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ANATOMY AND PHYSIOLOGY OF THE O ST OF

AUDITORY FUNCTION

R. Pujol' and D Hiling

From the Otologic Resesrch Laboratory ""‘“""‘"“ﬂ"#u;,
-

Aew Hevem, Comn., LS4

{(Recehred September 3197

Corrsiation xtbcuuu microwcopk fiodiegs thown
that the carliest cochlear potenthals follows by a few
days casty myciination and formatkoa of both afferent
and efferent peoro-epittulial
The earllest recordable round window re
:pomuwcruu:dinnnumbctofprw{cm
studles to correlate structure and function of
the developlng euditory system. The oposum
was studied by Larsell et al. (1935), the moume
by Alford & Ruben (1963, the rabbit by Ang
ghrd (1965) and tho cat by Pujol (1971). Fried-
mann & Bird (1959) introduced the uss af
clectron microscopy for study of imner ear
development In their work with isolated oto-
cysts. Electron microscopy was used by Kikuchi
& Hildlng (1965) to examine muce at varlous
stages after birth by Wersdll & Flock (1967)
to study human fetsl material guines plg.
mice and mink otocysts were studied by Nakal
& Hilding (1968) and Hilding (1969) Sugiora
Thds work was supported by NINDS Research Oraad
@395 ¢nd by & gravt from the Deafses Rewearch
Prosent Laborstoire de Neorophyviologls
Comparés, Unbrenité d¢ Provence, Cenire do 5L
J&rdme, 13013 Manellte, France.

1 - 73294
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LIGHT MICROSCOPY
(llestrations approt. x 350)
1 ) 4 5 Toluidiee blue,

hair et Laspe tectorial membrane at
I eells {illing the internal spiral sukow
spaces In foture toonel (Golnea pig

P — -

, JTTEE A
1 }’};—‘,ﬁ:‘,f o TV Tall colls of Internal spinal sukcus have shortenad to
P $Iss ‘é.» e 74}_5,[;‘ release part of the tectorfal membrane  (Poppy
¢ St S 3Ty 3DAD

[
- h:-.‘.\’
,
- ! YA
P O"}-,‘.“j\f;
e A O ST Relemse of tectoral membrane and obriow tupoe!
v i eEa o ‘;:a:ﬁ‘p pace Taner snics well formed. Stria vawcularh kat
X T s ot eotthoriam s e
AL IR, (itten 2 DBB)

Tacease in tonmel wnd Nuel's space. Further atrophy
cf tall cells of mner solcos. (Puppy 7 DAB)

Reticolar plate tiied 1omard modiolm, pillars form.
Hensen's celh devcloped. (Guleea pls DEB)




Anatomy and physiology of onset of auditory function 3

ELECTRO PHYSIOLOGY

TDMING
(DBB. dayy beforw brth)
(DAB, days afier birth)

No potentlals Guinea pig 30-24 DBB
Synaptic bars and chterm appear
In b cells oppostie nerve Ponible to electrically stmrulate Gulnea pig. 20 DBB
endmgr. Myellmtion of perve anditocy system, bot no cochlear Cat 5 DBB
ity potrntals Dog atborth
Guinea pig 15 DBB
(Romand et al, 1971)
Cat 2 DBB
DD: 4 DAB
4 5 DAP
(Annini. 1965)
3 DAB

Probable incresse m mumbor of CMw-Ibhlnuﬂchwﬂ‘hhﬂms:
mature symapa

{Wnd.:. 1923 Crowky & Hepp-
Raymond, 1966)

Mouse 11 DAB
(Alford & Ruben, 1963 Sher 1971)

Quines plg 12 DEB
(Remand et al, 1970)
Cat stbirth
(Romard et al, 1970)
Dog 7-§ DAB
Rabbit 5 DAB
(Angpdrd, 1965)
Mame 1 -14 DAB
AP recordable wt ronsd window (Alford & Roben, 199}
Towgreton of stria vascohm od entire anditory sysem 16 DAB
epithelrom responds 1o acoustic gthmali (Sogmrs & Hiking, 1970)
Grirea pig st buth
Ot 12 15 DAB
Dog (approv) 21 DAB
bbit .5 DAB
Har cell msochondria reduce ln (Annin:. 156%)

Matwre CM and AP with respoct
to threshold wad frequency range

(melgy&ﬂtpp-knm-d 1%6)
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used to record CM and AP responses to Joud
clck stimuli (around 90 dB SPL). The clicks
were presented to the open bullee fn free fleld
The cochleas were promptly removed at the
end of each experiment and prepared for Jight
and electron microscopy Phosphate-buffered
3% glutaraldehyde was perfused through the
perilymphatic space by opening round and
oval wind. They r Ined in glataraldehyde
tor 2 hours, were washed thoroughly in buffer
and stafned for 1 hour fn 1% phosphate-buf
fered osmic acid After dehydmation the speci-
mens were imbedded In Epon The cochleas
were divided and remounied on blanks before
sectfoning at 1-3 um for toluldine blue light
micrascopy and 300-500 A for electron micro-
scopy Thin sections were stained with uranyl
acetate and lead citrate before being examined
with an RCA 3G clectron microscope

RESULT

Onset of audliory function

‘The earliest cochlear microphonic (CM) re
spofise was recorded fn gulnea plgs 15 to 12
days before birth (DBB) with intense click

~stimull. In Aittens, similar responses occurred
, 2 DBB and in puppies the first CM was
sccorded 4-5 DAB (days sfter birth)

Actfon potential responscs (AP) were found

a few days later In gulnea pigs, the carliest
AP was 12-8 DAB in kittens, birth to 2DAB
and in pupples 7-8 DAB In later stages, less
Intense stimub were necessary and the fre-
quency spectrum broadened (Pujol, 1971)

Struciural maturation of the cochlea

The apical portfon was less well-developed thag
the basal turn at every stage, a3 has been ob-
served by many investigators previously and
recording from the round window ks a means
of observing specially the basal part of Conily
organ Therefore our morphological studizs
concentrated on bam! turn structures.

The time lag between the appearance of the
two ekctrocochlear potentfals led us to dis-
tinguish four stages dunng maturation of Coc
tl's organ

1 Before onset of potentials, In our carliest
specimens, goinea plgs 30 days before birth,
hair cells had begun to differentmte stereo-
cila were present. The tectorlal membrane had
begun to form (Fig. 1) A short time before
the onset of CM response (20 DBB guinea |
pigs 55 DBB Littens approximately at birth
In the dog) the cochlea presented the following
featares: the halr cells were well but not com-
pletely differentiated. They were round shaped
with a large nucleus. The tectorial membrane
was completely formed but stil strongly at
tached to the supporting and halr cells (Fig. 2.
Neither the tunnel of Corti nor the Space of
Nuel was visible. The internal spiral suleus
was fllled with tall colamnar cells but a small
space had begun to form at the basal part of
the cochkea.

2 Cochlear microphonic time- This stage
occurred about 15 DBB in the guinea plg, *
DBB in the cat and 4 DAB in the dog Th
tectorial membrane detached from the sup-
porting cells in the basal turn The tall cells of

(arrows) Ape, 5 days before buth. 4 000

Acts Otolaryne 76

Fies & 9 10 Nerve endingy In guinea pig I3 dap

ferent ending (@) shoming ssymmeiric membrast
thickening. 16 500.

Fie 10 Early synapsey between haner hair cell (s
and afferent perve endingy («) whth more

a3y emetry of membrane thickening (errows). = 5000
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-
e rbaee

Fig 11 looer halr coll of Akten 4 days before birth.
Low magoiliation skew shoming clmser of affercnt
emdingy and an dferent termml (orrows). Stage fust
6 000,

Figs, 13 and 14 Pupphts 3 days after birth st same
stape phy as Fig tt and 12, fust prior

Acts Otoloryxp 76

¥
n * .
NS SR d -\ x
o CM Afferemt endingy were found benea
tars

th
hadr celly which contained synaptic @b 17000
Fiy 15 hitten 5 cays beforr birth showleg chiema
in inoer hair cell opporlic effercnt nerve ending
20000,

Fles. 16 and 17 hlitten 4 days before birth ot
talr cell, Efferent endings (¢) contalm veikho soot
with demsecore 3000 (Flg. 16}, 35000 (Eeg 170
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Fiy 18 Doy 3 days afisr birth showing carly
formation of myelin theath aroond perve fToers befow
the habenula porforats. x 36 000.

Fig 19 Kittew 4 days before bicth, longhadinal sec

the “large swelling™ had doappeared or be
come much thorter to form the internal sl
micus. The tunnel of Corti had begun to
form (Fig. 3)

3 Action potential time: This stage followed
the previons by 2 or 3 days. The outer halr
cells had lengthened to approach their adult
shape, with small nucler near the Jower end of
the cells. The tunnel of Cortl had well opened
and Nuel's space had formed. Only a few tall
cefls remained near the inncr hair cells i the
micrnal sparal sulens (Fig. 4).

4 Adult stager As judged by light micro-
scopy the adult form was reached 5 DBB in
the guines pig, 10 DAB in the cat and 15 DAB
in the dog. It was characterized by the ac
qubsition of the definitive hair cell form, a
well-developed tunnel of Cortl and tilting of
the reticular plate towards the mmer mkns
The last group of cells to develop were the
Hensen eclls (Fig. 5.

Aerve endings end syraptic ereas

Hair cells were well-differentiated, with ati-
cular plate and stereocilia in the carllest speci-
men we stedied, the gninea pig 30 DRB. (Simi-
lar findings arc flustrated n the second turn of

of myslinated nerve fiber bn the lamine spiralh
00

-
w

20 High magnification of the myefin sheath wt
wame agn. x 36 000,

2 23 DBB guinea pig and finst turn of 5 DBB
cat, Flgr. 6 and 7) As seen in Flgs. 8-10
the b are d in the pil
area. In Figs. 9 and 10 the thickening is
asymmetric and [t I possible to conclude that
these represent futore afferent synaptic aress.
Two or three days before the CM could be
recorded, efferent and afferent endings were
fdentified. They were particularly evident near
inner halr cells (Fige. 11-17) Like in the adult
cochlea, sfferent synapses were chanc(criud
by a thickening of the postsymaptl
and a synaptic bar on the prevynaptic alde sur
rounded by a cluster of vesicles (Figs 12-14)
Efferent synapses were less numerout. As in
the adalt, they contalned vesicles, some denss
corcd, and were found oppostc s postsynaptic
cistern in the bafr cells (Fip. 15-17)

thick

DISCUSSION

The purpose of our physiological recording
was (o correlste with hitological findingy. Our
fndings In guinex pigy agreed whth previous
experiments (Romand &t &l 1971) as did the
remlts n pounxtal caty with o,

lear potential (Romand et af £

(243
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tory pathway acthary (Pupol & Marty 1970
Pujol, 1971 and 1972). We found clear CM
responses before birth as Romand (1971) tenta
tnely reported. Zahlava (1966) and Fox (1968)
recorded evoked responses from the dogs
auditory cortex and stated that audition began
zbout the 12th posinatal day Our method for
recording showed somewhat earlier onset of
function m dogs. However the dog still Iagged
about a week behind the cat in andrtory devel-
opment.

For many years, detachment of the tectorial
membrane from jts outer attachment has been
regarded as an important morphologic finding
that colncides with the onset of cochlear func
ton The detachment s artifactoal in hife
the tectorial membrane is attached to the organ
of Corti (Hildmg, 1952) However this at
tachment is so tenuous that routine histo-
logeal techniques invamably show the adult
tectormal membrane separated from the organ
of Cortl In the immature cochlea, the tectorial
membrane Is attached to the tall cells of the
large swelling which fills the foture internal
sprral sukcus and extensively to the organ of
Cortr. The attachment fs 5o broad that it would

cvent relatrve movement and thus shearing

, fon or bending of stereocilia. At about the

CM was recorded, the large swellmg had
been replaced by the inner spral sulcus re
leasmg muoch of the carly attachment of the
tectonal membrane. Above the organ of Cortd,
the attachments became much less restricting.
Lindeman et al. (1971) mentioned release of
tectoriat b outermest sttach as
a function of maturation of the cochlea m cats.
His observations at age one month are difficult
to correlate with the much earlfer onset and
maturation of cochlear function

Two or three days after the CM was re

corded, the earliest AP ucre found, confirming
earlier obsenvations 1n mice (Alford & Ruben,
1963) in rabbsts (Anggird. 1965) and m gumea
plgs and cats (Romand et al. 1970 and 1971)
Lag of gross neunal potentul after CM of this
interval is probably a general feature of mam-
malian development.
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During maturation the earliest eighth nene
potential responses signal the begmning of
function of the synapsc between harr cells and
aflferent endings. We compared electrophysio-
logrea! and electron microscople findings og
symaptic function and found that morphalogc
mataration (both affercnt and efferent) pre
ceded functional capability by about 2 or 3
days. The delay can not be aseribed to central
pathway immaturity because the pathwoy k
electrically exaitable at an earlier stage (Marny
& Thomas, 1963 Pajol & Marty 1968) More
over an already forward process of myelim-
tion can be noticed around the lamina spirals
fibers, before appearance of potentials (Figr
18-20). Two explanations for this delay hne
been consudered: First symaptic function de
pends on complex Interactions involving trans-
mitter substance nactivator specral mem-
brane characteristic and proper extracellalar
fluid. It would not be surprising 1if one or more
of these essential factors appearcd at a later
time than the synapse attained morphological
maturity Secondly the number of nerve end-
ings may be insufficient and the quantitathe
aspect may be important as In other parts of
the maturing nervous system (Aghajanfan &
Bloom, 1967) The AP represents the simuk
taneous discharge of a number of nerve fibers
and a critical number of nerve endings ma)
be required. Quantitatrve data would be needed
to solve this question

Synaptic development in the organ of Cotti
1s similar to the genera! petiern deseribed for
other portions of the nervous system by such
authors as Glees & Sheppard (1964) Bunge
et aL (1967) Woodward et sl (1971). The
membrane thikens first, followed by an i
crease in the number of synaptic vesicles and
mitochondria. In 1958, Engstrdm clearly d¢
scribed the flat cisterns that are found oppo-
shte efferent endings 1n cochlear hair cellt
The synaptic rod that »s seen opposite afferest
endings was depicted by Smith & Sydstrand m
1961 The final stage of maturation of B¢
nearo-cpithelial auditory symapse is the ap-
pearance of synaptic rods and Mat custerns.
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TYPES OF NEURONAL ACTIVITY IN THE
INFERIOR VESTIBULAR NUCLEUS

J H Ryu and B F McCabe

From the Department of Otoleryngolory end Maxillofecial Surgery Collepe of Medicine
Untrersty of Jows Iows Cly fowa, USA

(Recetrod September 18, 1972)

Abstrect Activity of 150 slngle unity in the inferioc
vegfbubsr mockers was simdied and potrom wers
clanified sccocding o thelr respoase. The Tesponse
of newrons 40 & comtant horizontal sccelena
Uion and decrieration of 4 /sc' revealed that 40.7%
o thoss foond did pot revpond 10 thiy stimuloe. Thess

tmervatiog semdefrouler ducty,
and type II (Z73%) rwuroos are most lkely projec
tiom cnto the poclews from the boriroutal semd-
circolar docts via cocwndmaral pathwsy Ounly one
type Tl meuron and thres type [V nourons were found.
The formar mre hkely rehtdm\hccﬂ:rtmm
and the Jatter to amber

certaln nucled in the brain stem (Brodal &
Hgivik, 1964 Nyberg-Hansen, 1964 Scheibel
& Scheibel, 1958 Trincker 1961 Yules et al,
1966)

The inferior vestibalar nuclens (IVN abo
called the descending or spinal vestibular nu-
cleuy) {s larger than the three other vestibralac
nockl and most of its neurons are small to
medium-tzed. Anatomucal stodles show that
the IVN recelves fibers malaly from the otolith
organs (utricle and saccule) and only its rostro-
medml parts receive some fibers from the

The
of I far fewer ja this pockm than
the medial oockm.

