulation is characteristic.of this particular canal.

More specifically, stimulation of the superier (anterior) semi-
circular canal activates mainly tﬁe ipsilateral superior rectus
and the contralateral inferior oblique muscles. This results in
an upward deviation of the ipsilateral eye and a ;otator§ movement

of the contralateral eye. The horizontal {lateral) semicircular

canal activates, mainly, the ipsilateral medial rectus and the
l

contralateral lateral rectus muscles. This resdﬁts in a
conjugate deviation of the eyes, in the horizontal plane, away

from the stimulated canal. The posterior semicircular canal

Y,ox G

mainly activates the ipsilateral superior oblique and the contra-

lateral inferior rectus muscles. This results in a rotatory’

movement for the ipsilateral éye and a dowgward deviation of the

contralateral eye (Cohen et al, 1964; Cohen et al, 1965; Cohe

et al, 1966). Furthermore, the initial position of the eye in
the orbit influences the movement to be described undér the

electrical stimulation of the particular, semicircular canal.
\ .

Fig. 2 shows the movements of the"left/eye’when the left posterior
- P

~

o ! .
semicircular canal is stimulated (Cohen, 1966). Whén the eye

: ’
is deviated away from the g{imulated side the compensating eye

P .
movement is almost purely vertical. - As the eye turhs towards

[ e
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Abduction

! \
Compensatory left eye movements resulting from left
posterior semicircular canal electrical stimulation.

Top row shows left eye seen from above and bottom row
as seen from in .front. Solid line represents plane
of posterior semicircular canal and dashed line that
of visual axis. ' The lines coincide whén the eye is
adducted. ‘Direttion of movement ‘indicated by arrows
(from Coehn et al, 1966).

o

o -




i Tt

-20-

' the stimulated side, a rofétory component appears and purely

L

rotatory movementoccurs when the eye is directed to the

stimulated side. In other words, when the optic axis of the
f -

- N

eye coincides with the direction of action of the mdscle, in this N

3

particular case the'supefior oblique muscle, the eye movement
will be almost purely vertical. As the eye moves from the
~_~" adducteh towards the gbducted ‘position, the optic axis becomes
more and more nearly perpendicular to the direction of the action

of the muscle, and the eye movement becomes increasingly rotatory.

'S t

. Wheﬁ the two posterior semicircular canals are |

’ * simultaneously stimulated the oblique muscles are gotally or
partially inhibited.  Both inferior recti muscles are strongly
activated and the eyes deviate downwards. - When the anterior

semicircular canal 6n one side and the posterior canal on the

&s

other side are siﬁhltaneously electrically stimulated the superior
and inferior recti muscles are partially or totally inhibited. and

the eyes describe *pur«ely rotatory movement. When the two

~

anterior canals are simultaneously stimulated all four obliques

are‘partially or totally inhibited and the eyes deviate upwards.
/ ' ' In all these combinations the eyes move conjugately. Finally,

v

if all three semiciréular canals on the same side are simultan-
eously stimulated the suﬁérior and inferior }ecti muscles are ’
partially or totally .inhibited and the eyes describe a hofizonal—_
rotatory méyement in direétion opppsite to the stiimulated side by

<~' the activation of ipsilateral medial rectus and superior obliq&e
and contralateral lateral rectﬁs and-inferior'Bblique muscles

(Cohen, 1964).

S
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During all these semicircular canal stimulations in
N !

isolation .or in combination other oculomotor muscles are
¥

9

activated-but this is weaker than the-activation of muscles

described above (Lorente de No, 1932).°

N

From this discussion it is obvious that the eye
movements generated by the posterior semicircular canal are
similar-to those generated during the paroxysmal positioﬁal

vertigo attack. What activates the posterior semicircular

"canal during the attack? ’

' 0

Schuknecht (1969, 1973, 1974, 1975). introduced the

“

®orm "cgpuldlithiasis" and on the basis of clinical and experi-
mental data he postulated that the posterior éemipircular canal

of the lowermost ear in the provocative head position, stimulated

by- deposits of otoconia or material probab%y deriving from dis-

/integrated otoconia, is responsible for the paroxysmal, positional
. ’ . !
vertigo attack. s . s

- 4

-

Lim (1973) found that the mammalian otoconium is
composed of an organic matrix and calcium carbonate. He also
postulated that the vestibular dark cells which are supposed to

be endolymph-secreting, seem to be capablé of removing calcium

from otoconia which have been attached on their surfaces.

=

It is
possible that these dark cells participate in a process of

eliminating dislodéed otoconia.

-

. In the erect head position the posterior semicircular

®
- v
0 -
) ’




-22- R ' 1

v
-~

canal i; the most dependenﬁ structure og‘the labyrinth (ﬁi%. 3).
It is possiﬁle that in this position free floating material,
heavier than the endolymph, accumulatés in the émpulla of the
posterior semicircular canal. In the provocative head position,
the posterior canal assumes a more superior position, the
gravitational force on those depos}ts is altered and, therefore,
the degree of deflection of the cupula changes. Gacek (1974)/‘
Was able to control the attacks of paroxysmal positional vertigo ,

in a number of patients by transection of the posterior ampullary

nerve.

Schuknecht (1973) thought the causes of paroxysmal

positional vertigo to be labyrinthine concussion due to head

blows, chronic otitis media, post-stapedectomy, occlusion O{ the

anterior vestibular arteéry and degenerative changes of ageing.
\

-

Can cupulolithiasis explain, the excitation of the posterior

semicircular canal during the paroxysmal positional vertigo attack?

i

- The semicircular canals are sensors of angular
acceleration. Their=ﬁydrodynamics are expressed b§ a ‘Second \
order differential equation described by Steinhausen and Van
Egmond (Mayne; 1974). It has been shown .(Melvill-Jones, 1972)
that within-a certain range of frequéncyq the.semicircular canal’

signal, which reaches the‘brainstem, corresponds to that of head

- angular velocity. Malcolm et al é1970) introduggd a modification

il

of the Steinhausen model in an attempt to include tHe short term
addptation which takes placg during the semicircular canal cupula

stimulation process. Thé mean cupular resgtoration time constant i
<

s

s
}
} -
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Fig. 3. The position of
. . tic the labyrinth in an i ’&
head position {from Schuknecht, 1975??pfox1mate erect
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Deposit on
the Cupulia

of the Posterior
Semicircular Canal
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nt: : : ) . D .
for their hgalthy subjects was found to be 21 Sec. and th

onstant, 82 seé. Reéently, Demers (1975) .

mean adaptation time c

showed that continuous ear canal irrigation with water of constant.

other than the body temperature results in .nystagmus which can

- , . )
be sustain&& for 45 min. Under these conditions one may assume

T e T SN M TR T R R L
R

'\ that there is a maintained cupula deflection. This is in

O WA RS,

ST TR = e
—

agreement with the explanation given by Money et al (1974) for

the appearance of positional alcoholic nyétagmus. These authors |

ST

. E theorize that when alcohqgl diffuses into the endolymph the

§peéific gravity changes and the cupwrla becomes more dense than

-l

. the e dol&mph.' When the head "is tilted towards one side the

P e LTRTR A M T A TR

is deflected by gravity and stays deflected until the

. ~
alcohpl is eliminated from the endolymph.

e A

It has been recentiy shown (Gonshor:et al, 1976; } %ik
Melvill-Jones et al, %976) that the Vestibulo—ocuiar reflex }

(VOR) has powerful adéptive capabilities to the point that under
\ g hat
specific vision reversal conditions, the VOR may rever$e. A

fad

. From this discussion it is obvious that there are
‘ “

» some points which support Schuknecht's theory:-

A st d

o T e AR TR

1. The eye'movements generated auring the paroxysmal positional

vertigo attack are compatible with posterior semicircular n

canal activation.
2. Lim's observations on degeneration and resorption of otoconia.
(:: 3. The fact that. Gacek was able to control the attacks in some

patients by sectioning the posterior ampullary nerve.

«
*
.
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4. The fact that the posterior semicircular canal is the

-~

most dependeﬁt structure of the labyrinth in the wpright
position} -

5. The time course of the attack is compatlble with cupula .
i
‘ to- o

dynanmics. < .

i
HoweVerx,
;N

of these deposits ‘in the ampulle of the pesterior semicircular

~

there are some points regarding the behaviour

| ,
canal which are not explicitly xplaineq by this theory -

N

1. If these dep051t§\51t on the cupula in the erect head position
(Fig' 3),the;é\would e a mat talned %trlculofugal cupula

This being the direction of ﬁormal excitation‘

deflection.

-

of the posterior canal (see Sémicircul?r Cakal, McNally et alt
-+
1967) there should be a sustalned nyst%gmus %ompatible with

the exc;tatlon of that canal (Demers, %975) ' In the provocative

[

head position these deposits would be dlslodggd, the cupula

would be restorefl and the nfétagmus fast phase\would\be
opposite to the nystagmus produced during the xcitatieh of .

the canal.‘ v ’
2. If the deposits do noe sit on the cupula in fhe‘erect head
position then in the p%ovocativb‘head position they-:would
fall on the cupula in a utriculofugal way and the| cupula would
be deflecteq as during the e&cita&%on of the canal. The
generaéea nystagmuslwould be s}mila; eo that genefeted during

the activation of the posterior canal. However, as the deposits

v .
‘'would sit on the cupula producing a maintained deflection, the
nystagmus would last as long as- the head stays in the

4 i
. . » 4
provocative pos)klon. . >
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It is difficult to ‘explain.what happens during the

- o)

paroxysmal positional vertigo attack with either .assumption. ’ -

!

- Recently McClure et al (1977) divided their cases of paroxysmal

4

3

positional vertigo:in cupulolithiasis and idiopathic on the

bésis éf cupula deflection time constant measurements according '’
to‘Malcdlm's (1970) modél. Howevér, these authors measured .
the responses,of‘the'laterél semicircular canal which, according
to what has(been di;éussed above,'is not respgnsiblé[for'the.

t

paroxysmal positiénal vertigo attack.

t f

. - s
Also, they did not take

into account; the central adaptational processes (Page 23) which
Therefore, although changes

of the time constant of the cupula of the affected semicircular

" . ,
‘canal ar'e possible these authors' measurements seem to be
- N N

’

“

incorrect. ' ' X

TREATMENT . S . & -

“ \

: For most pati®nts the rational *treatment is reassurance
\ ~ . - *

and %n.explanation of how to avoid the provocative head pesition

)

(Schuknecht, 1974). In rare, severe, intractable cases,

-

lébyrinthectomy (Citron et al, 1956) VIII nerve (Citron et°al,

1962) or posterior ampullary nerve section (Gacek, 1974) have:been

14

Ao /
reported to control the attacks. Occasionally antivertiginous

~

medication may be needed for the first few, days of the attacks:
, .

Some ‘authors (Barber, 1973) advise their patients to go repeatedly

l

through the head,pésitions which trigger the attéc} every day, in

the hope thati this will shorten the time period over which the
‘\ - R a ' ,

attacks may “occur.

Q . ’ . -~
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CHAPTER THREE

’

-

MATERIAL AND METHODS

-

A

Between Januar?, 1974 and January, 1977 in the
Dizziness Clinic of the Royal Victoria Hospital, Montreal,
255 patiepts (Group‘i), 80 males ;nd l75tfemales, with
pafbxysmal positiénal vertigo Qere evaluated. AAll but 12 patients

were referred by other physicians and significantly a Yarge number

s

had undergone  thorough nedrological evaluation. .

[ R
|

)

This study generated a number of questions. In an

)

attempt to find some details as to the type of nystagmus of the
attack a s§cond study was‘carried out during which;the nystagmus
of the paroxysmai positional vertigo attack was observed and
rectorded by ENG in different gaze directions in 11 patients
(Group II). These patients were evaluated after January, 1977

nd weré selected out of a largé'group of patients suffering from

9 t
«

this syndrome for the cool approach to their problem and their

-

willingness to fullf cooperate during the distressful paroxysmal

A3

positional vertigo attack. They all fulfilled the same criteria
- . &

.

as the first group of patients. 4

n

A patient Was considered to suffer from paroxysmal

positional vertigo if:- N

. )
(a) He gave a history kf episodic shorl—duration vertigo occurring

when lying or turh;ng from side to side in de, when getting up

9 , .

i —

- ) ?{ | . \




€ ‘
a

/
] from bed, on hyperextending the head or on bending over

y \ or any combination of these éircumstances/ or

H (b) A typical attack was elicited during the .initial or °
*‘\ - . T T
' subsequent examinations. .. -~

(a) History

{ . . \ < . ) \ ¢ !

i o 4 During the first Clinic visit a thoféﬁgh history was

5 |

A

§ taken throughout which the following points were discussed -
i /

¥

§ 1. Through one or two leading questions the patient was left

.

; to volunteer information.
2. The type of sensation he experienced; whether he felt that

there was any rotatory sensation or not; if not, then what

3

e fn o DT A SIS NGRS ET "y LT L I TP~
;

the sensation was; if yes, then whether he was turning around
or the surroundings were turning aroun@.him; also, the
direction of turning, whether vertical or.horizdktal and if
horizontal, whether from ;ight to left or vice versa.

3. Tﬁe duration of the actual attack. - This point always takes

1 -

; time to clarify for any kind of vertiginous patient. Frequently

-

the patient confuses the duration of the attack with the duration.
- of the after-effects which may be a sensation of rotation with
W slower velocity, unsteadiness or just light-headedness. These i

1

symptoms are gpéasionally accompanied by nausea which, however,

is not as severe as durgng the actual attack. '

4. The special circumstances which trigggréd the attack, as to- ° 3

3 (: . body (head) position or spécial head movements\
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or everyday; whether this was the first time or whether
 the patient experienced the ‘same vertigo before.
6. An intriguing point was to find out® whether the patient
4

/
experienced other types of vertigo in the near or distant

past and in which way this vertigo was different from his

/ e -
present problem. ~

7. The possibility of concomitant symptoms with special emphasis
on ear problems such as hearing loss, tinnitus, or sensation :

of blockage in the ear.

B. Other medical pr%&}ems and the med%cation‘the patient was

] ¢
[

taking, if any.

9. The patient's occupation and whether he was a driver.
7

(b) Clinical Examination

All 266 patients underwent complete neuro-otologica
examination by the author and 73 had neuro-ophthalmologica

evaluation by Dr. T. Kirkham, Neuro-ophthalmologist, Montreal

Neurological Hospital, The neuro-otological examination
consisted of an examination of the ears, nose and throat; the
cranial nerves (from III to XII); the search for nystagmus- in

o

five eye positions: midpodsition, gaze to right, gaze to left, o

gaze uprrds and gaze downwards; the testing of cerebellar i

function'consisting of the search for dysdiadochokinesis or

incoordination for all four extremities; the search for dis-

equilibrium as manifested by the Romberg test and tandem gait

3

with eyes open and closed. Hearing acuity was tested by three -

tuning forks (1024Hz, 2048Hz, 4096Hz). ]
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Initially positional testing using Hallpike's
maneuver {(Page 7) was perforﬁed oniy for the right and left
head-hanging positions. Later the e;amination ahfo included
the strqight head-hanging position so that 171 out of 266 patients

were examined for all three head-hanging positions. In all ‘

instances, except as specified otherwise (see Results), the -

patieﬂt was requested to keep his eyes on the examiner's finger,
somewhere in midposition, during the attack and the eyes were i
observed without Frenzel's glasses and in a fully lighted

! -

examining room. Before Hallpike's mameuver was performed, detailed

instructions and explanations weré ‘always given to patiénts as -
to what to do and what to expect from this type of examination.
Subsequently to an unsyccessful Hallpike's maneuver, we invariably

asked 'the patient to gimulate the movements which triggered an

attack in his everyday life. ,

(c) Audiologic Evaluation

An audiologic examination was performed for 190 out
of 266 patients. Tﬁis consisted of a pure tone threshold
audiogram for air and bone conduction and speech reception

. s

threshold (SRT) and speech discrimination scores. If necessary,

special tests were pbrfqrmed: Bekesy tracing, tone decay,

recruitement tests and tympanometry.

PR
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(d) Vestibular Tests

An ENG was undertaken in 190 out of 266 patients.

.-

In our Laboratory horizontal and vertical eye movements were
reéordeéﬁusing Beckman'miniature silver—silver chloride skin
electrodes. After AC amplification with a time constant of three
seconds and a band width of 30Hz, records were mfde on a standard
chart recorder. Calibration of the recording, which also gavé
the per@ormance of the eyes during horizontal saccadic movements,
was carried out by ins?;ﬁcting the patient to follow with his e&yes
two successively flicking lights; the first %n the midline at

the primary position, the second at 10° to the right. This was

followed by a similar process with the second light flicking at

10°

to the left. The same sequence was followed for lights
flicking at 10° above and 10° below the midposffﬂé@b The
vertical eye mqvements were recorded from the right eye and the

horizontal eye movements through bitemporal leads. If appropriate

pathology was suspected the horizontal eye movements. were recorded

separately for each eye. ' ‘ - .

o

é

a

Positional nystagmusJ(eyes closed) was recorded in’nine
head poéiéions: in the caloric test position with head straight,
tilted to tﬁe left, then to the right. The same sequence was
followed/in the sitting poéition and the supiﬁe position witH”

-~ . / -
30° hyperextension. In all positions the patient's body (head)

was positioned slowly by the ENG technician.

[
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. For caloric stimulation, water of 30°% and 44°C was
k4

used from baths with automatically controlled temperatures.

The irrigations %Fre of 20 seconds dpfation. As post-caloric
response, we measured the velocity of the slow phase of nystagmus

-

at the peék of the respodée in degrees per second with eyes
cloéed. The bithermal caloric response which produced up to
20% directional or labyrinthine preponderance was con31dered as

borderllne normal. The test for the visual suppressxon of the
S
post-caloric nystagmus was performed, for both cold calorics

-

around 100 sec. from the beginning of the irrigation. At this

point the patient was advised to open his eyes and fixate on a
light j idposition.

/

n the 11 patlents, Group II, the nystagmus of the attack

9,

was recorded by ENG with eyes open%the same recording technique

was followed. Initially, the ENG recdérding was calibrated as
~
described aboye. Then tHe patient was tested for gaze nystagmus

’

with his eyes in midposition, 30° to the left and 30° to the

/

right in the horizontal plane; 10°4ﬁp and 10° down in the

&

vertieal plane. Next he was tested for positional nystagmué,
eyes closed, 1n the caloric test position with his head straight
only. Then he was given detalled instructions asg tc .what to do

?

during the attack and very slowly he was brought to the straight

éittin§ position éﬁd subsequently, through the Hallpike's maneuver, -

. to’ the provocative- head-hanging position. He was asked.immediately

—

to fix his eyes on the examiner's finger in a gaze deviation of

approximately 30°-40° towards the lowermgg;‘ear or in opposite

L3

.
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direc{&on. In about the middle of the attack he was‘éskéé
to turn his eyes,/follpwing quickly the ekgRinér's‘finger,
towar@s the uppermost ear in about th; same gaze deviation.
In th% second g;zé position the ENG recording continued till
the néstagmus clinically disappeared. After a few seconds tﬁé
patient was brought fast, as in Haiipike's maneuver, to the
sittinq_position Witﬁ his eyes fixed in mid-position. The ENG
recording continued till the nystagmus ciinically*disébpeared. .
After ; few A&nutes of rest, an ENG recorging_&as performed similar )
to that for'the patients in Group I. " b - ) g
In three outjzf 11 patients the eye movements were %

recorded by EﬁG segarately for each eye for the horizontal leads ;
duripg the paroxysmal positional vértigo attack. In the rémaininé N

nine patients the horizontal eye movements were recorded through -

bitémporal leads.