Tt has been already revealed that cach ves-
tibular mocleus fs divided into rones whose
cells receive different jnpet from different
sources (Brodal et al, 1962 Gacek, 1969 Stein
& Carpenter 1967) and they differ in thedr
properties and connections. In genemal, the
vestibular muckel recerve Input from the pri-
mary vestibular fibers, and ako have fiber con-
nections to and from the followlng reglons in
the central nervons system (CNS) cercbellum,
cerebram, reticular formation, spival cord and

stndy was supported by Grant N3-06875 from the
Nutloval Instituts of Neurological Discasee and Stroks,

i ducts (Gacek, 1969 Stein & Car
penter 1967) Abo fibers from the cerebellum
supply the entire TVN (Brodal et al, 1962),
and a rclatively modest nomber of spinal af
ferents end here (Pompeiano & Brodal, 1957).
In addition, Its ventral portion receives fibers
mainly from the contralateral IVN and some
from the other three contralateral vestibular
nuclel via commissural fibers (Ladpll & Bro-
dal, 1968). The TVN recerves fibery from other
sources 23 well (Cahal, 1909 Torvik, 1956)

In previous studies the response of 128
single nenrons in the medial vestibular nucleuns
(MVN) to ealork stimmulation (Ryu et al,, 1969)
and 150 in the lateral vestibular muclens (LVN)
td rotatory stinmulation (Ryn & McCabe, 1971)
bave revealed some knowledge of the neural
activity fn the vestibular nuclear compiex. The
experiments reported herein are coficerned
with the effect of rotatory stimulation-of the

Acst
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Fir 1 A block disgram shos Ing the recording system,

horirontal semicireular ducts on the activity
of singke neurons n the IVN with special
fon to the rel hip between the

morphology and physology of the vemtibular
system

METHOD

Experiments were performed on 33 edult cats
welghing 20 to 3.0 kg. Each animal was
anesthetized with an mntraperitoneal inpection
ol 35 mg/\g pentobarbilal sodivm, and the
cat was fixed 1n a stereotaxic apparatus. A tre
phine was made over the posterior cranum,
and the bany tentorium partially removed from
~ach side An Insulated tungsten microelec

»de (impedance of 0.5 to 2.0 megohm) was

Y ~d stercotaxically in the area of IVN
nrough the treptune and the cerebellum, using
coordinates from the stereotaxic atlas (Ber
man 1968 Smder & Niemer 1961) and Bro-
dal's cytoarchitectural studies of the vestibular
nuclei (Brodal et al, 1962)

The resiing activity and perstimulatory ac
tivity and resp were the p s of
interest and the results were anabyzred with an
on-lne instrument computer (Fabri-ck 1062)
for a frequency histogram of discharges. The
action potentlals (spikes) were dssplayed on an
oscllioscope and recorded on an mstrument
tape recorder for data storage and for future
amlyss (Figs. 1 and 2) Audio monitoring was
employed routinefy The frequency histogram
of tpikes was displayed on the X Y oscilloscope
and printed out on the hodak linagraph paper
using » high speed printer

Acta Otolaryng 76

When single nenrons in the inferior vesti
bular nucleus were found resting activity was
recorded (Fig. 3) for a period of 60 s,
and then the animal was subjected to a cop.
tant horizontal clockwise angular acceleration
of 4 [sec? for 25 seconds, followed by an equal
and opposite deceleration The initial and final
velocities were 0% fsec with a peak vefocity of
100 /sec at the end of accelerntion phase, At
the site of the laststudied neuron n cach at,
2 small electrolytic lesion was made and the
brain stem was removed for serial sectioning
and stalning (Kltver & Barrera method) The
focations of the neurons studied, but not
marked electrotytically were determined by
using the Jed il of the locath
af those neurong.

RESULT

Neural respanses to a rotatfonal stumulus of
a toial of 150 single neurons in the infenor
vestibular nuclens were sindied. Al nevrom
recorded were tonke ncurons (spontancously
gcilve) and some varlation in resting decharge
rate was noted from unit to unit in the ame
preparation firng mte ranging from I 0 spikes
per sccond (sps) to 138 sps with overell avernpe
resting frequency of 23 sps. Neurons were
classified according to their responscs (Table 1)
to lopetal and Nofugal flow of
endolymph and this classification of neusoms
way used previously {n the studies of medal
and lateral vestibular nuclel (Ryu et al, 1965
Ryu & McCabe 1971}

Distribution of neurons according to type
44 (293 ) out of a total of 150 neurons were
type 1 41 (27.3%) were type 11 1 (07 )
was type 111 3 (20 ) were type 1V and 6}
(40.7%) were type V The averoge resting
frequencies sccording to their type were 27
sps for type I 21 for type 11 30 for type 1Y
18 for type IV and 21 for type V (Table I
Histologreal study showed that most of the
neurons studied (129 ncurons) were welt B
side of the IVN 15 neurons are near the
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boundaries of the IVN snd the remaining
6 were oatside the IVN boundary The six
units that fcll ontskde the osually sccepied
boundaries of the TVN responded to the given
stimulus, hence were not excloded {rom the
study

DISCUSSION

It appears that the main source of afferent
fibers to the {nfenor vesthaler nockeus Iy the
vestlbular endorgan (Cacek, 1969 Steln &

2.

35

=

cewy

Fig 2 Dirplay of recording
and amalyriog testruments.

Carpepter  1967). Accordmg to them, the rost
romedial portion of the IVN recedves fiben
from the ik dacts, the &
portion recefves fibers from the utricolar ma
cula, snd the domolateral portion receives
fibers mainly from the saccular macnls. In
addinon, the caudalmest portion of the IVN
recefres & relatively modest nomber of spinal
afferents (Pompclane & Brodal, 1957) and
{ibers {rom the cerebellum (Brodal etal, 1
the medial portion of the VN recerves

diat
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from the higher centers (Szentdgothai & Rak
kovitz, 1958) and the ventral portlon receives
commissural fibers maunly from the contra
Iateral IVN and some from the r ing three

significant number of type I neurons (neuro
showmng mcrease m firing rate when the hor
zontal cupula of the samc mde deviates t

1 1 direction and decrease in firin

contralateral vestibular nuclel. The inferfor
vestibular nuclenrs also recerves fibers from
the reticular formation (Lorente de N6 1933)
2 few fibers from the mandibular nerve (Tor
vik, 1956) the glossopharyngeal nerve (Cajal,
1909) end the cranialmost cervical dorsal roots
{Caorbin & Hinsey 19315 Yece & Corbin, 1939)
Based on those anatomical findings, most of
¢ single units 1n the IVN should not respond
the horizontal seruchrcular duct stimulation
!‘l)d belong to the type V groap (no change in
1eural activity to either direction of cupular
deflection). Some nenrons 1n the rostromedial
patem aof the noclos shonld regoond 1o
rotatory stimulation. However we found a

rate to ampullofugal direction, Crampion®
“Ewaldian unit”} and type II ncurons (neoro
showing their response opposite to type L
Crampton s “non Ewaldmn unit”) and ane
type I nenron (decreased response to either
direction of cupula deflection) and three type
IV pearont (Increated response ta euther direc
tion of cupula deflection)

Type I and type 1T neurons are second-order
neurons in the vestibular noncker (Shimam &
Precht, 1966) which are coanected with re
ceptors In the semicircular ducts and activated
by cupula deflection. Qur 44 (293%) type 1
nenrans in the TUN are meat likely comnested
directly to the primary vestibular fibers inner

Table I Chassffication and distribution of neurans in the infertor vestibular rucleus according 1o thetr

tor

AITow Up mesms an mcresse n frequency of action potemtals occinred, arrow down, decresse NL.C., po changs

Responses 1o rotatory stim-
uhaton
—_——————————~ Nood Averags frequency
Types accoieratcn dectieration peuroes Percent {spieyfaec)
1 i I “ 23 77
o T 41 73 2
ut ! ! 1 o7 0
v 1 3 .0 bt
A4 NC. N.C 61 407 pi
Totl 150 1000 23




Neuronal octivity In inferior vestibudar nucleus 15

vating the horkrontal semicireular ducts. Our
41 (27.3%) type II neurons are connected
elther directly to the fibers innervating the
superdor or the posterior ducts or more likely
fndirectly to the fibers of the horizontal duct
via commissural fibers ongmating from the
contralateral vestibular nuclear complex, shce
the vertical canals were strmulated minimally
if at all in this cxpeniment. Seventyfour of
the &5 type I and I nenrons responded to both
clockwise and coonterclockwrse direction of
rotation with speeific polanty and remaining
11 neurons responded cnly to one direction
of rotation.

There was only one type III neuron in the
YN The number of type TI neurons in the
IVN & far fewer than In the medial vestibular
nucleus. Type 111 neurons may be Innervated
direetly from each end-organ without an in-
tercalated mhibitory neuron or its response
may be medmted through efferent vestibular
system. The latter supports anatomfc and neuro-
phyuologic evidence that there are efferent
fiber connections from the vestibular nuclet to
the end-organ (Sala, 1965).

Type IV ncurom m the vestibular nuclei ex
hibit an increase i actvity after vestibular
sumulation regardless of direction of rotation
(1e., no specific polarization) They respond
to sensory stimuli such as pinching the ear or
pulling a whisker These ncurons are thus non-
vestibular m function, and probably connect
to erther pain recepiors or the reticular forma-
tion. The Iatter supports the finding of Duens-
mg & Schacfer (1957) who suggested that both
type III and type IV neurons are functionally
related to the retcnlar actnating system. The
nomber of type IV neurons in the IVN
much less than in the MYN

The average resting frequency of ningle vmits
m the inferior vestibular nucleus 15 23 spikes
per second which ks the same as the average
resting actmty of MVN neurons but lower
than that of LVN neurons (39 sps). One of
the reasons for this low resting activity In the
IVN bs Jow resting activity of type V neurons
21 sps), which comprise over 40% of its

population. Also, the resting actmty of other
types In the IVN is lower than the resting
ectivity In the MVN and the LYN 1f our
type V ncarons have a direct connection with
the utricule and saccule, the resting discharge
rate of the otolith organ h lower than the
other vestibular receptors.

ZUSAMMENFASSUNG

Jm orteren Vextibularklern warden die ALthitlt yon
amtersocht

Neuroom sie kivmen i der Heoptiache
Prokltioen vou den rom UnMTen

+ scin. Die 1 (29.3%) schel-
pen cireht mit den primiren Vi mern, dic
e v

erbunden
ru soin. Die IT-Nevrooen (°7,3%) slad hichytwahr
xhanﬂch?mklﬂoummmrldkm\mtnbcﬂ-
Eher efre 1

bhdnn;.\anTm]ﬂru:d'mcthmnd
yom Typ IV wurden 3 Neoronen gefunden. Die

ervieren sichen w. met dem cfferenten
Sys&manrrH.ndun'l:ﬂdxlcmnmmkdcrnmm-
sersochachen Integration. Die Zahl dieser beiden letrien
Type ist bm tmeren \esnbolarklern welt peringer
als bm medialen Kerm,
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FLUID SPACES IN THE SENSORY EPITHELIUM OF THE
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0 wnmber and found exciostwly Lo ths crminal region
Similer fhuid

within the myelinated rerve axom was dhcowed.

The cochlear sensory epithehium—the organ
of Cortl—contains the tunnel space and Nuels
space which are mid to be filked with corth
lymph (Engstrom, 1960) which differs from
the endolymph fn its fonic and other compost-
tlons, On the other hand, the vestibular sensory
eputhellum has usually no special intra-epithel-
ml spaces {n ity basic structure. Recently how
cver Lindeman (1969) often found Intra-
epithelnal spaces In the striotac of both maculae
utricull  and sacculi and sometimes centrally
in the cristac ampullares of guinea pigs in his
systematic and quantitative study of the ves-
tibolar semsory eplthelium. Lindeman sug
gested that these spaces are filled with a special
flnid The true naturc of these spaces iy,
however still unknown

In the present study these intra-epitheltal
spaces were investigated in guinea pigs by
means of the light and electronmicroscope

2- T304

with special reference to their relationship to
the sensory cells and the nerve fibres.

MATERIAL AND METHOD

Five young (the exact age Is unknown) non-
albino guinea pligs weighing about 300 g were
used In this study Within 3 minutes of decapi-
tatlon the inner ear was fixed for electron
micrascopy by immension [n a 3% glntar
aldehyde solation buffered at pH 74 with
01 M phosphate buffer for 1 hour at 0 C.
Under the operation microscope, three am-
pullae were dissected ont from the bony cap-
sule 1n the above buffer solution. Afterwards
the tiue was fixed with 2% osmmum tetronde
{buffcred with 0.1 M phosphate baffer at pH
74) for 1 hour at 0 C. The tssue was then
rapidly dehydrated in cthanol, embedded in
Epon (Luoft, 1961), and scctioned I three
planes. The ultrathin sections were double
stuned with an aqueous solution of uranyl
ecetate Jollowed by a kead mtrate solutlon am
Reynolds (1963). They were stodled with the
electronmicroscope (Hitachi HS-8)

OBSERVATIONS

Light microscopy

In the sensory epithelm of the cristac ampul-
lares of all cxamined animals, flold spaces
were detected exclustrely in the epithelfum

Acta Orolaryng
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of the central region of the crista ampullarls
(Fig. 1) They were usually from 1 to 5 fn
number and from 10 to 25 xm 1n dlameter

T
| PR

Fg 2«
Fig 2 (a) Ove scnsory cell of type I was riding upon

varylng in size and shape from one to as-
other These spaces were found in the fower
part of the sensory cpithelmm just above the
basement membrane. These spaces were usuah
ly narrower basally and wider towards the
surface of the epitbelum. They never reached
quite up to the surface of the epithelium
Thrck myelinated nerve fibres were found
running up to the base of these ntra-epithelial
spaces. One of these nerve flbres, messurmg
about 10 xm in diameter contalned a similar
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Jong fluid space within the fibre before enter
ing into the sensory ephthelum (Fig 3)

Electron microscopy

Fluid speces were all found in the nerve axon
within lbewnmryepllhehm'l‘hcllnln;“ﬂs
of these intra-cpithelial spaces were the nerve
axons within the sensory cpithelmm after Jos-
Ln[lhcumytllulhtl'.h}.'l'hl:]inm;wﬂ]nf
one space 10 far as revealed in the present
study connsted of ome merve axon which
never enelrcled the spacc but contalned the
space in ftself Thus, these spaces appeared
as large vacpoles in the intra-epithelial nerve
axons.

Peripheral to this space, the nerve axon gave
rise to a few nerve chalices fanervating bottle
shaped type I (Wersill, 1956) scnsory cells
(Fig. 2) Often 24 nerve challces were found
to dertve from onc intra<pithelial nerve axon.
In these specimens, one or two chalices were
found just above the fluld space but others
were further away from it to some extent.

On the polnt of penctratron of the nerve
fibre, the aron containing the space was in

Fy 3 In the avon of the thick myelimted pervo
ibre, & wide flwld pace (errow) was alwo found befors
entering Inio the epithellnm. 400

direct contact with the besement membrane,
loning Its Schwann cell sheaths. In other places,
however the merve axon was found to be
separated from the basement membrane by a
few supporting cells. These supporting cells
Interposed between the bascment membrane
and the intra-epithelial axon constituting tho
basal wall of the space. On the bewcmxnt
membrane these supporting cells formed a
rosette-like arrangement around the pomt of
penetration of the axon through the basement
membrane. The mocler of these supporting
cells were found in the cytoplasm beneath the
space. It was not confirmed, however whether
or not all these supporting cells reached uwp to
the murface of the ¢prthelium.

The axons and the nerve chalices contalned

Acta Otoleryng 76
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Flg 4 Flud space in the perve aton within the
Jibelh ‘axon ocmal irl

vesicles, fllaments efe. x 2 400,

# 1y vesicles, mitochondm and some fila

Znts {Fig. 4) The surface of the mtra-cpithel-
al axon facing the spacc conshted of ome
unit membrane which was usually smooth but
sometimes finely rregular with occasional fila
mentous protrusions into the space.

In one specimen the iniracpithelial axon
and the nerve chalice contained an amount
of degenerated mitochondria, uregular dense
debris, abnormal particles of moderately or
well-organized lamellation figure varying in
sire and shape.

In the bottleshaped sensory cells of type 1
embedded in this nerve chalice, a few mito-
chondna were found to be swollen with an
mterrupted internal membrane system and the
cytoptasm appearcd denser with the ecll dim
mbshing in sze (Fig 5). The sensory cells of
type I just above the fluid space were con

Acts Otolaryny 75

spicuomsly shorter 1n height with the wide base
of the cell ridimg upon the space. Sometimes
other typex of deformitics of the basl pan
of the cell were also found In these sensory
cells. The sensory cells of type I nnervated by
these nerve chalices, however usaally showed
no remerlable depenerative changes in the
cytoplasm containing normal nucler, mbto
chondria, dopl reticula, rib

veskles, Golgl apparatus and sometimes round
porous bodies of high electron density as axe
often found in normal sensory cells.