A
S

All the patients were advised to refrain from using
e

S s s . . e g 2 '
anti-vertiginous medications, central acting drugs, such.as ~

diazepam, barbiturates, etc. and alcohol at'least 48 hours prior '

-

?

* A number of patients were referred for skull x-rays

or tomograms of the internal acoustic meatus when this was

thought to be necessary. ," , ) o




with their reqular activities.

RESULTS

GROUP I. ' '

(a) History -
[

The great majority of patients had their first attack

kéfiher as-soon as they lay down in bed at night or when they

-~

-tried to get up in the morning.

-

the night vertiginous as they tried to turn from side to side

A few woke up in the middle of

in bed. Some had their first attack during the day when, because

of their occupation, they tried to hyperextend their heads (house-

N

"wiyes checking high placed shelves) or bend oﬁer (mechanics,

construction workers, etc.). Invariably they described their

experience as frightening.
Q

was a éequgl of a serious disease. ~ Some thought they had brain

tumors; . other that they\experienced a heart attack; others that

they experienced a severe fainting spell, or epilepsy. Most of
them could not understand why they felt better during the day at

their regular occupations and the vertigo recurred every time

~

they tried to sit down and relax or when they went to bed at night.

Most of them volunteered explanations related either to other

diseases they knew they suffered from or life situations obviously

g

unrelated to their problem and its etiology. Some patients felt

quite unsteady or nauseated and a few vomited during the first one

»>

or two days of the:'period when attacks could be elicited
' - !

had to stay in bed, but the great majority were able to carry on

Most patienté knew that the

vertigo lasted less than one minute but others thought the vertigo
¥

| -

Al

Tﬁéy all had the impression that this -

and a few
N [
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attack was muéh longexr until it was provento them during
examina{ion that this was not really ‘the case. Some pafients

knew the initial provocative head poé&tion of the vertigé but T
most thought the vertigo occurred when they turned either way.

Some thought the provocative head position was in the direction
opposite to the real one. A number of patients thoﬁght the

supine was the provocative position. Hallpike's position

showed the provocative was one of the lateral head positions in
most of the patients. Most of them gomplained of lightheaaedpé;s

during the period of attacks. This sensation became worse when

S

7/
/
Only 38 out of 255 patients were seen during’ their

!

first period of attacks. All the others had experiencea the

—

they turned the head around quickly.’

’

. . e e 5
same vertigo previously with remissions between attacks ranging _

from a few days to several years.

~

All patients who.had experienced the vertigo before

knew they were undergoing periods of remission of variable duration
~
between periods when attacks could be elicited. Most of the

N

patients seen during the first period of attacks repoborted that

—

their vertigo was rapidly subsiding with the exception of one

patient (See below).

(b) Clinical Examination ¢

—
;

In 105 out of 255 patients the vertigo attack was not

' -

elicited by positional testing during the initial examination.
! i -

N -
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4 Sixty-three of these 105 patients returned when the vertigo
. recurred, at which time.the Hallpike positioning test elicited

. the attack in 48 patients. In the remaining 15 patients

v

positioning did nbt elicit any attack and in this group some

noticed that their attacks oocurred over a period of only a few

‘

hours. J

-

-

The results of Hgllpike's posijtioning test are .

summarized in Table I.

\

\
Two patients were able to generate an attac% by them- '

selves while Hallpike's positioning was unable to do s%. One
. *

patient lay on his side quickly from the sitting positien

without twisting his neck. The attack was elicited only on ore
side and on the following sitting position. The 6ther patient

lay' flat on his back and then he turned his head fast to -the left P

then to the right, then to the left side again. Both patients

were ﬁrom the idiopathic group (See below).

/
-

- ] All patients who experienced an attack of paroxysmal ;

5
’ -

positional’ﬁertigo during the positioning test complained, of i
vertigo on return to the sitﬁing position; . most of them considered
this veftigo less severe. A number of thém developed nystagmus,

‘which was invariably in the opposite direction and less intense

than the nystagmus in the head-hanging position. The pafoxysmal

,positional vertigo attack was elicjted with the affected ear in -

» [

the lowermost position in all cases where we were able to

(A” establish and localize the cause. ) ‘

4
.
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TABLE I.

Results of Hallpike's positioning test

(255 Cases}

- LY .
Type
13
g - I (Dix, Hallpike)
‘ 11 (Stenger)

ITI (Divergent)

IV ~ {Convergent)

. Attack not elicited . Y

No.

N

of Patients

188

I
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All patients showed a latent period of 2-5 sec. before
the appearance of the attack in the provocative head position.
e

In all patients the attack lasted from 5-30 sec. appro ely.

In all patients ﬁhe;e was a strong rotatory compdnefiit of the

nystagmus during the attack. All patienté examined on subsequent

«

recurrences developed the attack in the same provocative head

position and the nystagmus generated had the same -direction.

I
!

All patients examined duriﬁg a period when the attacks

»

could be elicited, showed a degree of unsteadiness which was more

obvious on tandem gait with eyes closed. Horizontal nystagmus
with the fast phase towards the affectbé side on gaze to this
directiop was.préseﬁ only in patients suffering.froﬁ sévere'
attacks. Gaze nystaymus with the fast phase away from the

affected side was suspegted in a small number of patients.

~

t

Noné of the patients showég\gaze nystagmus in more than one

direction. . o

{(c) Etiology ; 3 N \

°

When the clinical and laboratory data were correlated

for all 255 patients it was possiqie to determine a causative

| ~

mechanism in a number of patients. These possible causes are

1

summérized in Table II.

1

-

HBead Injury (43 cases) ‘

In this group.12 patients only had&fkull fractures. .

Only eight showed post-head injury partial hearing- loss. " None

- , N T

. TS P VR,
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- -~ - TABLE II1
¢ . o .
’ The mqgst apparent causes of
¥ paroxysmal positional  vertigo | -
&) -
n in 255 patients .
[+ - i
& .
£
4 .
%e Head injury 43
Vestibular neuronitis 5
; - ¥ i
i‘ Otosclerosis (no surgery) . 2
& - . A
. g Post-stapedectomy 2 r
g Chronic otitis media 5 ! -
f Sudden hearing 1dss B :
{ Meniére's disease 3
! - e e :
{ g 'Paroxybmala vertigo in : . /
j g :
;; childhood 1 v
‘ W
. ‘ PR c Sudden innér ear pressure ' = ) ,
; change ' ' 4
f | ‘Vertebro-basilar insufficiency 2 .
1
oo Intracranial tumours ' 4 .
. Immediate post-operative ’
' " period* 3
) " Systemic degenerative’ disease 4 SR
t ' Idiopathic . 169 o
{ . \
, i
i v -
( : 4 ' . ! ’
- . . *Other than ear surgery '
i
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of the patients showed bilateral hearing loss. 'In '21 patients

the bithermal caloric stimulation gave symmetrical responses, ¥

* | '

?:ne patients showed post~caloric directional preponderance;
s

ven patiedts showed post-caloric labfrinthine preponderance -
Ve

v

\

aﬁd in 6 patients no ENG recording was performed. No correélation
| -

wé% estgblished between the Severity of head injury;;nd paroxysmal

i

positional vertigo. ' The first attack occurred a few hours after

N

the head injury . ¥n 17 cases; a few days to a few months post-
. ) .
hea% injury in 12 cases; * years later in six cases (in two cases, -~

i

5 years later). Obvioﬂsly in the latter cases it was not possible

]

to establish a cause-effect relationship. Finally, in 8 cases -

the interval between ' the head injury “and the onset of paroxysmal

positional vertigo was notestablished. o '
‘ N i .

0
4 -

\ In all cases where there was hearing and/orhveséibular
fpnction loss as manifested by post-—calori labyrinthine

pﬁeponﬁerance towards the other side, the: par xysﬁal positional

\

. , ’ , .
vertigo attack was elicited with the affected ear in the lowermost

> . ¢ \
3 -1

position. ) - 4

Q ) M
| ' *
-  In four cases an attack was not elicited. ' Two cases

1

showed a Type III attack; 37 cases showeé\a Type I attack.

In all patients with immediate ‘post-head injury onset of
paréxysmal\pqsitional vertigo, who'retkrnedﬂfor follow up, a o
ﬁéndency for less severeoattacks’and shorter subseguent periads
of attacks was noted.  The youngest'p\ﬁiént wasi14 yearé»ofzégf,
the oldest 81 years of age. Fig. 4 sh8§§ the age distrj?&tion

- N \
of all 43 cases. \\
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i
Vestibular Neuronitis (5 $ases) -

/ T e
In all cases paroxysmal positional vertigo oe¢curred

years after vestibular neuronitis. Three patients recalled

clearly that a few years previously they had experienced a type

of vertigo which was different from that currently experienced.
Two patients needed closer questionning to reveal that once in ° -

the past they had experienced a longsyanding vertigo attack.

¢ N

. ' -
A e

Otosclerosis - No Surgery (2 Cases)

It was interesting to note that although both patients

had bilateral otosclerosis their paroxysmal positional vertigo ’

N was unilateral.

/PostﬁStapedectomy (2 Cases)

— a

In these cases the first attack occurred two and four

years respectively'post—stapedectomy and both retained an -

excellent post~operative hearing result. ’ Both were bilateral
‘cases of otosclerosis operated ohly in one ear. The attacks el

occurred when the operated ear-was in the lewermost position.

~

» 13

Chronic Otitis Media (5 Cases - 2 Post-Mastoidectomy) ' ' o

Two patients had dry ears, three had intermittently

~ %
discharging ears. ’There was no correlation between discharge
i ’ ¢

and appearance of paroxysmal positional vertigo attacks.

¢ q :
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Sudden Hearing Loss (8 Cases) ) ' ‘

All patients were fully worked up despite the fact

~

that all lost their hearing more than a Yéar prior to onset of

paroxysmal positional vertigo. No apparent cause was established
\

for thé\hearing loss. Three had partial vestibular function

1 ~

loss in addition. In the latter cases a vascular problem was

suspected.

Meniere's Disease (3 Cases) ' \ }

. v )

e £

One patient noticed the presence of paroxysmal

!

positional vertigo as soon as he started’ to recover from his

»gm

: first Meniere's disease attack. The other two experienced the

3u A e T

v first attack years after the onset of Meneire's disease. It is
: ) interesting to.ngte that in the latter two cases an examination

of the tests combined with a superficial history taking could
, * lead to the erroneous impression that Meniere's disease had

recurred. -

Paroxysmal Vertigo in Childhood (1 Case)

’ : ' This patient in his mid-30's had a typical history of
paroxysmal vertigo in childhood, a disease which subsided in his 5
o« .

{rteens. For a number of years he did not experiénce any vertigo

attacks. . A few months pridy to initial examination he suffered

from recurrent vgrtigo with (a_typical history of paroxysmal

\ e <. N .. .
(:/ positional vertigo. On examindation the attack was elicited with
v -~

the ear in the lowermost position which showed substantial vestibular
- 1

N
w
LA . o
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function loss on bithermal caloric stimulation, The remainder ,
of the work-up Pevealed no furtQLr pathoLogy. . -

- -

Sudden Inner Ear Pressure Change (4 Cases) .
Thed8e patients developed paroxypmal positional vertigo
immediately after the following circumsténces:~ oné patient,

on landing from a flight, one after strenuous exercise, one

immediately after diving and ohe following childbirth. None

Y of these patients had any hearing or other vestibular defigiencies.

‘ Vertebrobasilar Insufficiency (2 Cases)

One patient was plinical diagnosed, the other had

a vertebral angiogram. We were not able to‘establish any

correlation between paroxysmal positional vertigo and symptoms

of vertebro-basilar insufficiency.

Intracrnaial Tumors (4 Cases)” -

1. The first patient had a tempbral lobe glioma diagnosed and
treated by radiotherapy about seven years prior to éur initial
exaﬁinatibn. She deﬁeloéed paroxysmal positional vértigo
six weeks prior to examination. On examination we weré able

to elicit an attack.

[
i

2. The second patient had a craniotomy for removal of an optic nerve

glioma five years prior to imitial examination. She developed
. / - )
paroxysmal positional vertigo four weeks prior to initial

Fo s

.
i
5
o2
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¢
examination. Over the iast two years she had been eﬁémined
repeatedly, and the vertigo wes always present. The attack
was elicited with the ear mn the l6wermost p051tlon which had

very little vestibular functlon left. Further work up did

not reveal any other patholog’.

3. The third patient had ?/cranlotomy for a successful rémoval

2,

of a meningioma 'ten yeArs prior to’“initial examination. She -
developed paroxysmal ppsitional vertigo over one year prior

to initial examination|with long remissions between periods

of attacks.. On examination the ettack was easily elicited.

The fourth p;tient developed paroxysmal positional vertigo

three months prior to if¥tigl examination. The periods of
attacke_Were intermittent but she developed a slowly, progressive '
unsteadiness whlch never subﬁlded | Her clinical examination |
revealed no pathology except right beating nystagmus on rlght
laterel gaze, mild bilateral hearing loss for the high tones,

paroxysmal positional veftigo in the right head-hanging

position with hystagmus having a strong rotatory component and

‘unsteadiness on tandem gait disporportionate to the rest of the

»

clinical picture. The audiogram confirmed the clinical
impression. The ENG.showed low amplitude right beating
nystagmus, dysmetria on refixation saccades, symmetrical
bfthermal caloric responses and bilateral faiiure of suppressihg
the post-caloric n&stagmus by fixation. _'The CT-Scan (Fig. Si

showed a mass in the posterior fossa on the right side. A

craniotomy showed this tumor to be meningioma compressing the
0 " ! .
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Neuroradiologist, Montreal

3

g menihgioma (arrows)

in

show
(Courtesy Dr. R. Ethier,
Neurological Institute).

ig. 5. CT-Scan
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right ceiebellaf hemisphere.
I3

One year after the operation the patient still

The tumor was removed in toto
uneventfully.

experienced the attacks unchanged.-

)

-

Immediate Poét—Operétive Period (Other than -Ear Surgery - 3 Cases)

The first patient underwent a lumbar spinal operation;

.

the second a kidney operation, the third a cholecystectomy.

R H

[}

Systemic Degenerative Diseases (4 Casgs)

One patient had an extensive\éa;cinoma of the breast

5
hY

-without apparent brain metastasgs, one had\encephalopathy of

unknown orié«in, one had diabetic. pol/yn@uro‘pg!:lﬁ/ Qnd 01% had

Conceivabiy there was no relatiégéhi between

multiple myeloma.

these diseases and the paroxysmal positional vertigo whi%h the.

1
i
4

patients experienced.*

Idiopathic(iG9 égses)

all pafients for whom no apparent cause was identified

were classified as idiopathic. There were 49 males and 120

females. Fig. 6 shows the age distribution of male patients'

”

and Fig. 7 shows the age distribution of female patlents at the

4
tlme of onset of the initial period when attacks could be e11c1ted

1
I

A number of patients in  this group suffered from diseases character-

istic of their. age (high blood préssure, diabetes, etc.). A

u | ! M
number of them had bilateral sensorineural hearing loss which °

could be attributed to,presbycusis or noise induced damage in bqfh
. -~ . A
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-abnormalities on their ENG recoréings. ) ;
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{
ears. None of the patiéhts showed labyrinthine preponderance

on bithermal caloric stimulation.

9

(d) Treatment ‘ “

1

Most of the patients thought they had a serious :

disease. Reassurance and an explanation to the patient of how
to avoid the. provocative head position allayed these fears.

The more severe cases were treated with antivertiginous medication

with or without small dosages of Diazepam f%p a few days. None

of our patients thought the condition serious enoughwto warrant
surgery, except one, who is presently under consideration for

surgical treatment. He is an old Meniere's disease case.

Y

(e) Electronystagmography . . f

-

An ENG was undertgken.in 179 out of 255 patients. A
numﬁgr of patients (?able II) showed concomitant vestibular ;
dysfunction manifested as post-caloric labyrinthine preponderance.

All péiients who did not show post-caloric labyrinthine pre- :
' . '

ponderance, and who were tes*ed duiing a period when paroxysmal

positional vertigo attacks could .not be provoked, showed no

€ 'S
«

’ In 76 patients without post-caloric labyrinthine

preponderance an ENG was performed during a period when attacks

could be elicited. Nineteen patients showed direction-changing

s

positional nystagmus; twenty-three showed direction-fixed S

positional nystagmus with the fast phase towards the ear which -

was in the lowermost position during the atéackig twelve showed

v
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'
direction-fixed positional nystagmué with the féstiﬁﬂaée

in the opposite direction and 22 showed practically no positiénal
nystagmus. With the exceptiog of th; actual gg%ack, the
velocity of this positional nystagﬁhs was 2°—7°/seq. excep£ in
‘five patients who showed ﬁositioﬁal nystagmus up to 20°/sec.-

in a few positions.- In all these five patients the positional
nystagmus was of direction-fixed é@pe,/with the fast phase

towards the ear which was in the I;wermost éosition during the
actual attack. Besides, all five showed post-caloric directional

preponderance towards the same direction..

Out of 76 patients, 56 gave symmetrical bithermal

post-caloric responses. Seventeen gave post-caloric directional

preponderance towards the ear which was in the lowermost pqsition‘

-

during the attack and three gave post-caloric directional

preponderance towards the opposite side. .

-

’:in seven patients out of 255-an actual attack was

recorded with eyes closed during the routine ENG examination.

In two patients the direction of the recorded nystagmus during the

attack was the same as the direction of the nystagmus observed

*

clinically during another attack. In four patients the direction

of the recorded nystagmus was opposite to the direction 'of the

observed nystagmus and in one patient the direction of the »

7

recorded nystagmus§” reversed in the middle of the attack (Fig. 8).

s

The so-called nystagmus of the secondary period was

recorded in two patients. g

E’Q“g‘
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ENG recording of paroxysmal positional vertigo attack.
Time of right head hanging positioning 2 sec. (between
arrows) . The attack begins about 4 sec. later with
right beating nystagmus which reverses direction some
2.5 sec. later (lower arrows). Upper recording shows
horizontal bitemporal leads. Calibration Oo/sec. ‘
Paper speed 10mm/sec. Lower recording shows vertical
lead from right eye. Eyes Closed.
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GROUP II.

. \
‘There were 11 patients in this group. They all

met the same criteria for paroxysmél pbsitional vertigo as

the patients in Group I. They were all examined during a -

period when®an attack could be elicited and they were a1l .

\ .
evaluated in the same way as the.patients of Group I. Three

4
patients were post-head injury cases, all of immediate onset,
all seen within a month post-accident. One was an old Meniere's

disease case; one post-vestibular neuronitis and six were of

the idiopathic group. The youngest)in the latter group was

43 years old: the oldest 60‘years,old; .