In two specimens of thick myelinated nene
fibres ronning up to the summit of the crsh
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tve changes. The myefm sheatty were abo well

F (30 of the axon
imo i space were seen. 3 400,

ampullarls, simflar flukd spaces were also found
within the axon before entermg through the
basement membranc (Fig. 6) These spaces cx
tended longitudinally in the axon occupying
more than three-fourths of the entire dameter
of the Iamellation ring of the myelln sheaths
These spaces ended Just before the axon en
tered into the eplthelium and no fluid space
was detected within the axon In s course
through the basement membrane. The axon

d many normal mitochondria, vesicles,
oeurofilaments and sometimes several lamella
non bodies of tugh clectron density The sar
face of the axon facing the flnd space was
rather smooth and consisted of ¢ne unit mem-
brane In the flud space = few {llamentoos

protrusions coming from the axon were often
found. The myelin sheaths of these nerve fibres
were wellorganized with no structural de
formities.

DISCUSSION

The membrancus labyrinth Is small, enclosed
in the hard bony wall of the temporal bone
Because of the complex structure of the laby
nnth, especially its vestibular part, ft 15 not
always cary to make onentation in the opern
tlon. Farthermore, it is more difficult to frrl-
gate the fixatives in the vestibular part than in
the cochlear part. This means that the tisme
of the vestibular labyrinth would often show
post-mortem degencrative changes wiuch must
be excluded in a normal worphology Thus,
in the semsory cpithedmm of the vestibular
apparatus, artcfactoal spaces would be pro-
duced duc to poor fixation (Kolmer 1927
Steurer 1926).

In the present study the spaces were found
in the submucroscopleally well-preserved sen
sory cpithelium. In spte of the preseneec of
spaces in the nerve chalice, for matance, the
scnsory cells embedded in It showed no e
markable post mortem degeneration. This also
indicates that post mortem changes were ex
cluded in this study

Kolmer (1927) detected small intercelular
paces between the base of the sensory cell
and the basement membrane due to poor flxa
tlon The nature of thete spaces, however &
not correspand to that foand I ths study
Wemer (1933) first reported the presence of
the cystic spaces m the well-preserved sensory
cpithelium of the macula utricull in normal
gulnea pligs. He found these spaces exclusively
in the striola of the macula utriculi. Nenman
& Nenbert (1958), however found no such
Cystic spaces in the normal sensory epithelium
of the macula utricoli at all. They detected
these spaces only In the central region of the
macolx utrcoll of gumea pigs treated with
Rreptomyein compounds. These spaces were
thought to be prodoced by swelling of the
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basal part of the sensory cells in the process
of degencration.

Recently Lindeman (1969), however made
a comprehensive study of the sensory regrons
of the vestibular apparatus and confrrmed
Werner's (1933) finding of these intra-ef

allal

dense debris and abnormal particles of moder
ately or well-organized myelin figures, lurta
(1967) was of the opinfon that these cel] b+
clustons were degenerntion products doe #
aging or senile alterations. In other specimens,

spaces in the striola of a norma! macula utn-
cull. According to Lindeman (1969), these
spaces, varying in stze and shape were wider
towards the base, narrowing towards the apex
and they did not reach the surface of the
eprthelium. The spaces were found less fre
quently In the striola of the macula saccull
and sometimes in the central part of the sen-
sory epithelium of the crista ampullaria.

Lindernan (1969) presented an  electron
micrograph of one of these spaces in a hori-
zontal section, showing the cytoplasmic hining
around the space. It was not possible how
ever to {dentify tho nature of this surround-
ing cell

In the present study these fluld spaces were
found m the central region of the crista am
pullaris in all the cxammed anfmals. They
were identified as the spaces m the axon or
in the nerve chalice of threk nerve fibres in

¢ sensory cpithellum after losing thelr myelin
’ELlu. Similar spaces were often observed
1 the axon of the same myelinated nerve fibres
also before entermng tho epithelium.

It i not known whether these spaces are
normal structures of a special fonction at all
Lindeman (1969) suggested that these spaces
in the vestibular sensory area are filled with &
special fluld different from both endolymph
and perllymph in its composnition.

A more probable concept is that they are
produced by degencration of the nerve fibres
or of the sensory celly. If these spaces aro large
vacuoles exclustvely confined within the nerve
axons so far as confirmed m the present study
it 13 more concervable that these spaces are
the result of degeneratrve changes In the nerve
axons (chaiices)

In the present study one nerve chalice
porsessing the intra-—cpithelial space contained
many degenenated mitochondria, irregular

Acte Otolaryng 76

no such & ive products wenr
found In the nerve fibres or In the pem
chalrces. A more deflnite and quantiatme
cvaluation of these spaces is necessary in the
wpecimens of the aged animals as compersd
wnth those of the young ones.

Wersl] (1956) found in gwnea pigs thid
nerve fibres of 6-9 xm in dmameter running
up to the top of the crista finally giving rie
to 3-4 nerve challees in the epithellum. A
according to Lindeman (1969) and Watanod
& Meyer ann Gottesberge (1971), several sen-
sory cells {(usually 2—4 in number) of type I
were often found to be eneircled in one nerre
chalice in the central reglon of the ensh
epithellum. If oae of these sensory cells, which
are known to be most fragile In kanamych
and streptomycin ototoxicoss (Watanok! &
Meyer zum Gottesberge, 1971), falls in collape
after degenerntive swelling of unknown eto-
logy a collapse space might temporarly b
found in the nerve chalice. In the preseot
study however no cell debris was found i
the fluid spaces within the intra-cpitheial nerve
axons. Furthermore this assomption caonol
explain the nature or mode of origin of 1
fluid spaces in the nerve axon before cntering
into the sensory cpithelnum.

ZUSAMMENFASSUNG

Es wurden dio Fllsigketrsrdume tm Sinoesepitbel der
Cria ampulars bef Meerschweinchen licht md
ey opech Dicw  Flowle-
Leftarfume fanden sich im ephbelhken Nerrenawd
oder tm ZellkBper seibst. Sle erschiénen wis groee
Va\nclenlndenﬂeurh:n.vmdemndh:kt.mﬂk;
ticrte Nervenfasern amngeben, Dicxe Raume v

1-5 an der Zahl wurden pur b der Zemrulgepend

ampallars gefonden. Ab und wm fuded
tich aholiche Flusighcttziums im Azon der
derten, dicken Neovenfasern unter &7
bran.

F3 wurde die Natur oder die Entstehumg dicset
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hatreepithellalen Fl“ﬂ.:ﬂ:nmll:ﬂd‘iu:rhl
myelinhlerien, dicken Nervemaxon gefundenen Flis-
slgkeitsrhame
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Aburect The eosation of sif-rotation (clrenlar
vectlan} was produced by rotation of a stripe pattern
to the left of to the right at constant angular veloclty

During arcolarvection, subjecty were a0
celersted fn constamt accelermtlon seps. Th. mejor
findings are:

1 Thresholds for detection of angalar acceleration
aro mhed when this saccclemation b opposts to the
directon of circularvection. Times to detect theso

are similarty b

— Magnitude estimates of angular velocity show
the effect of 8 vimlly Indoced velocity offset which
b dightly by In the

ame direction and  decreased markedly when the
vaﬁbuhrmmhthzdlmﬁhnopm-m
etf-rotation.

3 Many of the efferts of anghar accaleration on

ceived velocity are sccumtely predkted by the
daptation model of the vestfbular system. However
an important nonlmear interaction exists whereby

wection and temparary domlmation by the vestibular
respose,

The sensation of s¢lf motion can be produced
not only by vestibular stimulation, but also
by exctation of the visual sense and by
acoustic and somatoscnsory stimuli as well
Among the extra vestibular cues, visual motion

This work was supported bry NASA Grants .2 005-136
and _.-009-701 J Dichgans wms wpported by ths
Deutsche

wnformation is by far the most powerful. Large
moving scenes therefore are used in rotion
pictures, novelty rides, and fhight simulators
to produce remarkably strong fltustons of me-
tion through space (Barrett & Thornton 1968}
Motion Musions resulting from combmations
of conflicting visnal and vestibular stimuli i
aviation and space are well known and oax
cause serious disorientation

Detafled quantitative data on interaction of
visual and vestibular inputs and the site of this
interaction are still lacking This paper &1
anunes quanttstively the perceptual effects
of visually Induced seH rotation on angulst
velocity sensation via the non vinml (especally
vestibular) senses and, conversely the inter
action of actual body motion with the visually
induced motion sensation.

Although the sensatlon of sclf rotation &5
socrated with visual stimuly has been observed
for rotations ebout vertical (Fischer & Ko
miiller 1930 Brandt et al, 1971) as well &8
horizontal axes (Dichgans et al, 1972) thi
paper restricts itself to discussion of experk
ments in which the visusl and vestihr
stumnll represented rotation about a vertial
axis. The sclf rotation sensatlon is, in many
wayy, Indisth k from a vestibular sense

Slmn Fou-ndlﬁou and the
Jrachaft (Sonderf h & 701'1'b.Brnnd.t
was supported by the Franhofer Gesclhehaft.
Present mddresr Det of Neurology and Newro-
Uchversithit D-78 Freibarg, Hamastr %
West Germany

Acts Otolarynt TS

tion which might result from true sngukf
acceleration in the dark. Perhaps most remark
able is the “pseudo-Corlolis effect™ described
by Brandt et al (1971) and by Dichgans &
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Brandt (1972). Rolfing the head wdeways to

itad:

estimath of his own angular

the shoulder during visually induced self-rota
tion abont a vertical axu results in a sensation
of pitchung forward or back similar to that
sensation caused by a head motion made dar
ing a prolonged constant angular velocity of
the body about a vertical axjs.

The cxtensive literature on other motion
iltenons assoclated with visual and vestibular
stimull I reviewed by Peters (1969) and by
Howard & Templeton (1966).

Mathematical models which describe the
transformation from angular sccekermation to
sensation of angular velocity have been devel
oped and tested for a wide varkty of cases
especially in rotations about a vertical axis
(Young & Oman 1969). These models arc
based on dats obtamed whilke excluding visual
input. Some quantitative Informaticn also
exists on the relationahip between pure visoal
stimulation and sensation of rotation In terms
of the gain of the system, time delays to omset
of circularvection, and the duratron of circular
veetlon outlasting the viual stimolos (Brandt
et ol 1973). Virtmlly no quanttative data
or models, however exhst for the interaction
between circularvection and vestibular stimola
ton.

The purpose of the experiments described
in this paper is to answer the followmg ques-
tlons concerning simultancous visual and ves-
tibular rotatson stimul! about & vertical axix
m Dua circularvection alter the thresholds to

ti fon? (2) Can a lar
stimmlos suppress clreularvectson? (3) Do the
contributions of vestibolar and visml stiomuli
add linearly?

METHOD

The cxpermments entafled the projection of
moving striped patterns on the front and side
windows of @ modified arrplane flight il

velodtylbouttb:verthllxh.}lenkoin—
drcated his perceived direction of acceleration.
The moving base simulator was modified from
a standard Link GAT 1 flight tralner to permit
independent control of angular motlon about
all three axcs under the command of a hybrid
computer The simulator s capable of un-
restricted displacement about the vertical axis
at velocltics up to 365 deg/sec with no notlee
able discontinoity when passing through zero
velocity The subject was scated in the trainer
and used a comfortable headrest which mah
talncd the head in a normal upnght orfenta-
tlon.

The vsoal stimulus was generated by a
modiffed Kodak 600 slide projector equipped
with an endless loop 35 mm film strip doiven
by a dc serve motor A pattern of vertiaal
black and white stripes, cach subtending 138
arc minutes, was projected on the front and
wdde windows of the trainer and translated hor-
zontally The horbrontal visoal angle subtended
by each side window was 52 degrees and that
by the front window was 84 degrees. The win
dows covered 52 degrees of visual angle
vertically The stripe velocity was either zero
or 11.5 deg/sec.

A large iluminated dial placed 31 degrees
below the horzontal was utilred by the sab-
jects to Indleate magnitude estimation of
angular velocity It was equipped with metal
posts to permit its use In the dari. The de
prewed angle of thit dial permitted the moving
pattern 16 be entirely viewed peripherally
It had a range of + 20 arbitrary units and was
calibrated by cach subject at the beginning of
the experiment. The dial mdicator was oper
ated by the subject s right hand. With his left
band, he used a three position switch w indi
cate the percelved omset of angular accekera
tiom to the left or right. Every cffort was taken

whuch, in turn, was rotated throngh a series of
constant sceeleration steps. The subject, seated
inside the trainer with no view of the external
surronnd, was required to make contmuom

to clr any cues from the
visual sourees or sounds. Each experiment was
run entirely under computer control
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EXPERIMENTAL PROCEDURE

Fonr expermmental conditions were utilized,
entailing different visual shmuli These con-
sisted of (1) stripes moving to the left at 11.5
deg/sec (SL) (2) stripes to the right at 11.5
deg/sec (SR) (3) stripes statlonary (SS) and,
(4) subject blindfolded (B) Five subjects par
ticipated in the experiment. All of them were
used to making conslstent magnitude estima
tions, and all had normal vestibular function
The order of presentation of the four experi-
mental conditions was balanced to climinate
order effects.

Tso measures were taken during the experi-
ment, a continuous recording of velocity
1mgnitude estimation, and an indication of

? time and direction of sensed acceleration
, sgnaled by the three position switch. To

e habin bk

never recetved
more than one experimental conditlon (kess
than 45 min) per day Subfects were fstructed
to avoxd head motion, while fixatmg the -
luminated dial. They were reminded that they
might frequently fee! that their apparent velo-
city had been changed without actually having
noticed any acceleration.

At the outset of each expenmental trial,
the magnitude estimation was callbrated by
starting the flim and having the mbject track
his estimation of velocity with the dml The
subject used a reference pant 0 for no motion
and +10 for the steady state self rotation at
the 11.5 deg/sec film speed. This last estimate
was found to equal film speed by counting
subjects Indications of 90 degree angle incre-
ments. Once steady self-rotation was obtained,
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and indicated es 10 the subject was told to
return the dial to O and close his eyes. After
vajting 20 sec, he was told to reopen his s
and immediately begin to track his velocity and
signal eccelerations. At this point the program
to generate test acceleration steps was started

In order to converge on vestibular thresh-
olds, a sequence of stimull modified from
Clark & Stewart 5 (1968) double stamrcase tech-
nique was used. Acceleration tests approached
threshold by two starrcases, one from below
and the other from above When a step was
correctly identified, the subsequent trial from
that stalrcaso was presented at a Jower Jevel
Similarly when a step was missed or incoc
rectly rdentified the following step from that
stalrcase was incremented, To converge m-
pldly increments of acceleration were half the
size of the decrements for the staircase starting
at high sccclerations, and vice verm for the
staircaso starting at low accelerations (Murphy
1$72). Mimmum acceleration Increments were
0075 deg/sec* Thresholds to the kft and
right were determined fndependently

RESULT

Interactions in velocity perception

A typical record of the calibration and onset
of circularvection without any trainer motion
is shown In Fig. 1 The onset of circularvecton
usually takes place over a § to 10 se¢ period;
increasing rapudly toward an asymptote The
sensation of self-rotation corresponds fo the
stimufus velocity and often results In the per
ception of the stripes being stationary I
space. Fig. 1 alwo indicates tho charactenstic
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waxing and waning of circularvection durng
constant velocity pattern motion. Following
stopping of the film, with eyes open the
clreularvection Iasts for an additional 3-5 see,
and decays quickly It o followed by & pro-
longed aftereffect of sensation of slow self
motion n the opposite direction to the origlaal
ciccularvection, lasting up to scveral minutes,
During this last period the vism! motion after
effect umally is not pereeived but may altey
mate with circularvection.

A 31 of represcniative records of sabject TI
n thown In Flg. 2. The upper trace in each

poction of the figure represents the angular
velocity of the tralner Maximum trainer velo-
cty was 9 deg/iec. The sccond channel re
cords the sublect s continoous magnitode e3-
timatlon of his angular velocity The reference
line represents hbs magnitode estimation of 10,
correspondmg to his callbration of self-rota-
tion sensation at the ntripe speed of 11.5 degf
sec. For the film moving to the dght (2d)
the magnitode estimate it biased to the left, in
the dircction of circularvection. The heavy
line on channel 2 ks the cutput of a com-
puter model which dmulates the vestibular

Acte Owlarynz 16



28

L. R Young et al

Table 1 Tkresholds for detection of body angular acceleration ba deg/secy wunder rartous tissal stiwod!

SL, stripes kelt; SR siripes right, SS, stripes stationary B,

’ for

in the mean threxhold for

Expertmental condrticn
SL SR
Acc. It Acc. right Acc, 1t Acc. rght
Satgect Mean o Mean g t for mesns Mesn 4 Man o £ for mesey
I .67 024 o [} ] 430 0.60 .19 085 012 2m
I 033 008 0.2 0.10 1.04 ol .08 a3l 010 3156
m 019 a1o 0.08 004 256 a2t 0.06 032 00 23
v 0.69 005 0.13 0.08 1860 o9 o o 007 16
v 048 030 023 ao® 15 0.40 0.07 0.12 006 500

response to horlzontal acceleration. Ths mod-
¢l, based on Young & Oman s (1969) adaptive
vestibular model and using those nominal para
meters, was subjected to the same input stim
ulus that the subject recerved.?

As can be observed from the film-still con
ditfon (25) many of the detailed features of
the dynamjcs of the magnitude cstimation
are predicted by the vestibular model response
However the cffect of the moving visual
stimolus is not merely to bias the response
by the steady magnitude of self rotation but

model can be represented by the following dif
'f/:renth.lcqmllm.

e (1)
L
where o) s the sented anguler veloclly and ol b

the imposed angular scoeleration.

--(I)+CL05‘-:(L)

.rc(l)&+50a(1)+60)
.

: e
wl s
o \Q~

Vimaas el TO BITRCT ACTIL NATION YD)

also to Interact with the vestibular respons.
In particular at those points ndicated on the
records by L (for Loss) It 1s clear thata
marked reduction In vestibular ountput or ve-
tibutar signal in the opposite duectin o
circularvection causes a precipitous loss fo
self-rotatron The subgects sensation assochted
with Joxs of self-rotation were reported as &
perception of & sudden onsct of motion of the
stripes, withont any sensation of self decelers-
tion. The duration and magnitude of tralner
acceleration required to cancel cireularvection
fs predictable on the basis of the calculsted
vestibular response A change in the direction
of the vestibular output toward the direction
of crcularvection tends to promote an fo-
crease in circnlarvection. This is indicated by
those places that are marked with a G (for
Gain of self-rotation)

AcCHLARA Ou s TICH
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nd righst for each visal b

m=10p<003for s> 1A, indicates difference not slgnfTicant,

5 B

Ace. ket Acr. right Acc. et Acc, right

Mo 4 Mean a tfor pxeans Mean ° Mean o £ for means
04 Q10 032 0.06 pAL) QA3 o7 a4l all ors

013 008 12 0.04 250 [ kL) 017 o4 07 146

017 oo 017 a1l 000t 035 014 ¥ 0m Q.10

0.40 Qi 043 008 oss 033 oos 026 008 179

0.9 .19 07 012 028 o3 oIs 02 81 63

The observation that circularvection and
vestibularly induced rotation do not add lincar
Iy can be quantiffcd by a comparison of the
vestibular model response with the magnitode
estimates. Vestibular stimulation which tends
to conflrm or strengthen the crcularvection
contributes 3 modest addition to the maganitude
estrmathon. On the other hand, a vestibolar re
spome opposite 1o circnlarvection seems to
have a much greater result in decreasing the
magnitude cstimation, even in cases where
circularvection b not completely destroyed.
This cbservation b not an artifact of amy

tde extimath linearity since magni-
tude estimation for circularvection has been
cxtablisired to be Imear over a vefocity range
greater than that tested in these experiments
(Brandt ¢t al. 1973).

Visual influence on ~Vestibular Thresholds™
The effect of cirealarvection on seasation of
vestibolar oputs was cxamined both in terms
of thresholds and the time for detection. As
depicted on the third channel in Fig 2, the
sobject s lndkcation of acceleration lags stim
ulus onsct by a varymg dumtion. For the data
analysis conndered below therefore, the time
delny from onsct of an acceleration step to
correct detectlon of this step was measored.
Fig. 3 shows averaged results for all § sob-
ety in which the time to detect B plotted
versus the magnitude of acceleraton step.
Each data polnt represents the average time to

detect the acceleration within a range of +02
deg/sec® Cases of fallure to detect the accekera
tion or Indications of acceleration in the wrong
direction were assigned an arbitrary tome of
20 icc in cakulating the averages. (Any de-
tection of greater than 20 sec was considered
» failure to detect)

The accelerations to the right and to the
1eft are separated for the SR and SL stripe
motlon conditlons. The left and right accelera-
tlon curves for the SS condition arc repeated
on both balres of Fig. 3 Notlce that the time
o detect an mcccleratlon In the directlon of
stripe motion (opposite to clrcularvection)
tends to be 2-3 sec greater than for the same
accckration cpposite to stripe motlon The
curves for accelerations In the dlrection of
clrcularvection ckacly match those for the
stripe stationary and (not shown) the condition
in which the subject is blindfolded

Indmdual acceleration thresholds for the
$ mubjects under the four experimental condi-
tions ere given fn Table I The thresholds were
calculated by taking the mean of the lowest
sx correctly detected accelerations in each
direction for each conditfon (accekerations
which occurred prior to the eleventh step of
the double stal r dure were
In order to concentrate on the converged
replon).

Notice that {n elght of the ten comparisons
of SL and SR the mcan threshalds were higher
for accelerations in the direction of i

Tuded
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tion than for those fn the directron opposrte
to stripe rotation seven of these differencey
were statistreally significant even with the small
sample. That ks, the effect of stripe rotation
scems to relatively merease the scceleration
thresholds for stimull opposite to circularvec
tion By way of comparson, scven of the ten
cases for the B and SS conditions showed no
significant left-right difference. The data sug.
gest that with a stationary visual scene thresh
alds are lower than with the subfect blnd-
folded.

Desprte the different criteria used I this
experiment than in many threshald experi-
ments (oar sub, were required to lndicat
scnsmation of acceleratron by the switch and
not merely the direction of velocity) the mean
thresholds calcnlated here are close to those
found in other threshold experiments reviewed
by Clark (1967 1970)

DISCUSSION

Previous experiments have shown that visually
fnduced self-rotation imitates a true vestibular
sensation 0 many respects, including the
qualbty of the sensation and the prodoction
wpseudo-Corlolls effects. Electrophysictogical
ng from the vestibular nerve has shown
ﬂf}\-lsuaﬂy wnduced motlon can produce
.als which can mmulate the effect of an
adequate stimalation of the semucircular canals
(Klinke & Schmidt 1970- Dichgans & Brandt,
1972) The present cxperiments cast lght
on the way visually mduced sclf-rotation and
acceleration interact in the sensstion of an
gular velocity about the vertical axis, The first
major result is that threshokds for detection
of angular acceleration are relatively mereased
when that scccleration 15 m the direction
opposite to circularvection. Since cupula pos-
tion is unaffected by visual mpat, this result
ts concinsive evidence that the “vestibular
threshold™ being determmed by measurement

through effercent synapse at the vestibular re
ceptor (Klmke & Schmidt, 1970)

Visual-vestibular intersctions seen 1
magrutude estumatron curves represent an in
teresting nonlinear interaction which wook
be difffeult to explain solely on the basls o
blasing a sensory cell through efferent strnob-
tion. Angular accelerations which produee
vestibular responses tending to confirm an
increase the sense of self rotaton assochte
with the vismal stinulas are given a slighi
weight. On the other hand, acceleration pat
terns producing vestibular stumuli which are
entmely contradictory to the visual stimmlus
Ia directlon s well ar magnitude Irequenty
destroy the self rotatdon sensation precipitions-
ly once they are notrced. Our current mfer
pretation fs that the confliet which can be
tolerated between different sensory systems,
supposedly monitoring the same body motion,
s limited. When the conflict exceeds the
limitations, a central process forces a decition
as to which of the sensory signals is to pro
dominate, In the current expenments, when
the vestibular response is zera or in the direc
tlon of the circularvection the visual mnpat
dominates, However when the vestibular re
sponss suddenly indicates an angular velocly
opposite to the visually induced sensation o
self rotation the circularvection 13 destroyed
or jgnored without any sensation of sudden
deceleration apd the vestibular signal domb
nates for & tme A schematc model of this
mode of visual-vestibular interaction has been
presented earbier (Young, 1970).

ZUSAMMENFASSUNG

Erpendrehempfinduag (Ciriularveltion) wurde darch
Propekien emes horl ! bew

of subfective 1 not y based
on the mechanical properties of the cupula.
The only establithed site of the fnteraction i
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Zhknlrrektlon durch gleichgerichiete,  vestiboldre
Relre oar wenlg zonimmt, wahrend gegengerichicte
Relre de lelcht sufheben.

3 Dus vestibolire Modell von Yourg tod Oman
Lasst rahlred Effckte vou h

voraurmgen, macht aber anch dis Nichtlinearitat
opthch vesthrallirer Interaktion deutfich.
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RELATION BETWEEN STRENGTH OF STIMULUS AND NYSTAGMUS
FREQUENCY IN PATIENTS WITH MENIERE'S DISEASE

E. Fluur and L. Mendel
From the Department of Otoleryngology Karollale Sixlhuset Stockholm Sweden
(Recelved Augoat 30, 1972)

Abst ot Patents with mmilawn]l Menitros dbcase
were accelerawed at 1 2° 4 and 5%/sec” Clockwise
wnd counterd ockwise au:dmﬂcrm were lppucd ater
pately Maximal H

{chschnccelﬂu}m.mnwm-mwmlmtdy

pathents whh Meuldre s disesse had a lower oystagmn
frequency than the healthy sobjects. This shows thar
the mazimal oystapmm frequency cannot be veed 1o

applying calorlc stimull of varying intenuty
and found that some of thcse patkents db-
played vestibular recrultment. In an earler
wnvestigation of patfents with Menidres &@-
ease we studled the latency time, crescendo
time and after-discharge of nystagmus wha
different rotatory accelerations are used. The
aim of the present Investigation Is to study how
n frequency is changed when the in-

Nor can ft be tied to demomstrate vestibular recrult
ment, Nystagomuey freqoency is considered fo be reg-
wiated by crntra other than those regulailng the
latency Ume and the duraton of poststimmlatory
ysagmoy,

rotatory acceleration elkeits a nystagmus

ction that changes in many respects when
otensity of stimulus Is increased. Thus, nys-
tagmus starts after & shorter and shorter la
tency time (Fluur & Mendel, 1966), nystagmus
develops 1ts maximum intensity more rapidly
(Fluur & Mendel, 1970) and poststimulatory
nystagmus 1 successively prolonged (Flour &
Mendel, 1969) Patients with unilateral Me-
nitre s dsease have been found to have nys-
tagmus reactions which, in many respects, are
distinctly different from thosc of healthy per
sons, Thus, patrents with Menkres disease
have vestibular recruftment as regards both
Iatency time and dumtion of poststimulatory
nystagmus (Mendel, 1971)

During recent yeary, nystagmus frequency
has been regarded as a reliable indrcation of
the vestibular function Torok (1969) hves-
ugated patients with MenRres dhease by

Acka Orolaryng 76

tensity of stimulus is increased.

MATERIAL

A coatrol group comprising 22 persons, mainly
persormel of the Department of Otolaryng-
ology were mvestigated. The Menfres ma-
terial comprised 22 persons between the apes
of 26 and 64 years, and the age distributioa
was the same as in the control group All these
patlents had a typical hittory of fits of dizn-
ness, tinnitos and impairment of heanng 0@
aone side The rmpurment of hearing was o
the left side In 14 patients and on the right
side in 8 patlents. Some subjects, however
had slight impeirment of hearing abo t the
other ear but thh impatrment was doe 10
presbyacurhs and affected the higher frequency
range. Fowlet's test was pecformed 1 cach
case to confirm that the impatrment of hear
ing showed cochlear recruitment. All the sub-
jects were also carefully examined by a meoTo-
loglst in order to exclude the poubility of
another diseass In the CNS The Jovestip
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tions were made during perlods when the pa
tients felt healthy had no dizziness, and took
no pharmaceuticals.

Apparatus and mode of stimulation
The subject sat in an ckectrically-driven rolx
tion char with the head secured in a bolder
and inclined 30 forward. The chair's axis
of rotation was directed on a point half way
between the subject s ears.

The expeniment was preceded by a prelim
nary test The chair wes accekerated at 1 /sec?
for 20 sec and, after about 1 min at

out quite a regular increase In frequency when
the acccleration strength was mereased. At
1 [sex leration clockwise the

frequency varied between 1| and 24 beats/10
sec, and the mean value was 9.5 at 2 fsec?
the nystagmus frequency was between 3 and
25 beats/10 sec, and the mean value was 145
at 4 [sec? the frequences were between 8
and 38 beats/10 sce, and the mean value waa
19.6 Finally at 8 /sec? the frequencles were
between 9 and 50 beats/10 sec, and the mean
value was 25 6.

For fockwise leration the re

speed, was decelerated at 1 /sec? to & stand-
still. This peeliminary test helped to familianze
the subjects with the procedure, and served as
a final check of the rotation char and the
recording appamtus.

The actual experiment began with a clock
wisc acceleration at 1 fsec® for 40 scc fol
lowed by at least 2 min at constant speed. The
chair was then decelerated at the same inten-
sty and brought to a standstill. After a pause
of a fow minutes, sccelerations at 2 4 and
8 /sec? were similarly made for 40 sec, 30 sec
and 20 sec respectively

Nystagmus was recorded with silver elec
trodes placed at the outer canthd of each eye.
The jmpulses were transmitted to a mingo-
graph and the speed of the paper was 1 cm/
scc. The time comstant was 2.5 sec and the
amplification was such that 20 4V gave an
amplitade of 10 mm.

The calculation was made when nystagmus
bad reached its maxfmal intensity and then
temalned constant. The first counted nystag-
mus beat was the one, following that slow
phase, which formed the Iargest anghe with the
borirontal zero line (Fluur & Mendel, 1970).
The nystagmus beats were then coanted daring
10 sec.

RESULT
Control material

A survey of the resuits shows that the differ
ent individuals had wide varmtions in their
nystagmus frequencies, but, there was throogh-

I-TIme

fults were as follows: At 1 fsec?® the nystag
mus frequency vaned between S and 19 beats/
10 sec at 2 [eec? between 5 and 23 beats/
10 sec- at 4 fsce? between 9 and 34 beats/sec:
and, flnally at 8 /sec? the nystagmus fre
quency varied between 13 and 45 beats/10 sec.
The corresponding mean values were 11.5
157 19.2 and 25 7 beats/10 sec respecthely

On Increnung the acceleration strength from
1 /sec? to 8 [wec? clockwise, the mean nys-
tagmus frequency increased by 16.0 beats/
10 sec. The corresponding increase was 14.2
bents/10 sec for counterclockwis aceelern
tion.

Patlents with Menfire s disease

About the same uynagmu.l frequencies were
bained when the were directed
to the healthy as to the affected ear Thus,
it acceleration was directed to the healthy car
tho mean frequency at 1 /sec® wes 8.1 beats/
10 sec; at 2 f3ec® 118 beats/10 sec; at 4 fsee?
153 beats/10 sec, and at 8 /scc? 24.2 beaty)
10 sec (Fig. 1)

If on the contrary acceleration was directed
to the affected ear the following frequencles
were obtatned at 1 ,1ec? 8.6 beats/10 sec- at
2 [rect 126 beats/10 sec; at 4 [sec? 161
beats/10 sec and at 8 /sect 228 beats/10 12c.