; On examination no abnormalities were found except:

l. In some patients a degree of hearing loss (See below);
2. A degieé of unsteadiness on tandem gait with eyes closed, in '

some of them with eyes open as well;

v

3. Gaze ﬁystagmus in three patients towards the ear which was

lowermost during the attack; ° 3
4.‘Paroxysmal positional vertigo attack which they all developed
in different provocative head positions during the Hallpike's
'testiné. ) . = ¢ | 0‘, e’

Fl

They all showed Type I'nystad%us during the attack, except one

post—headAinjury patient who showed Type I nystagmus.

54
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The audiogram of 10 oué\of 11 patients*showed’ﬂé N

[ \\
hearing loss, or sensorineural loss affecting the two ears \\\v
‘\W

symmetrically. The Meniere's di e pat;ent showed substantl

H

sensorlneural hearlng loss in one ear*\\the heamlng in the "

'
o |

other ear was close to normal. /

-

A routine ENG examination pérformed in all 11 patients
gave no positional nystégmus in two ‘idiopathic cases; direction

-

changing njstagmus in three idiopathic cases; diréctidn;fixed
nystagmus with the fast phasé.towards the ear which wa$ lowermdst
Qduringfthe attack in five cases (two'post:head injury, one
Meniere's.disease, one vestlbular neuronltls, one 1d10path1c)

Strangely, the(gllateral post-head 1n3ury case (Type III) showed

also dlrectipn°f1xed positional nystagmus.

.
° a
< -
- o

Four cases, all idiopathic, gave symemetrical caloric

A

.responses; three cases (one post-Bead injury, twoe idiopathic)
gave post-caloric directional prebonderance; four .cases (two

post-head injury, one Meniere's disease, one vestibular neuronitis)

- . - t -
gave post-caloric labyrinthine preponderance” : .

° -

o

None of the patients showed gaze nystagmus on the ENG

recording. In none of the patients was the. attack recorded "

during routine. ENG recording.

n

The Paroxysmal Positional Vertigo Attack (Eyés Open) -

i 1~ \

‘ !
The attack was elicited using Hallpike's maneuver.’
N ;‘( ‘ ‘f

—- ’

! . i




Yo

During the attack the éye m¢vements in different gaze directions
were observed and recorded by ENG. The process* was described

-

— in detail above (See Methods).

The direct observation of the eyes in all eleven :

. - patients during the attack confirmg? the earlier observation

reported in the literature. In all patients, wyhen the eyes

were deviated towards the lowermost ear the nystagmus was mainly

rotatory; when they were deviated towards the uppermost ear the

nystagmus was mainly vertical. Our impression was that the eye

~

1p51latera1 to the, lowermost ear showed a stronger rotatory
component of the nystagmus than the contralateral eye. In some

».patients a horizontal nystagmus component was also suspected. -

Out of eleven patients' recordings, iwo were

technically unsatisfactory. -Finally, severn patients' tracings

of bitemporal horizontal eye recording.4an

wo patients' tracings !

of separate horizontal eye recording were studied. Eight out . o
] ‘of nine patients'whose attack was é'ccessfully recorded developed ‘
O an attack only in one head hariging position; one patient developed
an attack in both head hanging positions. , All the attacks had ';

the characteristics already described. The slow phasexﬁelocity

< )

of the nystagmus at the peak of the attack was of varlable

magnltude. The lowest velocity was 25 /sec and the hlghest

velbcity recordgd was 135 /sec./(F;g. 9). - This 1s the highest

Ky

. . , )
‘®ﬁv slow phase nystagmus ,velocity ever recorded in our ENG Laboratory
é;r /’ : R :




since early 1974.

Horizontal Bitemporal Leads .-

In four cases the fast phase of the nystagmus was
f i

towards the lowermost ear when the eyes were deviated towards
this direction. When the eyes were deviated towards the
uppermost ear t:_he fast phase changed directionl. . In one case
the nystagmus was recorded only when the eyes were deviatgad

! .
away from the lowermost ear. In this gaze direction the fast

phase of the nystagmus was away from the lowermost ear.

In one case the fast phase was towards the uppermost

-

ear when the eyes were deviated towards the lowermost ear.

When the eyes were deviated towards the opposite direct,#on the

-

- .
nystagmus remained unchanged.

In the bilateral case, in both head hanging positions,

-the fast phase was towards the lowermost ear when the eyes were

4

deviated towards this ear. When the eyes were deviated towards

the uppermost ear, the fast phase changed direction (Fig. 10, 11).

[}

Vertical Leads

A
4

a
In one case vertichl ‘nystagmus was not recorded. In’

the bilateral case, when the eyes were deviated towards the
lowermost ear, in. one head hanging position, the nystagmus was

downbeating (Fig. 10), in the other head hanging position, .the

@
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nystagmus was upbeating /(Fig. 11) . Wwhen the eyes were deviated

3

~towards the uppermost ear the nystagmus was upbeating in both

head '‘hanging positions. In two cases, the nystagmus was down-—
. [N

>

beating when the eyes were deviated towards the lowermost ear.
- . . -

When thefeyes were deviated towards the opposite direction, no

;

3

&

5 - nystagmus was recorded. In three cases the nystagmus-'remained
: .

\ . . upbeéting in both :iirections of eye deviation.

3 -

Separate Horizontal Eye Leads

4
In one case when the eyes were fixated in midposition,

- the fast phase of the nystagmus was towards the lowermost ear.
When the eyes moved towards the lowermost ear the nystagmus
remained unchanged in direction but a slow phase velocity

‘difference between the two eyes appeared (Fig. 9).

4

In the ‘other case when the eyes were deviated towards

the uppermost ear, the nystagmus fast phase was towards this

direction for both eyes. When the eyes moved towards the lower-

~
. -

most ear, the eye ipsilateral to this ear developed nystagmus
s fast phase towards this ear, while t:_he nystagmus of the contra-—-

-«

i - lateral eye remained unchanged (Fig. 12).-
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. eye recording; -ar left head hanging position; g
b: beginning of the attack; c: peak of the attack (eyes
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Fig. 10. L: bitemporal horizontal tracing; , R: vertical
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i 1 beating nystagmus); c: eyes towards uppermost ear -~
(L: left beating nystagmus; ' R: upbeating nystagmus).
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L: ‘horizontal left eye recording; R: horizontal
c a: left head hanging position;
b: eyes-deviated towards uppermost ear (both tracings
c: eyes moving

d: eyes deviated towards
lowermost ear (L: right beating nystagmus; R: left

right eye recording;

showing right beating nystagmus);
towards lowermost ear;

beating nystagmus).
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CHAPTER FOUR - ) ,

DISCUSSION

- —

j
Paroxysmal positional vertigo is a syndrome which

has puzzled neuro-otologists for over half a century. It is

a common disease which is easily overlooked or misdiagnosed.

Historg

There are three crucial points to be clarified from

-
i

the history:-

‘

(a) The duration of the acteial attack. Concomitant symptoms
such as nausea or vomiting and unsteadir;ess or lightheéﬂedness
may make the patient think that the attack is much longer

- than it actually is. The other interesting poi:nt is that
in a number- of patients the degree of panic is so high that
they never try 1/:;3 stay in the"pfovocative head pesit n
longer than a/few seconfc_is. In. this way .they try to' get up,
they feel dizzy and ritght away they lie inj bed again. In
a few minutes another attempt to get up from bed gives }:he
same results. In this way they may stay in Bed éor many
hours convinced that they cannot get up. Therefore, this
point needs to be‘ clarified. N

(b) The pro‘voeative head position is also importantl.x Most of
the patients experience attacks more  frequently when lying

in bed, when trylng to get up from bed, ox turnlng from side

to side in bed or any comblnatlon of these movements. There-
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fore, they need to be asked specifically for theée.movémentsu
A number of patients do not know the exact head position

which triggefé the attack but, they know the vertigo occurs .
/

in relation to'the flat body position.

(¢) If another vestibular syndrome is present or it has been

i
1

in the past, the patient usually knows that he expriences or d

has experienced another type ofqdizziness, although he may

not volunteer this information.-

¥

Clinical Examination

!

The crucial part of the whole examination is the
-~ N il

Hallpike's positioning. First the physician has to make sure
i:EBat the vertigo attacks still occur on the day-of the examination.

Second, tHe ﬁaneuver, as modified by Stenger, needs to be performed

'quickly and accuratély. However, there is a small number of |
patients who will not develop the attack when positioned by..the
physician. In these cases the patient should be asked to provoke
an attack himsel€f. '

Etiology ' ) “

.From the discussion on etiology (See Literature Review)

it is obvious that the most probable cause of paroxysmal

i
TR 1) 1 s

positional vertigo is activaton of the posterior semiqircular
canal by a mechanism such as the one suggested by Schuknecht.

- A
Our four cases with intracranial tumors appear to contradict this

However, on closer examination it is obvious that

4 o

assumption.

DAoL

e e e e e oo
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in three 6f these cases the presence of paroxysmal positiohal

vertigo was a mere coincidence. In the fourth, it might be
/
argued that two possibilities arfse: “either the tumor compromised

the blood circulation in the inner ear thus creating the necessary

conditions for cupulolithiasis, or the fact that paroxysmal

LY

»
positional vertigo persisted unchanged one year after total removal

of the tumor makes it seem likely that the two were unrelated.