In 13 cases out of the 19 acceleration to
the affected car showed & successive increass
in nystagmmus frequency on mereasing accelers-
thulmml/itc’to!/n:c’ vb:ruui.n

6 ooy qi v T d wn
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Table 1. Afaximal nystagmus frequency (beats/10 sec) on stimulation at I° 2* 4° ond 8[sect

Caxe Case
oL 1 foec* 2 foec* 4 frect jyec? no 1 frect 2 faect 4 fyect 8 hect
Normolt
Clockwise Commterciock wise
1 9 1 9 2 1 9 16 15 b
2 4 15 19 2 s 10 14 21
3 ] 16 b1 25 3 10 21 M 2%
4 9 14 14 17 4 3 9 14 18
5 16 21 n » 5 12 19 k) 32
6 b 25 16 3 ¢ 4 4 0
7 4 21 33 33 7 10 19 16 25
[} 1 7 ] 12 [ 9 5 10 1
9 3 19 21 2 9 ] 2 18 p-]
10 12 10 11 9 10 16 13 20 24
1 12 bt u 0 11 12 n 26 45
1. 1 1 n 3 12 16 9 15 2
13 1 3 17 26 1 15 1 16 o
4 12 19 pi] M 14 19 16 b1 2%
13 10 16 M 15 1 21 E ]
16 6 12 20 16 16 9 20 13 2
17 10 12 1 21 17 17 15 25
13 s 12 1 26 18 13 10 2 »
19 14 14 21 19 19 9 1 20 n
20 4 17 12 pi] 2 9 18 9 19
21 ] 6 10 24 a1 5 15 20 27
n 20 13 39 2 15 18 M 36
X 9.5 143 19.6 255 X 1.5 157 192 n7
30 19 78 92 3D 34 49 63 67
c [X4) a4 0.40 s c a3t 03 026
b Mewiére*
Ace to affected exr Acc (o hewlthy cor
1 10 12 19 27 1 ] 12 19 1
2 0 14 18 21 2 9 18 19 5
11 1 19 m 3 ] 4 15 %
.5) 3 6 9 1 4 10 9 13 12
0 z 10 9 s s [} 13 3
6 12 16 15 4 6 15 16 %
7 4 L 1] 7 1 12 5 37
] 16 13 6 15 3 13 17 20 37
9 I. 16 17 26 9 ] 16 19 pi]
10 12 13 2 27 10 10 14 21 -
11 16 0 17 20 11 0 7 [] 25
12 2 7 12 2 12 4 10 bE} 17
n 13 9 4 19 13 11 11 7 s
14 16 21 2 2 14 12 16 n 3
13 s 13 1 17 13 3 12 19 F
16 : 11 16 19 16 1 13 4 18
17 9 13 14 19 17 4 n 17
18 1 12 2 b44 12 s 12 14 n
19 0 10 19 n 19 0 11 s
15 126 16.1 s X st 1ns 155 12
D 33 42 5D 40 18 47 63
.64 034 037 0 c (L] o 030 0z7

Aenfdre s dosexse on the right side. Cases 1-8. Menibre's draosse oa the keft side- Cases 9-22.

changed or decreased when acceleratron was ml4ufthel9cnsulnv:tﬂpted,lndlﬂ5
inereased from 12 2-4 or 48 /ssc? On  cases the frequency cither remalned unchanged
accekeration to the healthy ear thers was a  or decreased when aceeleration was meressed

successive merease in the nystagmos frequency  from 1-2 24 or 4-8 /sec?
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and n freq y

Fig I Maximl mystagmees
frequency In 19 patients with
MenRre s disease on

0 the affected car (4-4) ond ©

The total fncremse in the nystagmus fre
quency when increasing the acceleration from
1 /sect to 8 [sect was abo calculated. This
showed that the average increasc was 16.1
beats/10 sec on acceleration to the heaithy ear
and 14.2 beats/10 sec to the affected ear

DISCUSSION

In this investigation nystagmus frequency was
observed to increasc with increasing Intensity
of stimuhug In the control material the mystag
mus frequency was somewhat Jower for clock
wne accelcration at 1 and 2 /see? whereas
at 4 and 8 /sec® there was no difference In
the freq y between o
and Theso dif

Ywhs

Menire s disease tend to fave somewhat de
preued vestibalar reactions for all the accelera
tions appled but calculations have shown,
that these differences are not significant.

By the
frequency docs not change in the ame man-
ncr as the latency time and the after-dbcharge,
Thuy, nystagmus frequency shows no sign of
recruitment.

The investigation also demonstrated that
nystagmus frequency did not show any lateral
differences in vestibular semsitivity such as
were evident in the latency ume. Possibly
this Is becauso the mystagmus frequencies were
studied when the vestibular imbalance was very
great and that & much smaller vestibular

Twlse 1
ferences between vestibubar reactions to cock
whe and counterclockwise acceleration are
good agreement with earlier Investigations,
where it wax sthown that it 3 more difficult to
elicit pystagmus clockwise than counterclock
wise (Fluur & Mendel, 1967). A comparison
with the patients with MenRre s discats shows
that they have a lower nystagmus frequency
for the accelcrations to both the affected and
the healthy ear This holds good for all the
accelerations applied. Thus, the patients with

bal. b npeeded to cmable detectlon of
1ateral differences. The Iatency period is meas-
ured at the begmning of stimulation, when
this s lexy fntense and distinct kateral differ
cnces can then be observed These findings
are in good agreement with the results ob-
talned by Torok (1969) when he applied strong
and wesk caloric siimuhation to patients with
Menikre s discase. When nystagmus diminishes
after the termination of stimulation, the ves-
tibular imbalincs b inithilly very great, and
conscquently lateral differences are not ob-
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served when studying the after-dmcharge On
the other hand, recruitment Is observed. That
maximal nystagmus frequency displays nelther
lateral differences nor signs of recruitment
indicates that 1t is regulated by centres other
than those controlling the latency time and
the after-dmucharge.

ZUSAMMENFASSUNG

Paticnten mit elnscldger MenRrescher hrankheit wur

den abwechselnd Im und gegen den Uhrzelgenbm

mlt 1 2 4 md!/teheachkuu!ﬂ.ﬂdkdtf
wurde d|

qncnz(cnnmm.DkErtcb:ﬂnanrmundehr
ghexch bel Beschleunigung hin rur Sette dex hranken

scheint, als wilrde dio Nystagmusfrequenz voo andery
memmnmmdkutmmﬁmdbuu
Nystagmes b
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SULFATED ACID MUCOPOLYSACCHARIDES
IN THE TECTORIAL MEMBRANE

M. Tachibana, H Saito snd M. Machino

From the Department of Oiolarymgology Kyowo Furitw Universiry of Medicine
Kaneremach! Kyoswo Sepem

(Received September 22, 1972)

Absiract The sulfated acid saccharkdes in
the membeane of the puinca pig wers
teciad by the

red \

elastac role bat abso for us pomible polasiriag
role between the positive (ca + 80 mV) poten-
nal in the epdotymph and the negpative (ca
—80 mV) potental In the organ of Corti
(Nafilm, 1965 Saito 1967) This has also
been suported by an clectrophynoiogxal dem-
onstration of zero poteptial in the tectorial
membranc (Lawrence, 1967)
A great cffort s been made to identify the
' AMFS of
the tectorral membrane, smee AMPS would
be capable of polarfring the membrane. The
results obtained in varions histoch 1 stud-
i3, however were not in agreement.

Turato (1960) indicated no existence of
mucopolyseechandes In the tectorml mem-
brane because of the lack of hexuronic acd,
although they might be present in rch small
quantitics as not to be detectable by the meth
od employed. Naftalin ct al (1964) also in-
dicated a mimdmum of mucold substance in the
tectorial membrane because of a mere trace
positive of hexommine. On the other hand,
Lotz & huhl (1970) detected rather larger

ot lysaccharide mdirectly by
hexommine dclermlnn!m by column chroma
tographic separaton from the whole mem-
branows lebyrmth According to a recent study
by Salto & Daly (1970}, 0.1% per dry weight
of AMPS was detected mn the tectorfal mem
brane directly by turbidrmetne method.

However the existence of sulfated™ AMPS
in Yhe tectoral membrane ST remauns 1o be
proved.

This stody was undertaken to demonstrate
the exutence of sulfated AMPS in the tectorinl
membrane and to determine the type of sl
fated AMPS.

METHOD

Twenty guinea plgs with a normal Preyer
reflex, weighing between 250 and 150 grams,
were decapitated. The petrous bones were
holated immediately and the bulla opened
wide with a curette. Then under a stereascopsc
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Fig 1 (A) Electronmicrograph of the tectorhal mem-
Rathentom red stabning. x 14 000 (B) A higher
)

croscope, the dissectrons were made m the
varjous manners described below

Electron microscopic histochemistry
ruthenium red siaining

The bony cochlea and stapes wers removed
and each turn of the cochlea was separated
from modwolos 1n 2.5% gl n 0.1

-
Yy P f‘( '% -’}“é\/
magnification view of (AL x 30000 j fuzzy s
tare.

< a7

Following dehydration in ethanol series, ths
specimens were embedded In Epon 812. 5%
tions were cut for light microscopy and fa
electron microscopy at 300-600 A with ghs
knives on an LAB ultramicrotome and exso
ined wath an clectron microscope (JEM 1008)

Digestive test

g
M aacodylate buffer at pH 7 4
The specimens were fixed 1 12% glutar
aldehyde with 500 ppm of ruthenrum red in
the buffer for 1 hour at 0 C. After washing
in the baffer for 30 sec, the speaumens were
refixed in 20% osmium tetroxide with 500
ppm of ruthenjum red in the buffer for 3
hours at room temperature.

Acta Otolaryng 76

Testicular hyaluranidase (HAsse) which d@
compeses chondroitin (Ch), chondroltm sulfatt
(ChS)-A, ChS-C and hyaluronic acxd (HA}
and chondroitinase (CHase}ABC (Yamap!
et al 1968) which decomposes Ch, ChS-A
ChS-B ChSC and HA were employed f¢
this porpose

The procedure was as follows: The non-fired
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Fig 2 () Absorption curve at a
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cochlex, removed bony wall, and stapes, were
delivered into four dishes,

The first dish {a) incloded 1000 TR.U of
testicnlar  HAsse (Mochida Pharmaccutical
Company Tokyo) in 10 ml of 0.2 M acetate
buffer at pH 525 The sccond duh (b) was
a control without HAase. The third dish (¢)
Included 50 units of CHase ABC in 15 ml
of 01 N Tris-HC1 buffer at pH 8.0 with 50 mg
of bavine serum slbumin The fourth dish (d)
was a control without CHase ABC. The dishes
were ncubated at 37 C for 12 hours. Then
the tectorml membrane was pecked from the
helicotrema to the basal end with fine forceps,

Microspectrophotometric meaturements of
AMPS after glclan blue stalning

After the CHae-ABC digestive test the tec
torial membranes were stained for AMPS by
1% alcian blue in 3% acetc wsd for 5 min
without any fixation spread over slide glasses
and in glycerol. M h
metnic measurement was made with Shumadrn
MPS-50 at a continuous wavelength from 500
to 800 nm. Then the trapsverse scanning
measurement was carried out acroms the tec
torfal membrane at the maximal absorptive
wavelength (630 om) with a 50x objective.
Tho diameters of the scanning spot and the

R s SR e

flnmunated area were both fixed at 2 ym to
ehminate Schwarzchild Villiger (S-V) effect.
All the absorption curves in this procedure
were recorded on the spectrophotometer

Electron probe microanalysis of

aulfur () element

The tectorial membrane, with or without a
digestrve test, was fixed with 2.5% glutaralde
hyde for 30 min and dehydrated in cthanol
serier In thn series, absolute ethanol witbont
CnSO; was used to avoid the contamination
of S element. The tissuc was coated with
alnommmm and analysed for S clement by the
electron probe microanalyser (EMX SM Type
Shimadru, Tokyo). The clectron beam was
operated a1 the accelerating voltage of 20 kV
with 014 ~0 46 nA sample current.

RESULT

Electron microscopic hitochemlistry

Filaments of indetermisate kength were seen.
These filaments bad no periodic structure and
had 2 dlameter of about 150 A. They an fol-
lowing & wavy course, mainly transversely and
sometimes obliquely scross the longitudinal
wos. These filaments attafned a high electron
density and furry structure ansmg from the
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Fly 1 Scanning absorptia
curves at 630 nm along the
transverse line ABC acom o

filaments became prominent after rauthenfum
1ed treatment (Fig. 1)

Microspectrophotometric study
The ebsorption curve at 2 continuous wave
length at a ceriain point on the tectorial mem
s sained with alcan bloe showed the
. hape with a peak at 630 nm (Fig. 2)
is absorption was thought to be “specific™
> alcian bloe
In Fig. 3 both the scanning absorptlon
curves along the transverse ine ABC at 630
nm of the CHase-digested tectorial b
and Jts control were seen. The mean absorp-
tion after digeston was higher than that of
control in most cases. The absorption was
high at the outer portron (B) and lower at
the inner portion (C).

Study by EMY
The secondary clectron jmage under high
magnification showed clearly each pert of
the tectorial membrane (Fig. 4). The foner
zone (I} inserted on the spiral limbos revealed
a smooth surface and the middle zone (Af)
revealed many fibrib which ran practically

Acta Orolarrng 76

ilominated area both at 2 xm,

peralle]l to each other and at an angle of
about 40 to the transverse direction.

The outer zone (O) corresponding to 1he
outer edge of the membrane, revealed a for
rowr-like structure

The X-ray image by Sha at the same sitt
as fn Flg. 4 brought out the diffusely distr-
buted S element in the tectorial membeane
(Fig. 5)

Accordmg to the line scan analysis scros
the membrane, the S element showed almost
the samo atlon across the b
but rather low concentration st the outer hall
of the middle zone The back-scattered ekt
tron (BSE) image and the X ray Image by SKe
after digestion with HAsase were shown in
Flge 6 and 7 Tl:lc'yrtmlcdnnﬂ'ldcnccd
the S element after HAase digestron compered
with Sha of its control (Figs. 8 and 9)

The BSE jmage and the X ray {mage b7
SKa after digestion with CHase ABC and thelf
control are shown In Figs. 10-13 They alo
revealed Do evidence of the S element aftef
CHase ABC digestion These fmages indicated
that S element contained n the substanct
srere decomposed away after HAnse or CHase-
ABC digestion
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Fir 6 BSE image of the tectorfal membrans after
HAasm digestion. x 100,

Isted 11 P

DISCUSSION of non-collag f o

rounded by ruthenium red positive AMP

The clectronmicroscopic histochcmical study  This structure supported the Dorfman s mod
indicated that the tectorml membranc was of ground substance (Rauch, 1964)

Fig 7 X-ray Lmage by Sha at the same site In Fig. 6
% 100. S clement was pot detected.

Acta Otolaryng 16
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Frg 2 BSE mage of the sctoriel membrane. Control
of HAzse digrstion test. 100

The microphotospectrometric study revealed  ness of each tectorial membrane, distributional
that some of this AMPS might be HAase- crrory, proportionality errort, Schwarzchild-
digestive. However this mcthod was not al-  Villiger (V) cffect, non-specific absorption
ways sccurate because of the different thick  and 3o on (Fukuda & Fupta, 1971).
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Frz 10 BSE lmage of the tectoris]l membrane after
CHase ABC digestion,

The EMX 15 a newly developed instrument.
A beam of accelerated electrons travels from
its fllament to the spectmen, exciting elements

\Lhe specimens to emit X rays whose wave

Fir J1 X-xy kmage by Sha st the same site
in Fig. 10, S chement was not detected

Actn Otolaryng 76

lengths are characteristic of the stomic number
of that element. The fntennty of the embson
is proportional to the quantity of the excited
ekement Any element with an atomk nomber
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Fig 12 BSE kmage of the tectorial
trol of CHase-ABC digestion tes. 100,

greater than 5 in concentrations as Jow a3 of the ekements which can be seen and photo-
1071 g can be amalysed. The EMX abso has  graphed (Doughman et al, 1970)

a spatial resolution of 1 ym as for X-ray Combined with enzymatic amalysds, the study
image, allomng sccurate thsue localization with EMX revealed the exstence of HAaso

Fg 13 hray image by SKe at the same site
o Fig 12, 8 demen wpoead diffomly
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and CHase ABC digestrve sulfated AMPS
which meant ChS-A and/or -C, spreading dif
foscly on the tectortal membrane,

Turato (1960) revesled 07 g of cysteine and
cystine per 100 g protein in the tectorm! mem-
branc by the method of Mussini. Naftalm et
al. (1964) showed by paper chromatographikc
separation, that there existed an S clement
in the form of sulphydryl and sulphide groups
as in cysteine and cystine, but that there was
no 50, in the tectorial membrane. On the
other band, the present study demonstrated
an S clement in AMPS 1 the tectorial mem-
brane, After digestion, the S element was not
detected In spite of the possible existence of
cysteine and cystine. This result might be due
to the small amount of cysteine #nd cystine
compared with the sulfated AMPS, or due to
the difference of therr distribution. It was
found m the present study that the tectormal
membrane contained sulfated AMPS This
sulfated AMPS would have a polarizng ef
fect between the positive potential in the endo-
lymph and the negative potential in the organ
of Cortl.
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THREE-DIMENSIONAL SURFACE REPRESENTATION OF
THE CILIA FREE NASAL MUCOSA OF MAN

A Scanning Electron-Microscopical Study

H. Lenz

From the ENT Deptrtment, Free University of Berfln,
Kiunsdum Stegluz, Berlln, BRD

(Recttved July 3 1972)

oockd are typical of the squamom they are
a0t present in the cylindrical ephibwelimm. The filked
bealer cell shows a more surface

wmall oval and when with the

looking at the moface with the ald of the
scanning-¢lectron-microscope  (SEM)

MATERIAL AND METHOD

The normal human nasal mucoss originates

from the infersor nasal conchac and was ob-

tamed as described in snother paper (Lenz,

1972). The pathologeally changed nasal mu-

cost was obtmmed from patients with anam-
i d a

oS, ped bulpes and a marked
ooseniog of the cllisfres cylindrical n
wel a3 2 glow of microwilfl

It b the aim of this fvestigation to deseribe
the three-dimenslonal surface structures of
the ciia-frec masal mucota of man in its
ultrastructure m order to find out whether
pathologically changed ultrastructure can be
differentiated from normal ones merely by
Supported by the Dentscho Forschn:

prmeisachaft,
Lacture given st the V European Congress of Rhino-
logy Barceloos, 22ed-24th Juos, 1972

rhinitls by con-
chotomy under general mnaesthesia and with
extengtre careful treatment of the surface.
After openative removal, notmal as well as
pathalogically changed mucos strips arc
shaken in sterile physiologscal sline sofution
where they are kept for half an hour to
several bours (Lenr, 1972) After thinning,
the roncosa is spread onto a righd plastie foll
or cork and fixed with needles the surface s
feced upwards A mucosa prepared in ths
manner b fixed in 5% buffered glutaraldehyds
solution for 1/2 to 4 bourw. Subsequently the
preparations are dehydrated in alcobol of
ascending concentration (30 40 50, 60 70,
80, 90, 96, 100 and 100%) whils the dehydra-
ton time In the corresponding akohol Is 1/4
hour cach und the total dehydration time 21/,
hours. Before fixation, some of the prepars-
thont are kept In 3% buffered waccharose solu-
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tion for several days. Subsequent to the de
hydration the mucosa strips mre cut in peces
of up to 0.5 cm? and immediately placed on
round metallic optical carmers. The prepera
are re-dned 1n high vacoom and coated
th gald, the coating layer being 300 to 500
. A total of 25 pathologically changed rmu
cosa strips of the inferior conchae were ob-
tained from 13 different patients, Forty-one
1 kectron-microscopical  preperations
were produced and examined from 10 persons,
normal mucosa was obtalned, from which
27 SEM preparations were produced end
examined. The SEM examinations were per
formed with the Stercoscan (Cambridge Scien
tific Instruments).

RESULT

Cilig free cylindrical epithelium

The cylindrical cpithelium of the normal nasal
mucosa fn the antedor third of the interior
nasal conchae displays cillacovered cylindrical
cpithelial cells as well as cili free ones (Jahn
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thape [n tho centre Re-praliferntion of Mol

ke, 1972 Lenz, 1972) Normally they show
2 closely knit epithellum formation with ner
row ledge-like cytoplasmic elevations as el
bordery (Fig. 1) They are almost jdenteal
in height and sharpness of outline. In contrst
to squamous epithellal cells a crossing of
cylindrical cell borders #s not observed. The
cell borders of cylindrical cells form potegonad
arcas of varlous size, Hexagons are scen (B
14) The nuclel of the cylindrieal epithesal
cels cannot—in contrast to those of the
squamous cplthelial cells—be represented.

In some parts of the normal cilis-free cylind
rical cpithelfum, openings of glandular ducts
are seen. Most of them are partially filled wid
mucus. This mocus can be emptied granulat
or string-like (Fig. 1)

The ultrastructure of the normal ciliafree
cylndrical cell shows a fine-dimensioned bedpe-
Gko pattern in the shape of namow cyio
plasmic elevations which are the equivatent of
the microvilll of the cylindrical cell surface
Additionally smaller bud-like papillary cyte-
plasmic apical bulges of almost the same £
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g le of aiffersnt tobeffle kioocilise top right and bottom eft. SEM,
Leripe-hike micronfiliefextation in the centre, papil- 6 000,
form re-profiferstion of Limocilio top MefL Longsr
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Fig 2 Bealer cell surface from tmman nssal mocos,
with redoced microvilli-infestation and oval deprev-
shons, SEM x 6 000.

are present. These are reproliferations of kino-

ize (Dalen et al. 1971 Lenz, 1972) (Flg.
J'c). They are found on the sarface of both
normal mucosa and that in vasomotor rhinjtit.

In the cilis-free cylindrdcal epitheliom,
beaker cells can be particularly well demon
strated under the scanning-clectron-micro-
scope Compared with the cilia-free cylindrical
cell surface, the filled beaker cell shows cer
tain typical ultrastructural surface charse
teristies (Fig. 2y oval depresstons and pores
of varfous sze & more homogencous surface
structare and a distinet reduction of the mwcro-
villl infestabon. The emptied beaker cells ap-
pear fo be funnel-shaped or as oval depres-
sions (Fig. 3) Larger depressions refer to
adpacent empty beaker cells.

In vasomotor rhinitis, empty beaker cclls
with large mucous plugs on the epithehal sur
face can be seen next to beaker cells which
arc still filled. Here obscrvauon of the sur
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face shows the disturbed disperson from
beaker cells to cylindrical cells particutarl
clenrly (Fig 3).

Bestdes a preponderance of beaker cells, i
free cylindrical cells can be seen which sho¥
a dhstinct microvill-nfestation or re-protifers
tions of cilme, In vasomotor rhinitis a mort
wtense appearance of cilla free
eplthelinm is evident. Apart from closcly oine
cylindrical cells with visble cell borders, €l
free cylindrical cpithelial cells with dome
shaped bulges and po recognizable cell bordrs
are present (Fig. 4o) In vasomotor chint
mostly & distinet loosening of the citfa-fres &
lindrical epithellum s observed—the eells &
integrate and wide Intercellular spaces b
come vhiblo (Ffg. 45). The widened bter
cellular space of the cilla free cylindricat epF
thellum can be observed well 3
the SEM cross-sectlon picture (Fig 4 ¢). Furt
crmore, a degeneration of the cylindrical £
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Fig 3 Empty beaker cefh of homan neml mnco fn
vasomotor rthimitls. Prepooderscs of empty beaker
cslls a oval depremsions and filled beaker cefls with

thellom §8 seen wath plaque-like destroction
of the cells and a slow decrease and loms of
the microvili-nfestation In the widened inter
cellular spaces round cells are present. The dif
{ering ultrastructures of short kinocihiae, ledge
like microvilli and beaker cell surfaces are
elaborated.

Squamous epltheltum

By scanning-electron-microscopy the squam-
ous epithellum of the pormal mucoa ks seen
a3 a closely jofned epithelial formation which,
in tome places, shows a physlological des-
quamation (Fig. $a) The cell borders appear
«s parrow ledge-ke clevations and can be
interpreted as cytoplasmic marginal torl of
the epithelial cells (Fig. 6). The ccll borders
differ in cutne and height. The brighter out
lined, more superfictal cell borders correspond
10 the cpithelial cells close to the surface, the
darker and lower ones to the more deeply

and deeply Jocated cell borders {s observed
(croning phenomenon of cell borders) thus
forming polygons of varlous wzes (Fig. 6).
Considering the outline intentity of the single
cell borders, polygomally shaped epithelial cells
of approximately the same sire are found in
the corresponding space. The surface of the

dngle epithellal cell shows fine-di toned
ledge-dike cytoplasmic elevations similar to
microvilll patterns (Fig. 5 ¢). In tome places in
the normal squamous epithelrrm oval depres-
dons and pores of 300 to 400 A are found
between the microvilli (Fig. 5 c).

At the cell borders, more or less sharply
outlined oval to round elevations at different
Jevels are found to be cell nuclet (Fig. 5a, b)
The prominent cell nuclet correspond to cpi-
thelial cells lymg near to the sarface, and
baving sherply outlined cell bordens, lesy
sharply outlined cell muclel can be regarded as
more deeply Jocated epithelial cells (Fig. S o, 5).

—
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Fig lindrical cplthellum
Dl mocosa fn vasomotor rhioh (a) Dome-shaped

4 Cillafree cy of humam

Cell nucle] and cell borders shine through the
cytoplasma of epithelial cells close to the sur
face. The extremely thin quality of the cyto-

of a squamous epithelial ccll b

cliiafree cylindrical eplthelisl cells without visht
cell borders. SEM, x4 (32

dispersed areas with diintegrated cell bordn
are seen In the arcas with an intensified d=-
quamation the intercellular cleft zppeart

Jcvident in ats terraced localisation. The step-
like character beécomes obvious in the cyto-
plasma outlined in marginal torl and i the
different microvillh patterns of the epithelial
cells (Fig. 55) In some epribelal cell nuclel,
on magnification a smaller elevation almost
in the centre of the pucleus is Iterpreted as
a nucleolos.

The physiological desquamation process of
the squamous cpithellum which has been re
ferred to in another paper (4) & present only
in some places of the norrml mucosa. An in-
tensified desg of the q ept
thelrom (beyond the physiological rate) extends
over larger mucos areas and 15 obsenved dor
ing vasomotor rhinitis i the frontal rones of
the inferror nasal conchae (FIg. 6). Besides
squamons eprihebal cells located side by side
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videned. The epithelral cells show 2 marpim!
partial lifing of thelr cytoplayma, bl
pleatings and even a turning up of the il
margin areas. Single epithelnl cells or bygef
cell formations scparate completely In
epithelium there remains a flat, pot abenf
visible, desquamation cell.

DISCUSSION

On comparing the surfaces of iquan'mﬂ!-llﬂ
cffia free cylindrical epithelal cels b 8¢
human nasal mucosa by ass of the scxnnuf
clectron-microscope, the following criteria -
sult concerning the differential dagnosis
(1) While in the epithelial cell the cell nockd
are visible—due to the extremely thin quafly
of the cytoplasmic layer—this fs mot the &%
when using our SEM preparation method o



Three-dimensional surface representation 53

Fig 4% Stroagly loomoed ¢y Endrical epithefinm with
wiie intereeflaiar spacts. SEM, 750




mocom  with

Flg $ Nommal squamous eplthelitm of human nasal
physiclogical

desquamation. (a) Call

the cylindrical epithelial cell, since these nuclei
are covered by & substantmlly thicker cyto-
plaamic layer

® (2) The crossing effect of the $qUAMOUS
® Ll cell borders at different levels which
Jean be observed with the tcanning-clectron-
microscope I not present In the cila-free
cylindrieal epithelal cells, since these are si-
tnated side by side and not on top of each
other

(3) The terraced posiion evident in the
different microvilli patterns and the cytoplasm
fc cell borders made prominent by their mar
ginal torl, m charactenstic of the thinness of
squamous epithelial cells. It is not found in
cylindrical cells.

(4) The flat epithelium depression is a typical
condition after ion of the 3q
epithelwm. It is not present in the cila free
cylmdrical epithefium.

The physiological desquamation process of
the squamous epithelium of the normal mucose
can be easily differentisted from an intensified
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desquamatfon process in vasomotor rhmis
with scparation of malnly larger ephtbellam
formations. An ntensified desquamation pro-
cess such a3 shearing-off of larger epithefnl
arcas—similar to the conditions m vasomot
rhinitis—has hitherto only been observed B
antmal cxperiments on the hamster cheek
pouch immediately after eryosurgial treat
ment and i interpreted as a typxal %
surgical change which is found on thawsy
(Lenz, 1972)

We consider the oval depressions betwee?
the microvilli (size 300 to 400 A) which &
found in some parts of the normal squamos
cplthelium to be cytoplasmic dells fn the o
surface In order to take up larger foral?
particles. As these depressions arc not al¥afs
present we think that they occur oaly & 8
certain functiomal state of the cell

The mkrovilli of the cilia-free cylindric)
epithelial cells are of & more ledge-ike fi==
dimensioned cytoplasmic pattern whereas Lo
proliferating cillac show more papillifor™



Fig 3 b Tearsesd position of squamons spithetial ceth
with differcnt microplcar paitars ad  varionly
Jevelled cell bardecs and cell noclel. SEM  x 2 680,
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6 Squamoms epitbeliom of the boman masal
" in yasomotor thinith. Desquemation of larger

pud like cytoplasmic bulges of approximately
the same size Thus reproliferating cillae can
be differentiated from microvilli under the
scanning-clectron-microscope, The papilliform
re-proliferations of Linocilixe correspond to
the kinociline produced in vitro by other
suthors (Dalen et al 1971)

By means of the scanning-tlectron-micro-
scope the cllla free cylindrical cell can be dif
ferentiated from the filled beaker cell by its
relatlvely homogencous surface, oval pores,
and 2 reduced microvilli Infestation the in
festation of the surface of cylindrical celis is
particularly distinct.

The strongly loosened cylindrical epithelium
in vasomotor rthinith indicates an extra-
glandular transudation which has been ob-

Acsa Otolervag 76

cpithellnm complexes, Variously-Jevelled crowing ¢c
bordern SEM, x 600,

scrved electron-microscoplcally by other auth
ors (Jahnke 1972 Terrahe & Backwinkel
1970)
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DQUBLE BLIND TRIAL OF DOXICYCLINE IN ACUTE
MAXILLARY SINUSITIS

A Clinlcal and Becterlological Study

T Rantanen and H Arvifommi

From the Departments of Qiolarvngology and of Medical Aficrobiology
Unirersity of Turky Turkn Flaiand

(Recelved September 20, 1972)

Abstract Shxty-one patients, 39 fermales and I2 males,
wih bacterfal and srerile scote wlemsltis
wert subjected (o study o order 10 decde whether

‘There are several treatment methods for acute
maxillary smusitls, bat irrigation of the maxil-

the primary antiblotlc fn the treatment of
acute maxillary sinusitls (Sparrevohn & Boch,
1946 Axelsson et al, 1970)

With an orl dose of 200 mg of doxicycime
& peak serum concentration of 2.59 pgfml
1s reachred within 2 hours 15 min (Fabre etal,
1966). After 24 hours, the conccntration i
stil 145 pg/ml 1t from the second day oo,
the dose is 100 g, then the serum concentts
tion remafns at 1.5-30 pg/el (Fabre et aly
1968). Using » dafly dose of 200 mg & concet
tratlon of 0.5-7.5 ug/mi i cbtained in B
luypus(Lu.ndbcuctuL,l%B) ]ulnmm
tests a mi inhibitory
(MIC) of 1.5 ug/m! has been fuund suffickent,
when the most common bacteria, H influercse
and Diplococcus prewmonloe arc

lary smuses fs the measure most 1y
employed. Often, nose drops and an oral entk
blotie (usually penxcillm or a tetracycline) are
added to the treatment. Nevertheless, many
persons find irmgation unpleasnt, and st bas
to be replaced by other treatment. In these
cases antibiotics {mprove treatment results
(Axelssen et 8L, 1970) As the micro-organism
found in maxiflary pus often §s Hoemophius
Influenae (Urdal & Bertal, 1949 hortekan
gy, 1963 Lysiad et el, 1964) drugs of the
tetracytime group might be preferable. Many
authors, however recommend penicilfin as
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(Jepp & Schald 1970).

The parpose of thls study was to determis
whether or not an oral antiblotle & necesary
when acute maxillary sinositis Is treated by
rrigation and nose drops. Doxieycling was 1be
chosen antiblotie because of the high lacidence
of H influentoe in the secretlons,

MATERIAL AND METHOD

The study was made on 61 outpatients, 39 fe-
males and 73 maler, with acute masifiyy
simusitls, In 15 patients the Infection was b+
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Table L Study material

Nuenber of sinmes treated

method ushng discs contaming doxicycline was
used, but the variation was found to be un-
ptably large. Therefore throughout the

No. of
Treatment patients  Bacterhl Sterle  Total

Doayeyciine 27 - 12 2
Piacxbo M 3 3 “
Tota! L1} 13 23 7%

hteral The mean age of the patients was
34 years. Due to complete double-blind nature
of this trial the placebo group became Jarger
than the stody groop (Table I). The dmgnons
wus based on anamnestic date, clinkcal exami-
nation, and hrrigation fndmgs. X-ray examina-
tion (four fections) revealed b
shadows in the sinuses or a flnkd kvel could
be seen. All cawes of sinnaitls were previcusdy
untreated. Treatment consisted of Umgation
of the maxiltary tmuses with 100 ml 09%
saline onee weekly nose drops (xylometazoline
chloride, 0.1%) three tmes daily The anti-
biotke, doxicycline or a placebo was given
onlly for 6 days, 200 mg on the first day
and 100 mg thercafter The exraminers did
not know to which one of the themp

study McLeod agar was chosen as culture
medium, and the moculum was adjusted to
spproxnmately 10° micro-orgamsms per ml All
determmations were performed twice. If the
differetice between results was more than toro
dilution steps, an additional control determina-
tion was performed. A later bacteriologicaal
control was not subsequently performed ron-
tmely In the sabjects.