From Fig. 6 énd Fig. 7 it is obvious that the age
distribution of idiopathic cases is different from the -age
distrib&tiop of and injury cases (Fig. 4). It is obvious that
the distribution of the idiopathic cases is ﬁore dense in the
40 to 60 years group. It i; possible,cherefore, that the
mechanism in the endorgan which causes parbxysmal pqsitional
vertigo is part of the ageing process. At thi; point!§he£é

is no satisfactiory explanation for the fact that paroxysmal!

positional vertigo seems to be more common among females than

! N

/males in the &diopathic group.

[3

- —

Electronystagmography

Group I.

None” of our ENG findings in this groué either during a

~
-

period of attacks or dﬁring a remission was pathognomonic. It
is further astonishing that such a high number of patients gave

no ENG abnormalities even during a period of attacks. Therefore,

b

H
N
yg
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it iss obvious that the ENG does not help in the diagnosis -

unless the actual attack is recorded. It is useful, however,

in ruling out other concomitant abnormalities.
_.‘4~ §

The fact that in only seven patients was én attack
recorded during routin; ENG recording, is due to the fact that
the patient's head (body) was slowly positioned in the nine tested
head positions (See ﬁethods). This shows again\that Hallpikeé's

positioning needs to be used for an attack to be provoked.

v

Group II

°
®

The routine ENG recordings in this group were not

different from the récordings in Group I.

é

.
The.ENG recordings with eyesopen during the paroxysmal
positional vertigo attack are' of particular interest.. Although
all patients develcped nystagmus during the attack.which was
identical'to the observer, tﬂe recorded ny%tagmus was different.

/
Bitemporal horizontal recording showed the fast phase of the

7

nystagmus to change direction when the direction of eye dgviation

.

changed. Vertical recording showed upbeating nystagmus to

become downbeating or vice versa when the horizontal eye deviation

]

(;héﬁged direction. Finally, and probably most impressively, b

-

separate horizontal eye recording showed the fast phase of the

nystagmus to change direction only in one eye while in the other

remained unchanged, when eye deviationh changed direction.

‘

e e e e e -
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How these observations could be explained? The

)

nystagmus observed visually is complex, especially when the eyes
~

are deviated towards the lowermost edr during the paroxysmal

positional. vertigo attack. In this case it appears that each

quick phase involves a rotation of the eye about the visual
axis, combined with motion in a more or less semicircular arc
in an oblique direction. When the eyes are deviated ‘towards

the uppermost ear, the degree of rotation during each quick phase
: %

appears to be less, and the length of the semicircular arc along

which the eye moves is reduced, $o that the movement appears to

3

be predominantly vertical.

Given the complexity of the eye movement, and the
unreliability of human observation of quick movements of such
short duration, it is not surprising that the' ENG recbrdings are

difficult to rélate to visual observations. The EiﬂG extracts

only the linear horizontal and vertical components of eye motion,

which are very difficult to assess visually since the rotational

4

component is so striking.

Type of Obser\}ed Nystagmus During the Attack (Group I)\.

The frequency with which the different types of observed
I
nystagmus in patients of Group I occurred during the paroxysmal,

: ‘ |
positional vertigo attack is.of special interest (Table I). all

o

patients, except ten,"'developed Type I nystagmus during the attack.

These results are in disagreement w‘i.th those of Stahle and Terins

(See Pége 8).. During the attack we asked the patient to fixate
. : & :

-




4

( his eyes on, the examiner's finger which was in a more or less
¢ midposition (See Methods). In this eye position the nystagmus

is a co,mbi;1ation of rotatory and obli\‘quely vertical nystagmus.
Stahle and Terins used \Frenzel's glasses in all of their patients.,
Frenzel's glasses are supposed to abolish fixation, but this. is
true only if the eyes are kept in midposition. If the eyes
deviate towards either hgrizontal side, the -electric bulb is
clearly visible and the eyes may fixate on this light. Obviously
Stahle and Terins' patients were able either to keep their eyes

in midposition or to fixate on the light at either side and' there
is no reason toasuppoée that all did the same. Therefore, it

is likely that these authors observed thelr patients' eyes under
different.gaze conditions W/hlch the patients chose by chance and

[

without any control by the examiners . This may have given the
L . N
impression of different direction nystagmus. | It is possible that

this /explains the discrepancy of occurrence of Type I and Type IV
of Jbservéd[ nystagmus in Gréup I and theu series reported by
"Stahle et a:l. At this point, we do not have a satisfactory

{ ' explanation.for the difference of occurrence for Type II (Stenger)
obser\;ed nystagmus’ in Group I and the patieni:s of Stahle et al.

- Y
* o

CONCLUSIONS . ———

% . The éata from our 255 patients (Group I) and 11l patients

(Group II) suffering from paroxysmal positi#nal vertlgo lead to

\ &
"

the followmg concj\usmns :

e




. 1. From the history the crucial boints are: (a) the duration
A .
of the attack; (b) the special head (body) ‘positions which
< . i .
&
trigger it; ' (c) whether this is the first experience 'oxr whether

.

-

‘there were perioas before, during which éttacks could be elicited;

oy
(d) whether there is a history of another type of vertigo.

2. Next a detailed clinical examination is necessary to document
concomi tant symptoms and signs. The pathognomonic clinical
test is the Hallpike's maneuver, as modified by Stenger, which

must be performed guickly 'and/carefully. If an attack is not

e

elicited through this positicning the patient needs to be asked

to go through the movement process which triggers the attack.
A small number of patients will be able to elicit ‘an attack

although the Hallpike's maneuver failed.

3. The ENG recording does not show any pathognomonic signs apd,
therefore, does nc§tnhe1p in the dia:;nosis unless an actual attack
is ‘recorded, which; is rather unusual during routine ENG examin~-
ations. This makes the clinical eXaminaLtion even more important.

ENG recording, however, is necessary for the detection of oculo-
motor or other wvestibular abnormalities.

¥
K

v
N

4. If the direction of gaze is controlled during the attack, the
e T »

S I

nystagmus to be observed is nea,i:ly always the same. Different '

types of nystagmus observed in other reported series may be
@

- explained from the patient's gaz‘é' direction during the attack..
i = - |

o
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/éhe pfécessaof ageing. At this point there is no satisfactory /f

-57- 0

5. The discrepancies,betWeeg'the observeé and reﬁgrded nystagmus .

by ENG with eyes open and different gaze directions during the
) @

paroxysmal positional vertigo attack "point clearly to the fact

that ENG recordings are difficult to relate’ to visual observations J
-~ : ’ ’ 1
for such complex eye movements. It is obvious that the ENG K

<

extracts onlys the linear horizontal and vertical components.

this impliesf'that in the presence of rotatory nystagmus, ENG :

*

recordings peed to be interpreted with ‘caution. .

\ T

6. All avajlable data point to the posterioxr $em1c1rcu1af canal

as the pogsible Slte of origin ' of the paroxysﬁal p051t10pa1

- /

\vegtlgo ttack. \ -

!

7. Paro&ysmal pogitioﬁal vertigo may be 'developed on a pre-

existing endordan problem.

8. ﬂé;t of idiopathic tases belong to 40-60 years of age group .

fgr both sexes,\éuggesting that the idiopathic type is part of

-

explanation for the observation that the idiopathjc type is more-

common among women than men.

v v

9. Although we believe that paroxysmal positio

syndrome caused invariably by a disturbance of

L]

-is in the lowermost position during the attack

L

'

nal vertigo is a
the endorgan which

, we wish to draw °

* the clinician's attention to the fact that thif disturbance in the

‘endorgan may rarely coexist with cenqral pathology.“ It is not

clear\yhether there is a cause~effect relatlon%hlp in a few of
] ~ .. -

these cases. ‘ . , ) |
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10. Although Schuknecht's. theory of cupulolithiasis seems to

ey

explain most of the manifestations of this syndrome it is not
yet clear what really happens to the ‘cupula of the posterior
’ ? ¢

semicircular canal during the attack. At this point a .

reconstruction of events -during the attack under any possibilities

O

seems to contradict itself. !

.

,
e T

11. Further research is needed on this syndrome. Four aspects

in particular need clarification. ’ y

3

{(a) A controlled prospective study as'%o the ‘different head

positions in which the attack occurs. During the retrospective

)

ri Y#"W‘

study for Group I the question was why there are patients who

are more troubled by movements related to the supine position

) " ,and others who feel more frequently and more severely
[ ' O

ot vertiginous when they bend over or when they move their head 7 |

-4 -

,
upwarde At this point one wonders whether this implies ;

R

another mechanism of disease such as a different excitation

o -

' process of the cupula or different size of deposits in the

ampulla of the posterior semicircular canal.

4 3 ’

| ) It is possible also that the diverse results as to positional
§

nystagmus (eyes closed) and ‘post-caloric responses obtaired

by routine ENG recordings during periods when attacks could

ﬁﬁi . be elicited in patients of Group I, may be related to different
g\’nﬁr L \ ! - ’
PR \ abnormalities of cupula excitation and restoration, It is

oY | conceivable that DC ENG recordings will help i cl;rifying ’
T ,
- whether these differences are due to different eye position .

q .
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in the orbit or different vestibular signals.

'

It is clear that high speed photography or other methods

of recording complex eye movements are essential to obtaining
]

an accurate quantitative description of this type of eye

movements.  Therefore, the nystagmus of the attack needs

By

to be studied by such methods. o

i

To find new ways to measure the function of the affected
cupula in the hope of distinguishing different possible

processes of excitation and restoration.

-

-~

.
. .

Long term follow up prospective study to find what happens

to the duration of subsequent periods when attaéks can be

‘elicited and subsequent periods of remissions. ‘

L

v
*
o

Y
to

)

R L

S



B 3

TERR T e

ae R w p ey

et

- oanr

-

]

e

BTG R P R

g
[

REFERENCES

Barany, R. (1913): Dauernde Veraenderung des spontanen Nystagmus
bei Veraenderung der Kopflage. Mschr. Ohrenheilk. 47: 481-483.