Ausenment of the patency of the ostium,
which included a direct pressure difference re
cording (Kortckangas, 1970), was performed
with & puncture needle before orrigation (Drett
ner 1965 Rantanen & Kortekmngas, 1971)
The apparatus used consisted of the Elema-
Schdnander EMT 33 electromanometer and &
ph recorder  According to the results
the ostia were classified as open, partially open,
or obstructed. An open and a parthlly open
ostium were considered normal.

Findings at irigation were mted macro-
scopically with respect to the amount and
quality of the sccretion purulent secretion,

schemes each patient belonged. Weckly hrrign
tions were inued until it was
that sinusitis was cured with respect to the
clinieal status, hrrigation findingy, and ostinm
function. A negative irrigation and regained
ostal patency are considercd a3 signs of re-
covery Secretlon for bacteriological examina
tion was withdrawn through a puncture needle
under sterfle conditions.

Bact 1 techrd, The sp
were coltured routinely onto blood- and Mc
Leod agar plates under serobic conditioms.
Boiled-meat medium was used for the deter
ton of annerober. The bacteria detected were
identified unng methods routinely employed
in the bacteriological boratory The stralny
were coilected and stored at —20 C in Stoart
medium for several weeky untll MIC-deter
minatons were camied oat in bath.

In a peeliminary study the agar diffoston

mucous lom, no If no secre
tion appeared by frrigation or if it twned
from purulent to mucodd and in addition
diminished conmiderably in amount the resolt
of treatment was rated as good. No attention
was pad to the cytological fimdings or to the
viscoslty of the secretlon.

A mumber of the bactenal strains found in
the secretion were tested in relation 1o their

sensitivity to doxicycime by a dilation method.

RESULT

Of the 76 nnuses (Table T) examined, bacteria
were isolated from 53 (70%) (Table I) the
remainder were sterile. In 40 sinuses the bac
terly dt were either H Villuy in-
fluenzae or Diplococcus pneumoniae Mixed
flor was found in only four sampler. The
results of the sensitivity test of the strains mre
given in Table ITL Four of the holated strains
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Table I Bacteria isolated from 53 sbuus secretions  Table IV AMacrosropic changes i the quality of

Bacterfa No. of ghouses

Divfoosanm phoamosbe

Haemophdlos infTuenzac

|

2

2%
i

(2 Proteus mirabills Escherichla coll and
Staphrvlococcus albus) showed an clevated re
ustance (MIC > 2.5 g/ml) agalnst doxicycline.

From an atsessment of the macroscoplc
changes of the secretion after 1 weeks treat
ment (Table IV) the rewulls were rated as

ood In 16/32 cases (50%) of the doxicycline

hk 1T AMIC-ralves at initlation of treatment
ad macroscople changes in secretion after I week
of treatment

44 snmes. Dovyeycdmo~  Placcbo~ 0
Changes in sexretion

MIC
Fafml 0 t 103
>10 o
10 ]

s

3 o

125

(X [e]e} s
03 0000000 [<lak-Rae] 6000
ais o oo 00
007 o
o004 >

the secretion 1 week after diagmastic irrigotion

Changes kn seeretion

L] 1 2 3 Totd
Racterial inflenwmarion
Dotk dine 707 3 3 b
Placebe 12 7 € 1} »
Sterile inflammation
Daxicydline 2 [} 3 7 1
Placebo 3 I 5 2 n
Toal
0 = contincously mcopa
1 = secretion has become mucous, st abundant.
2 ~gecretion has become and

3 =no more retenthe secretion,

group end In 21744 cases (477%) of e
placebo group. In the group with bacteril
unusitis & good result was obtalned in 20/53
cases (358%) and in the group with sterfie
sinusitis in 17/23 cases (73.9%) There was 80
retention of secretdon after | week fn the
doxicycline group in 10/32 cases, of whih
7 had been sterile even at the first irdgatioe,
and in the placebo group n 10/44 cases of
which 2 had been sterile at the first frrigaton.
After 2 weeks of treatment the cumchire
lnchdence of snuses without secretion was 22
of the doxicycline group and 34 of the piscebo
group In the 20 subjects who showed a retes-
tlon of sectetions after 2 weeks treatment, 8
complete recovery followed durng additiont)
2 weeks of irrigation therapy

Neither in the doxicycline group mor ¢
placcbo group was there any correlaton be
tween recovery time and the semsitvity of ¢
bacteria to doxicyclme

Improvement m the patency of the ostia
could be observed each week in all the group
(Fig. 1) At the begunning of treaiment, the
ostia were obstructed m the whole sees &
52 (69%) 1 week later in 27 (35.5%), »d
2 weeks later in 10 (13%) sinoses. The &
responding figures for the doxicycline group
were 68.8, 31.3 and 15 6% and for the phacebo
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Table V Weekly recorery progress with respect
to cinical picture frrigation findings and osthom
Sumction

76 simurscs. Percestages thow weskly recovery

Duzution of treatment, weeks

1 2 3 4 Sk
Doxicyeline
Bacterial
mflammation 4 (X&) 10(0%) 5 { 20
SirTie
milammation 10 @ <) — 1112
Paccte
Bacterial
mflammation 14 (42%) 11{3%) 6 2 33
Sterle
mfemmation 5(@43.) 6(35) — — 1
Toul BP@INY 2706%) 12 4 T6

group 682, 38.6 and 11 4% If the grouping
of the series i1 based on the bacteriologucal
finding at the first irrigation without respect
to oral therapy the becterml groop showed
ostial obstruction In 75.5% &t the beginning
of treatment, n 434% 1 week hater and In
169% 2 weeks later For the sterfle stmses
percentages were 52.2, 173

the
and 43% respectively

The mean recovery time did pot differ in
the doxicycline and placebo groups (Teble V).
Of the 32 sinuses In the doxicyeline group, 14
had recovered after 1 week and 24 after 2
weeks. Of the 44 sinuses of the placebo group

el
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Fig | Outml pawncy The freqmency of different

19 had recovered after 1 week and 36 after
2 weeks,

Of the 53 sinuses wath bacteria 12 had re
covered after 1 week and 39 after 2 weeks
Among the 23 sterile sinuses the respective
figures were 15 and 21

DISCUSSION

The distribotion of bactera i this material
agrees with previous observations. The propor
ton of sterile maxillary sinusitis osually vanes
between 20 and 40%  In this materml it was
30%

Daily irmgation of maxillary sinuses on con-
secutive days has been found to shorten the
ums of recovery in acutc maxillary sinusitls
a3 compared with weekly irrigation. In the
material presented, the interval between irriga
tions was chosen to be 1 week, as it Is thus
easkr to follow the changes in sinous secretion
and opening up of the ostrum Abo the posd-
tive effect of rrrigation does not become too

d when pting to pare the
effect of drugs.

The of h
and the changes thecein & difficult and in
practice Iarge varfations occur Nevertheless,
estimations are always carmed out and treat
ment b dcontimued when Irrigation brings
no secrebor. The secretion dbsappears from
the maxiltary sinus clther by reabsorption and/
or by bemng moved through the ostlum to the
nasal pasuage by the epithelial cfifa. In the
Iatter case the ostium muxt be unobstructed
at it ks In healthy persons.

When studying the function of the estium,
one has to be satisfied with measuring jts pa
tency and resistance. Mcasurement of the
patency osing & manometer i3 more sensitive
but it {s ako moro prone to error The method
cnables one to differentiatc an open, a par
thally open, or an obstructed ostium, cspecially
it simultanecus mensurements are carried out
via puncture needle and contralateral nostril,
f.e. the pressure difference recording. How-
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ever no Information on the ciliany function
is acquired by nsing this method.

In the present seres the effects of doxkcye
lme and placebo can be compared during the
first week of therapy if a probable con-
tinuous b 12l elfect 15 fdered, as
the therapy lasted only 6 days. Desprte this,
we know that the half-fe of doxicychine 1n
serum §s Jong s ability 1o penctrate the ths-
sues 13 good and it has been found to exist
i pus from maxillary sinuses in concentra
tions many times higher than the correspond
jng MIC-values (Lundberg et al, 1968). In
this stady sensitnvity determinations could
be performed in two cases on pathogenk bac
tera obtaloed from sinus secretion Immedi-
atcly after doxicycline therapy

In both cases (S aureus and H influenzoc)
the lactenia were still sennitne to doxrcycline.
The reason for this discrepancy may be ex
phined by the different microbiological meth-
ods, by a faflure in the penctration of doxi-
cycline into the sinns secretron by difference
between conditions of m vivo and fn vitro
tests or by the faflure to take the medicine
which the patients deny In this study it was
observed that the changes in purulent maxil-

sinus secretion were more distinct after
~ 11 the placebo than in the doxdeycline
up However the difference was not sigmifi-
cant and evened out during the following
week of treatment. Significant differences
conld not be observed in the fint 2 weeks
between the doxicycline and placebo group
with respect to the patency of the ostum. On
the other hand osthal obstruction was Jess
frequent in the sterlle group at the initiaton
of treatment and {ts opening up occurred faster
than In bacterial sinuatis. Differences In the
viscosity of pus and anatomical vadations of
the ostrum might explain thrs difference.

On the bans of the experiments presented,
we consider that with doxicyclme the recovery
time m acutc maxllary stnuntis cannot be
shortened, if nmuoltancous weekly Irrigatrons
and dafly nose drops are nsed.
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61 Patienten, 39 Franen nnd 22 Mimner mil abper
h:hzrk!lq’odﬂllﬂ'ﬂtrmxﬂluuﬂnmhh'.h
ob i oraks Atk

der
Selret mbit Dodeyclin stimmite nicht mit der Heleags
daoer in den belden Gruppen fiberein. D Resubx
erpeben, dam die Behandlmporelt vou slwker mmak
hrer Sinmhis mit onler Venabrekbaog von Dod
cyclin nicht verlBrrt werden Lann.
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NEUROGENIC LESIONS IN THE CRICOTHYROID MUSCLE
IN IDIOPATHIC VOCAL CORD PARESIS

S Haglund, E. Knutwssor and A, MArtensson

From the Deportments of Owlermgology Clinical Physiology end N exrdlogy
Karolinsha Spiduset $tockkolm Sweden

(Recrived November 1 1972)

Abstrect B3 rwcordmpy were made from  the
crcatbeyroid

thyroid and in the vocal muecle in ifiopathic voeal
cord paresh.

1o Miopathlc vocal cord pnrnh. peripheral

geniclesions were ty found in the
vocal muscle whichhwppﬂedbylhomcur
rent laryngeal nerve (Haghund et al, 1972).
A neurogenic lesion abso In the cricothyrodd
muscle, which is sopplled by the superior
Iaryngeal nerve, would suggest an affection
of the wagal nerve, ot a more general Involve
ment of it branches, the two nerves onginat
ing from the vagal trunk and approaching the
tarynx by different rontes. On the other hand,

mmwm-.wwmtmm
Swedbh  hiedwa! Remarch The Panl
Fﬂn:htr]—‘mﬁ.

if the parcsis were restricted to muosckes in-
nervated by 1be reoutent faryngeal perve thn
would yuggest a more localised injury along 1te
lengthy course throogh the neck and thorax,
Support far the exmstence of occanonal leslons
in the soperior laryngeal nerve in cases of kho-
pethac vocal cord paress has been given
in previous investigatons. Thus, electromyo-
graphic stodies have shown cither an jncom-
piete interference pattern, or a diminhhed
manmum smpltude, in a few of the crico-
thyroid muscles examined (Faaborg-Andersen,
1957 Hiroto et al, 1968 Dedo 1970). Recent
analysis of the motor unit potentials In the nor
mal cricothyroid muscle (Haglund, in press)
grves a more reliable basis for the evaluation
cfpallmlodu.lchmmhnhhmu::lc.

In this in 1 graphy of
the ericothyrold muscles was used to determine
the pomible presence of lesions in the saperfor
laryngeal nerve in a teries of patients with
Hiopathic vocal cord paresis. For comparkon
recordings were also made from the vocal
muscles. The results indicate peripheral neoro-
genic ledlont in the cricothyrodd muscles of 8
patients, and in the vocal muscles m each of
the 9 patients. Thuy, it can be concluded that
in paticnts with iwopathic vocal cord paresis
there i3 frequenily & concomitant affection of
the motor axons to the cricothyroid and to the
vocal muscie.

Acta Otolarynz
P



64 S. Haglund et of

Table 1 Electromrographic data from cricotkyrold muscles tn idiopathic rocal cord paresis

ez &1 porma), oy o nooe. {roar
Duration Armmplitude Interference
Side EMG time Poly
ol Thne of after Mean and <2ms «0.15mV >0.50 mV phatic M amp
Try omset SD.,m ) () ) m my

Case mation (mouths) (moaths) & [399+140] [0-16%][10 | {IO:] ] Pattern [(T ]
1 Left 7 1.5 3 6950+295 [ 50 [ [} Tocomplete 02
2 Left 3 - D 548+_55 9 2 pal 13 Ipcomplets 03
3 Left 43 5 13 364100 10 o 3 5 Incomplete 08
4 Ldt NA(§ 3 7 69+ 05 1} [} [ 50 Ipcomplete 06
4 Right NI(§) 2 153814123 6 0 17 (-] Incomplets 0.7
5 Left Nd(7sy 313 3H 1614119 6 20 [ 15 Incomplete 03
3 Lefy NI(25) § 3 spes1 72 3 3 k3 3 Incomplete 0%
6 Right NU(9) 7 3 63)+101 4 16 20 16 Incormpicts 1.0
7 Right NO(9) 7 ¥ 539178 [ n 6 p1] Incomplcte 0.7
4 Right ¢ 7 N e 27T 1] 13 ] 17 Incomplexe 1.0
9 Ldt Nu(l9) 3 E] — —_ - — — Noac —
9 Lefy  NO(19) 10 27 313131 19 7 0 1" Incornpicis 1.0
b4 Left  NUI(19) 17 34 599:217 3 3 3s 9 Incommpletz 10

Duration and ampiitodes of the potentials 5.0 ms, 100 aY SO mt, 1204V 375 ms, 100 4V

MATERIAL AND METHOD

The patients examined were 6 men and 3
women with 20 age range of 31-71 years. They
were consecuthe cases with idiopathic vocal
~ord paresis seen at the Department of Oto-
ogology 2t harolinska sjukhuset from May

10 September 1972 The dassification of

¢ pareuss a3 idiophatic was based on an ex
tenme clinjal investigation which failed to
reveal any underlying cause The clinkal ex
ination mcluded laryngoscop X-rays of
the langs, the mediastmum  the skull and sknll
base, and of the ocsophagus. Laborstory tests
were taken of blood and urine to ascertain
first the possdble presence of diabetes mellitas,
thyteotoxicosts or a Juetic affection. In 4 of the
patients, the parenis was preceded by an upper
respratory tract Infection, probably viml in
ongm, occurring withm 1 month prior to the
onsct of hoarseness. In 8 pauents one vocal
cord was immobile, while m onc case thert
was a bilaters! paresis with an immobility on
one side and a decreased mobility on the other
Of the 9 patents, 4 regained normal mobihty

Acta Orolarrny 75

of the vocal cords 3-9 months after the onxt
of symptoms The remaming 5 cases were
under obscrvation 6-19 months after the ooxt
during which time the vocal cords remained
paralysed.

The vocal and the cricothyroid musclé on
the paralysed side were subjected to electro-

ap " This fnation
was performed on both sides 1n the cxse suk
bilateral paresis. In 2 patients, repeated electro-
myographic examinations were made.

In previous papers descriptions bave beea
given of the recording procedure m the yoal
muscle (hputrson et al 1969) and fn e
encothyrold  moscle  (Haglund, & prosth
Briefly the technique implies recording of the
electsomyographre activity danng qulet breath-
ing, phonation and deglutition. Dunng qox!
breathing, individual potentials could uszlly
be recorded and measurements taken of thef
doration, ampfitude and shape. As distioct
trom ngrmal muscles, a gdight acuvation W
tometimes needed to record action potc:‘-\!ﬂ’
from the cricothyrold muscles. Attempts We®
made to obfaln a sample of motor st P

m
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Table 11 Electramyographic data from cocal muscles
Patierrs and recordings a3 in Table 1 Data fram normal voal mascles in besckets.