Barany, R. (1921): Diagnose von Krankheitserscheinungen im
Bereiche des Otolithenapparates. Acta Otolaryng. 2: 434-437.

Barber, H.O. (1964): Positional Nystagmus, Especially After
Head Injury. Laryngoscope. 74: 891-944.

Barber, H.O0. and Dionne, J. (1971): Vestibular Findings in
Vertebrobasilar Ischemia. Ann. Otol. 80: 805-812.

Barber, H.O. (1973): Positional Vertigo and Nystagmus.
Otolaryng. Clin. N. Amer. 6: 169-187. ¢

Barber, H.0. and Morrison, M.D. (1973): Clinical Manifestations
of Otolith Dysfpnction. Adv. Oto-Rhino-Laryng. 20: 396-404.

Barber, H.O. (1975a): Positional Nystagmus. In: The Vestibular
N System. Naunton, R.F., Academic Press. pp. 303-319.
‘ Barber, H.O. (1975b): Nystagmus in Tumors of the VIIIth. Nerve.
In: The Vestibular System. Naunton, R.F., Academic Press.
pp. 433-438. '
Barber, H.O. and Stockwell, C.W..{1976):P Manual of Electro-
- ; ‘nystagmography. V.W. Mosby. pp. 136-140. -

Brodal, A. (1974): Anatomy of the Vestibular Nuclei and their
Connections. - In: Handbook of Sensory Physiology. Kornhuber,
H.H., Vol. VI/I. Springer-Verlag, N.York. pp. 306—?09.

Cawthorne, T.W. and Hallpike, C.S. (1957): A Study of the Clinical
Features and Pathological Changes Within the Temporal Bones,
Brain Stem and Cerebellum of an Early Case of Positional
Nystagmus of the So-Called Benign Paroxysmal Type. Acta
Otolaryng. 48: 89-105. L

Cawthorne, T.W. and Hinchcliffe, R. (1961): Positional Nystagmus
of the Central Type as Evidence of Subtentorial Metastases.
Brain. 84: 415-426. o ,

~% 7 Citron, L. and Hallpike, C.S. (1956): Observations Upon the -~
¢ ot Mechanism of Positional Nystagmus of the So-Called "Benlgn
** 1 Paroxysmal Type". J. Laryng. 70: 253-259,

Citron, L. and Hallplke, C.5. (1962): A Case of Positional
Nystagmus of the So-Called Benign Paroxysmal Type and the
Effects of Treatment by Intracranial Division of VIIIth. Nerve.
J. Laryng. 76: 28-33. T ' -

Cohen, B., Suzuki, J.I., ‘Shanzer, S. and Bender, M.B. (1964):
,Semicircular Canal Control of Eye Movements. In: The )
Oculomotor System. Bender, M.B., Harper and Row., pp. 163-172,

2




~a B s =T AR AP ICL TR B e/
- . . B “ N 3 el oo > l”; RIS ¥org e K v = PSS UR YA
v . - . w7 f N p Aoy 0 At P SN A h 4 . ~ b e 2 s
B ’r 1 o 1 B e e R LTRIRE e N | i i s
v 1 . . - ¥ 5 ” s - 1Y = vy P SPCU PR PR R e
i

Cohen, B., Suzuki, J. I: and Bender, M.B. (1965): Nystagmus

Induced by Electric Stimulation of Ampullary’Nerves. Acta -
Otolaryng. 60: 422-436.

/

Cohen, B., Tokumasu, K., Goto, K. (1966): Semicircular Canal
Nerve Eye and Head Movements. Arch. Ophthal. 76: 523-531.

€ohen,; B., Komatsuzaki, A. and Alpert, J.(1969): Po%itiqnal

Nystagmus After Lesions of. the Cerebellum. Proc. Int. Cong.
Neurol. 9th. 93: 198-199.

Cohen, B. (1974) The Vestibulo-Ocular Reflex Arc. In: Handbook

of Sensory Physiology. Kornhuber, H.H., Springer-Verlag, N.York.
vol. VI/I, pp. 495-499.

Dayal, V.S., Taranting, L., Farkashidy, J. and Paradisgarten, A.
(1974): Spontaneous and Positional Nystagmus: A Reassessment
of Clinical Significance. Laryngoscope. 84: 2032-2044.

Daydi, V.S., Tarantino, L., Férkashidy, J. and Thibert, R. (1977):

i
Endorgan and Drug Induced Vestibular Nystagmus. Ann. Otol. i
86: 89-93. - ‘

Demers, R. (1975): Analysis of Human Vestibular Responses to |
Caloric Stimulation. Thesis, McGill University. }
’ ]

De Weese, D.D. (1952): An Evaluation of [Postural Vertigo.
Laryngoscope. 62: 262-270. /

Dichgans, J., Bizzi, E., Marasso, P., Tagllaso, V. (1974):
The Role of Vestibular and Neck Afferents During Eye-Head
Co-Ordination in the Monkey. Brain Res. 71: 225-232.

Dix, M.R. and Hallpike C.8. (1952): Tﬁe Pathology, Symptomatology
'/ and Diagnosis of Certain Common Disorders of the Vestlbular

o ‘ j System. Proc. Roy. Soc. Med. 45: 341-354.
‘ .
Drachman, D.A. and Hart, C.W. (1972): An Approach to the Dizzy .
,/ Patient. Neurology. 22: 323-334. N
| . ‘ '
Fernandez, C., Alzate, R.

a Lindsay, J.R. (1960a): Experimental

Observations on Postural Nystagmus. Ann. Otol. 69: 94-114, S

s ] !

Fernandei, C. and Lindgsay, J.R. (1960b): Positional Nystagmus in ,%3
Man and Animals. . Nerv. Ment. Dis. 130} 488-495. ) A

’ \

Fluur, E., Méllstroe A. (1970ax;“Utricular Stimulation and
Oculomotor React¥™¥s. Laryngoscope. 80: 1701-1712.

-

Fluufﬁ”E;, ellstroem, A. (1970b): Saccular}Stimulation and °
{ Oculomgtor Reactions. Laryngoscope. 80: 1713-1721. -
' J ¢

; . . . .




o

ey

e e

20 g

B N A

. i T B AR

! ~

Fluur, E., Méﬂistroem, A. (1971): The Otolith Organs and Their
Influence on Oculomotor Movements. Exp. Neurol. 30: 139-147.

Fluur, E., Siegborn, J. (1973a): Interaction Between the Utricles
and the Horizontal Semicircular Canals. I. Unilateral
Selective Sectioning of the Horizontal Ampullar Nerve Followed

f}?T&lting Around the Longitudinal Axis. Acta Otolaryng.
i 17-20. ,

Fluur, E., Siegborn, J. (1973b): Interaction Between the Utricles
and the Horizontal Semicircular Canals. II. Unilateral
Selective Section of the Horizontal Ampullar and the Utricular

‘ Nerve, Followed by Tilting Around the Longitudinal Axis.
-+ Acta Otolaryng. 75: 393-395.

Fluur, E., ‘Siegborn, J. (1973¢c): 1Interaction Between the Utricles
and the Horizontal Semicircular Canals. III. Sectioning of
the Horizontal Ampullar Nerve on One Side and of the Utricular
Nerve oni the Other, Followed by Tilting Around the Longltudlnal
Axis. Acta Otolaryng. 75: 485-488. -~

[ R

Fluur, E., Siegborn, J. (1973d): The Otolith Organs and the

Nystagmus Problem. Acta Otolaryng. 76: 438-442,

Fluur, E. (1973): Interaction Between the Utricles and the
Horizontal Semicircular Canals. IV. Tilting of Human Patients °
with Acute Unilateral Vestibular Neuritis. Acta Otolaryng.

76: 349-352.

Fluur, E., Siegborn, J. (1974a): Interaction Between the Utricles
and the Vertical Semicircular 'Canals. V. BllateraI‘ielective
Sectioning of Anterior or Posterior Ampullar Nerves br Unilateral
Selective Sectioning of the Two Vertical Ampullar Nerves Followed
by Tilting Around their Bitemporal or Longitudinal Axis. Acta
Otolaryng. 77: 80-85.

Fluur, E., Siegborn, J. (l974b) Interaction Between the Utricles
and the Vertical Semicircular Canals. VI. Unilateral Selective
Sectioning of the” Horizontal and Vertical Ampullar Nerves
Followed by Tilting Around the Longitudinal Axis. Acta
Otolaryng. 77: 167-170. ;

Gernandt, B.W. (1970): Otolithic Influences on Extraocular and
Intraocular Muscles. Fifth Symposium on the Role of the

Vestibular Organs in Space Exploration.  NASA Sp-3]4: 195-201. o«

Gonshor, A., Melvill-Jones, G. (1976): Short Term Adaptive
Changes in the Human Vestlbulo Ocular Reflex Arc. J. Physiol.
256: 361- 379. '

A - R

Gacek, R.R. (1974): Transection of the Posterior Ampullary Nerve
for the Relief of Benign Paroxysmal Positional Vertigo,

Ann. Otol., '83: 596-605.

LV B T e 2 o Bl o

AT el S e e




\!x’.
e

AT SR B RS T TN S

A : IR DRUR RS- SN LA

.

' 4.

Gordon, N. (1954): Post Traumatic Vertigo. Lancet. 266:
1216-1218.

Harbert, F. (1970): Benign Paroxysmal Positional Nystagmus.
Arch. Ophthal. 84: 298-302.

Harrison, M.S. (1966): Benign Positipnal Vertigo. 1In: The
Vestibular System and Its Diseases. Wolfson, R.J., Univ>_of
Pennsylvania Press. pp. 404-427.

Harrison, “M.S. and Ozsahinoglu, .C. (1975): Positional Vertigo.
Arch. Otolaryng. 10l: 675-678. <

Hart, C.W. (1973):- Evaluation of Post-Traumatic §ertigo.
Otolaryng. Clin. N. Amer. 6: 157-168.

Hikosaka, 0., Maeda, M. (1973): Cervical Effects on Abducens
Motoneurons and their Interaction w1th Vestlbulo~0cular Reflex.
Exp. Brain Res. 18: 512-530. _

Igarashi, M., Miyata, H., Alford, B.R., Wright, W.K. (1972):
Nystagmus After Experimental Cervical Lesions. Laryngoscoge.

. 82: 1609-1621.

Jongkees, L.B.W. (1967) : _On the Otoliths: Their Function and

% the Way to Test Them. Third Symposium on the Role of the
Vestibular Organs in Space Exploration. NASA SP-152: 307-330. -

Jongkees, L.B.W. (1975): Positional Nystagmus of the Central Type
with Particular Reference to its Clinical Differentiation from
the Benign Paroxysmal Type. In: The Vestibular System.
Naunton, R.F., Academic Press. pp. 429-431.

Jung, R. and Kornhuber, H.H. (1964): -Results of Electronystag-
mography in Man. In: The Oculomotor System. Bender, M.B.,
© Harper and Row. pp. 433-434. '

Kornhuber, H.H. (1974): Handbook of Sensory Phy51ology. Vol. Vi/2,
Springer-vVerlag. p. 196. .

o T
Lim, D,(19731. Formatlon and Fate of the Otoconia. Ann. Otol.
82: 23-35, ‘ )

Lindsay, J.R. and Hemenway, R.G. °(1956) : Postural Vertigo Due to
Unilateral Sudden Partial Loss of Vestibular Function.

"Ann. Otol. 65: 692 -706. ____’_i__,____.———'—”’f———‘//f‘

Lindsay, J.R. (1967): Paroxysmaﬁ Postural Vértigo and Vestibular
Neuronitis. Arch Otolaryng; °85: 544-547.

Lorente:dp No, R. (1932): The Regulation of Eye Positions and
Movements .Induced by the Labyrinth. Laryngoscope. 17: 233-332.



HER

£ 2ace

N AT AR N SR

i o G e ST ST T B RO PO AT Y s Mg,

: ¢ ) 5 -

¥

Malcolm, R., Melvill-Jones, G. (1970): A Quantitative Study of
, Vestibular Adaptation in Humans. Acta Otolaryng. 70: 126-135.

Mayne, B. (1974): A Systems Concept of the Vestibular Organs.

In: Handbook-of Sensory Physiology. Kornhuber, H.H., Vol. VI/2,

Springer-vVerlag, N.York. pp. 501-533.

McCabe, B.F. (1964): Nystagmus Response of the Otolith Organs.
., Laryngoscope. ,74: 372-381.

McCabe, B.F. (1975): ENG of the Month. Ann. Otol. 84: 260-261.

McClure, G;, Lycett, P., Rounthwaite, J. (1977): Vestibular
Dysfunction Associated with Benign Paroxysmal Vertigo.
Laryngoscopes: 87: 1434-1442,

McNally, W.J. (1955): Some Facts and Fancies About the Utricle.
Ann. Otol. 46: 355-363. J

McNally, W.J. and Stuart E.A. (1967): Physiology of the Labyrlnth
Trans. Amer, Acad. Ophthal. Otolaryng. pp. 79-85.

Melvill-Jones, G. (1972): Transfer Function of Labyrinthine
Volleys Through the Vestibular Nuclei. In: Basic Aspects
of Central Vestibular Mechanisms. Brodal, A., Pompeiano, O.,
Elsevier, pp. 139-156. ’

Melvill-Jones, G., Davies, P. (1976): Adaptation of Cat Vestibulo~
Ocular Relfex to 200 Days of Optically Reversed V1510n.
Brain Res. 103: 551-554,

Money, K.E., Myles, W.S., Hoffer, B.M. (1974): The Mechanism of
Positional Alcohol Nystagmus. Can. J. Otolaryng. 3: 302-313.

Oedkvist, L.M. (1975): The Effect of Gravity on Positional Alcohol
Nystagmus Phase II in Man. Acta Otolaryng. 80: 214-219.

Oosterveld, W.J. (1973): On the Origin of Positional Alcohol
Nystagmus. Acta Otolaryng. 75: 252-258.

izziness in the .

4

Orma, E.J. and Koskenoja, M. (1957):
"Aged. Geriatrics. 12: 49-

Po

e

/_Ow;ﬁir-KfT#Sllzu, S., Kimura, K. (1960): The Influence of the

Utricle on Nystagmus. Acta Otolaryng. 52: 215-220.

Pompeiano, O. (1972): Spinovestibular Relations: Anatomical and
Physiological Aspects. 1In: Basic Aspects of Central Vestibular
Mechanisms. Brodal A., Pompeiano, 0., Elsevier, pp. 263-296.

'Preber, L. and Sllfverskjéld B.P. (1957): Paroxysmal Positional

Vertigp Following Head Injury. Acta Otolaryng. 48: 255-265.

I S 2 VAN S - P ST e » MMt e TP md ey Y
i demabnttmiioses U orsrreb Elinmcsibls " > telend Sl LSt

AL §

——x

= e r—— o cg—————— o ——
-, T —— sl

g———

—————
Y




‘ o | 6.

Ron, S., Robinson, D. (1973): Eye Movements Evoked by Cerebellar

‘: Stimulation in the Alert Monkey. J. Neurophysiol. 36: 1004-1022.

LR S

Rubin, W. 11973): Electronysfagmography and Its Value in the
Diagnosis of Vertigo. Otolaryng. Clin. N. Amer. 6: 95-117,

!
Rubin, W. and Norris, C.H.(1974): Electronystagmography.
" C.C. Thomas. pp. 50-51. '

Schuknecht; H.F. (1962): ©Positional Vertigg. Clinical and
Experimental Observations. Trans. Am. Acad. Ophthal.
Otolaryng. 66: 319-331. ,

Schuknecht, H.F. (1969): Cupulolithiasis. Arch. Otolaryng.
90: 765-778.

Schuknecht, H.F., and Ruby, R.R.F. (1973): Cupulolithiasis.
Adv. Oto-Rhiro-Laryng. 20: 434-443. :

Shuknecht, H.F. (1974): Pathology of the Ear. Harvard Univ.
Press., pp. 465-473.

Shuknecht, H.F. (1975): Positional Nystaémus,of the Benign
Paroxysmal Type. 1In: The Vestibular System. Naunton, R.F.,
- Academic Press. pp. 421-428.

Stahle, J. and Terins, J. (1965): Paroxysmal Positional
Nystagmus. Ann. Otol. 74: 69-83. -

n ' -

Stenger, H.H.: Uber Lagerungsnystagmus unter Besonderer Bertck-
sichtigung des Gegenldufigen Transitorischen Provokations-—
nystagmus bei Lagewechsel in der Sagittalebene. Arch. Ohr.-
Nas.-Kehlkopfheilk. 168: 220-268.

Suzuki, J.-I., Goto, X., Komatsusaki, A., Nozue, M. (1968):
Otolithic Influences on Tonus Changes of ‘the Extraocular
Muscles. ‘+Ann. Otol. 77: 959-970.

- #

Suzuki, J.-I., Tokumasu, K., Goto, K. (1969): Eye Movements
from Single Utricular Nerve Stimulation in the Cat.: Acta,
Otolaryng. §8: 350-362. '

’Suzuki, J.~I. (1972): Vestibulo- Oéu10motor Relations: Static
‘Responses. In: Basic Aspects of Central Vestlbular Mechansism.
Brodal, A., Pompeiano, O., Elsevier, pp. 507

v

Szentagothai, J.: Pathways and Synaptic Articulation\Patterns
_Connecting Vestibular Receptors and Oculomotor Nukle
In: The Oculomotor System. . Bender, M.B., Harper a
pp. 205-223.

{




WETEEVE W Y ey s g7 = -

i H

Tait, J., McNally, wW.J. (1934): Some Features of the Action
of the Utricular Maculae (and of the Associated Action of the
Semicircular Canals) of the Frog. Philosoph. Trans. Roy. Soc.
London, No. 513. Vol. 224, pp. 241-286. C

Tokumasu, K., Suzuki, J.-I., Goto, K. (1971)¢ A Study of the .
Current Spread on Electric Stimulation of the Individual .
Utricular and Ampullary Nerves. Acta Otolaryng. 71: 313-318.

Uemura, T. and Cohen, B. (1973): Effects of Vestibular Nuclei
Lesions on Vestibulo-Ocular Reflexes and Posture in Monkeys.
_Acta Otolaryng. Suppl. 315. ‘ .

Van de Calseyde, P., Ampe, W., Depont, M. {(1977): ENG and the
Cervical Syndrome. Neck Torsion Nystagmus. Adv. Oto-Rhino-
Laryng. Karcer. 22: 119-124. .

Wilson, V.J., Maeda, M., Franck, J.I. (1975a): Input from Neck
Afferents to the Cat Flocculus. Brain Res. 89: 133-138. -

Wilson, v.J,, Maeda, M., Franck; J.I. (l973b): Inhibitory '
Interaction Between Labyrinthine, Visual and Neck Inputs to
the Cat Flocculus. Brain Res. 96: 357-360.

Young, L.R., Meiry, J.L. (1967): A Revised Dynamic Otolith Model.
NASA, SP-152, 363-366. . . s -~ .

’

e

3
'
<
%
e
~

PR - oy

ol
PN

-