Durstion

Amglrtode

Mean und
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Normal
Tocomplew
MNoos

| | oS3BBal
|| oomuG®olol | 'ES

[

30 m, 300 AV 6.5 m, 200 4V

» 30 ms, 30 AV

50 m, 300 AV um%v
€75 wa, 300 6V LTS AY S0 m, 200 4V

tmthh large cnough to permit a natbtical

L Owmg to parcsis, only
few action potentials could be recorded from
some of the mmscles Tn these, further electro-
myographic findings made a copclusire cvalua-
on possible.

RESULT

Data on action potentlals and interference
pattern from the clectromyographic examina-
uons of cricothyrodd and vocal muscles are
given in Tables I and II. For comparison, cor
responding data from normal muscles ars given
m breckets at tbe head of each column. For
cricothyrold muscles, these were obtained from
the study by Haglund (in press) and refer to
338 potentiahy in 17 bealthy muscles. In the
case of the vocal muxcles, the valoes were
obtained from the paper by Knutwson ct al
(1969) presenting an analysts of 469 potentials
in 18 normal muscies.

3 TN

The electromyographic pattern in the
cricothyrold muscles

As shown In Table I, the mean duration In
healthy encothyrold muscles was 3.99+1 40 ms
(SD). In indrvidual muscles, the mean dora-
tion ranged from 3.11-4 67 ms. Thus, fn the
cricothyrold muxcles in the cases with idio-
pathic vocal cord parems (Table 1) the mean
duration of action potentials was larger than
in normal muscles In the majority of the
muocles examined. In only 4 of the 13 examins-
thons way the mean dumatfon within normal
Umbts.

In afl the muscles with increased mean durs-
tion of action potentiak, dispersions were also
Increased. In consequence, there was an in-
ddmotpo(cnthh,bolhufnnrmalpol:nﬂah
and of with 1 d
Tbo’awt.htncrmcdd:unﬂm‘mofmmd
types. They wero of Jow or normal amplitude
and polyphasic thape (cases 2, 4 keft, 7 and 8)
or they were richly notched (cases 1 and 6). In
other patients, many of the long potentials were

Acw Owlaynx 76
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of {ncreased amplitude (cases 2, 5 at 5 mmonths,
6 and 9 at 17 months), some being s0 much
increased that they may be regarded as glant
potentlals. An increased Incidence of poly
phastc potentials was also observed. In two
cases (cases 2 and 6), polyphasic potentials of
both low and high amplitude were observed
Some of the low were typical nascent potentials
Indicating early reinnervation while the large
were mostly typical of later stages of remner
vation.

In 4 of the examinations, the mean duration
was within normal hmits. In the muscles of
cases 4 right, 5 (at 3.5 months) and case 9 (at
10 months) there was an Incldence of patho-
logic potentials, In the right-sided muscle of
case 4 potentlals of extremely large amplitude
Le. giant potentials, were observed. In case §
nascent potentials were observed at the first
examination 3.5 months after the onset of
hoarseness. Six weeks later these had dis-
sppeared and giant potentials were observed
stead. This change in type of potential is
typical of a muscle during reinnervation as
is also the change in electromyographic pat
tern observed in case 9 &t 3 10 and 17 months
after the onset of hoarseness. Thus, at the
first examination of case 9 only three po-
entlals could be observed despite every effort

ade to obtaln sn activation of the muscle.
Ncither was there, at this stage, any inter
ference pattern during phonation or degluyd
tlon. At the following examination, 10 months
after onzet, there was an increased incidence
of potentials of short duration suggesting fi-
brillation potentlals. In addition, an increased
incidence of potentials of high amplitude and
polyphasic shape was then identified. At a still
Iter stage 17 months after onset, there was no
increased incidence of short potentials, but of
high amplitade polyphasic potentials, which is
to be expected after a reinnervation.

Co t upon the abo foned find
ings of pathologic potentmls of the types
characteristically found at different stages of
reinnervation there {3 strong cvidence in
favour of the view that the cricothyroid muscles

Acte Otolaryng 76

in cases 1 and 2, end 4-9 were pertlally paretie,
due to peripheral neurogenic lesiony.

On the other hand, the actln poteamk
identified In the ericothyrold muscle tn oy
3 did not differ significantly from the polentak
in healthy muscles. The maximal amplitnds
(0.8 mV) dunng repeated deglutitions and
phonations recorded at several different sites in
the muscle was, however somewbat lower b
in normal cricothyroxd muscles (mange L2-
2.4 mV). Furthermore the {nterference mtiens
was incomplete. Thus, there might well bave '
been 2 partml block In the motor nerve szpoy-
Ing the muscle. Sinee the EMG from the voa!
muscle (Table IT) In this subject was ckary
indicative of a neurogenic lesion in this pock,
it seems a little far fetched to suggest a central
leslon as expl y of the Jow amplrwds b
terference pattern in the cricothyroid How
ever it must be taken into consideration tht
the recording of a slight deviation from normal
interference pattern does mot in usell ght
unequlvocal support to the presence of ax b+
Jury Even in healthy muscles, the recorded
activity during phonation and deglutinon ma}
be low at certaln points within the e
thyrold muscle. Consequently 1t s not poss¥
to declde with certainty whether ar pot thert
was a parinl nerve block.

Comparison of the EMG from the vocal

and the cricothyroid muscles

In 4 of the subjects (case 4 right, case 5
35 months after onset, and cases 6 and §) U
EMG revealed e Increased incidence of sbort
potentials in the vocal muscle, indicatrre of
the presence of fibrillation potentlals, asd ths
of denervation. In the cricothyrord muscks 2
the same subjects and at the same time altef
the onset of symptoms, there were Do L
of denervation and only normal potentials 89
potentials charactertstic for reinnervation wert
observed. This fact support the view that ©©
innervation fn the vocal muscle in these ¢85
lagged behind the reinnervation in the crie>
thyrold muscle, In one of these (cax 9 B
which an examinstion was made af a L&

)

\
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Fig. 1 Action potentials of different types (marked
1 1 recorded fram vocal and crieotyrold roncas lo
idtopmthic vocal cord paresle. Horhwaotal bars are 2 m

stage (5 months as opposed 1o 3.5 monihs aficr
onsct of paresls) this difference 1n clectromyo-
graphic pattern had vanished, both the vocal
and the cricothyrold muoscles showing 1o
inucrvation potentialy, but lacking denervation
potentiakt

In 3 mbjects (cases 1 2 and §) the activity
fo the vocal nmncle was almost completely
blocked, whereas in the cricothyrold muwscles
thete were signt either of eardy or more
advanced relmervation.

In the cricothyrodd s well a3 in the vocal
muosclet, polypbatic poteudals of 3 different
types were abserved. These types are {Mustrated
m Fig 1 Two types of potential charseteristic
of reinnervation are shown in A and B. The
poientlal marked 1 & a polyphasic potentml of
large it and | jon. The
potential marked 2 is the ow amplitude, poly-
phasic potential of nascent type that in erico-
thyrodd muscle wsually was of & somewhat jn-
creased duration. The third type of potentul
b flostated In C and D by two potentak
characterised by having one compound sction
potential of an amplitnde and duration thay
are both within the normal Tanger To hiy
b added a serres of smaller waves thas either
follow directly after the large action potential
wave (potential 4) or preceds ths (potenth 6).

d d

Vertiul tacs fn A and C are 104V B B2 D
N pY

DISCUSSION

In 8 of the 9 patlents an mereee? —er 2oy
tion of potentials was fomn? = &£ zoxr v
emmumation of the et e ot
additton, thete was 1= brmrere? mdory 4f
potentinhs with hugh ¢~ low £inude 1r zrfe
phasic shape, &3 %<7 = 2 mermoee v
ference pattern of k= eroitite “eor Tt
Ings show that per por  preer R P e
Amynp-lhyhn:;-'?x(zizr, L s e
tents, a5 fn tta. arv e mean foerie of
the potentes (b, it mesy e g
1o that of coms” minte L ope geirmcet
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Thus, concomitant Jesions in the superior and
the recurrent laryngeal nerves seem to be a
charactenistic feature of Idiopathic vocal cord
paresis.

The findings cited above do not necessarily
imply that the laryngeal muscles are subjected
to a partial or complete denervation in the
occastonally observed idiopathic vocal cord
paresis of duration shorter than 1-2 months.
In patients with idiopathic facial paresls, fibril
lation potentials were observed in only 40 .+
of the patients, when successive electromyo-
graphic examinations werc made starting
within less than 2 weeks from the onset of the
disorder In the remainder conduction block
was reported. The majority of these cases re
covered within 2 to 3 months after the onset
of the paresis (Taverner 1955 1959). Whereas
patients with idiopathic facial parmlysis evi-
dently consult the physician soon after onset
of the disorder the majority of the patents in
ths and in a preceding communrcation (Hag-
lund et al. 1972) were not available for electro-
myographic examination until 2 months after
onset of hoarseness, The possibility must be
taken into consideration that there are some
\patknu who suffer from hoarseness doe to

Idiopathic vocal cord paresis, and who re-
2 within & month or two without having
" “consulted a physician snce they do not find
thelr symptoms sulficiently alarming

A later reinnervation of the vocal than
of the cricothyrold muscle was observed
in 4 petients in the present study If axon re
generation was the only mode of reinnerva-
tlon this may suggest that the lesions of the
motor axons are situated more remotely from
the vocal muscle than from the cricothyroid.
However severe infuries tend to increase the
initlal delay and decrease the rate of axon
regeneration (Sunderland, 1947). The observed
lag in relnnervation of the vocal ay compared
with the cricothyrosd muscle may ako be ex
pected if the motor axans of the vocal muscle
were more severely affected. Since the degree
of injury to the motar axons of the two muscles
is not known, the site of the lesions cannot
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be determined. Further difficulties in trymg ¢
estimate the level of the nerve imjury u
ed when iderfng that axeo n
generatlon was probably not the oaly med
anbsm of refnnervation. In all of the two &
ferent laryngeal muscles Investigated, some ¢
the recorded potentials were of normal tyx
which indicates that some of the motor 11w
were viable Thus, the possibility exists that som
of the muscle fTbres were refonervated «
the bifurcation of viable axons (cf Hines ¢
al. 1945 Hoffman, 1950 ven Harrerek
1952). Some indications as to the mode of 1
innervation might be obtained from the amlym
of the shape of the polyphadc potentiah. Som
bad normal duration and conssted only of
series of repetitive spikes (¢f Flg. 1) sugpest
that they derived from discharges occurrin
exclusively in recently relnnervated mmd
fibres. Others were of long duration and con
sisted of smooth waves, preceded or succeed«
by notches and spikes suggestmg that thy
dertved from & normsl motor unk, which b
sprouting mechanism had included previous!
denervated muscle fibres (¢f Flg. 1 CandD)
Previous clinfeal studies reveal that a voo.
cord paresis may be clasufied a3 idopathic &
about one-third of the cases (Willams, 195)
The present examination bas demonstrated |
frequently occurring concomitant injary of th
supentor and recurrent laryngeal perve Iz pp
tients with Idiopathic vocal cord parests. Thes
findings taken fogether suggest that st ket
myographic examination of the vocal and th
cricothyrold muscle thould be performed 1
cases of voceal cord paresis in which the unde
Iying cause is unknown. Obriouly there b
great chance in thess cases to deonsiate B
presence of injuries to metor pOnS I
muscles. Such findings polat to the dis
of an idiopathic vocal cord peresis meking
Iatent malignancy affecting the recurreat o
in the lower neck or fn the thorecic &
less probable.




ZUSAMMENFASSUNG
1 EMC-Aufrek des ML dderrs wirden
&0 9 Pathenten mit Stimmbanditmeng

vorpmonimen. Bel 8 Paticnten war die Paress dnsel-

[ worde ¢ne EMG-Untersochung 1 17 Monate nach
der durchge{Ghrt, bei 2 Patlenten
hirgegen 2 oder 3 Untersochnngen In venchledenm
K s wur

schen Stimmbandifhmung
thyreoldeus aky such am hL vocally suftreten.
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candal
from the midlipe serves the same purposc.

The methodology of caninte Iarynx transplants-
tion has been described in some earlier publica
tions (Ogure et al, 1966 Silver ct al. 1966)

We ourselves have performed such trans-
plantations and recognired that the technique
of canine larynx trapsplantation—both the
peincaples followed and the practical perform
ance—thould be made available to others as
this would facilitate the work of future inves-
tigators. It [s with this in mind that we report
on the method which, In our experience, has
some advantages.
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The dogs

We have used mongrel dogs of roughly eqm
sire Naturally big dogs have larger bioo
vessels and, since one of the main techmia
difficulties in larynx transplantatson b5 pre
sented by vascular suturing, it is of advantage
to use fairly big dogs for this purpose.

Surgical conditions

Transplantation of the larynx 15 so dermanding
a procedure, both surgically and from the pout
of view of the distress caused to the anima,
that all the circumstances should as far
possible be comparable to those applying 10
Iaryngeal operations on humens. The dop
must be In good genera) healih The condiked
in the operating room as well as rgied
ascpus, ancathesla, and the facilnties for blood
transfusions and clectrolyte admintvtratio
should be comparable to those under whkh
strilar operations are performed on man. 19
fluld adminmtration, special regard shoald b
had to the relatively small weight of the dof
and the danger of fluld overdosage

Preoperative preparation

Ancathesia Iy induced with Hypoostan
venously (preferably using a long plasix o=
nuls which is pushed sufficlently deep o
the vein and remains firmly in place during the
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Fiy I The tramplaned laryntepecimen n ibe
middle of the pictnre. The figure shows the arterhal

operation). Before Intubation the dogs recehve
an intravenious dose of 0.5 mg of atropme.
Intubation is carried out and the tracheal tube

and venous aatiomosen w0 be made to the rebevant
vesschs of the reciplent dog

usnal way The dogs are placed In supine
pasifon with each Jeg tied scpanately to the
corners of the operatmg table. If only one

d to the b PP For
breathing gas it is of advantage to usc a com-
biration of oxygen and nitrous oxide, the
former in 20% concentration Relaxation b
ocither necemsary nor desimble i dogs. To
malntam an adequate level of anesthesu, smali
sdditional doses of Hypnostan are given. For
checking of acd-base balance, micro-Astrup
valoes should be recorded at safficiently fre
quent intervaly and possibde changes in this
balance corrected. In a number of cases, so-
dium bicarbonate must be given towards the
end of the operation to prevent acdoss.

Other general preparations

The general rules of surpical asepsis are fol-
lowed. The peck fs shaved sfficiently widely
and the ares cleaned thoroughly with Beta
dine. Operation towels are employed in the

fon team bs the operation is
started by first dissecting free the larynx of
the donor dog in preparation for rts complete
exasion after thn is done the larynx of the
recipient dog s dhsected and exched. The
donor larynx Is then exclsed, kept under hypo-
thermie perfusion, and transplantation per
formed. The blood of the donor dog 15 col-
lected into citrate-containing transfusion bags.

Excision of donor dog s larynx

A U-incision s made so that jts bottom cor
responds to about 3 tracheal rings. The side
limbs pess slightly lateral to the external jug-
ular veins, extendlng upwards to the level of
the hyold bone. The skin flap thus formed
s scparated by sharp dissection and fixed with
w sheet clamp to the submental reglon of the
dog.

Acts OF"
-~
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The external jugular veln 15 exposed at the
level of the Infedor border of the inciion
proceeding to the arcus venosus without, how
ever attempting to remove wholly the mem-
branes protecting the arcus. The veins running
from the arcus to the submental area arc
ligated about 2 cm from the arcus, thus sparing
the smalt brenches possibly passing to the
larynx to be excised. Mercilen sk 3-4-0 1s
used for ligature The external jugular veins
are ligated immedmtely cranal to the branch
golng to the arcus to prevent the development
of 2 venous cul-de-sac, which might ecause
thromboses. The muscles covenng the larynx
are removed, taking care that the cranial
thyroud arterses are not injured even though
the muscular branches are ligated. In this
connection the thyrold gland and parathyroid
are also exposed which structures arc re-
markably mobile and easily damaged during
dissection They must be included undamaged,
in the specimen because the corresponding
argans of the recipient dog arc alo removed,
and therr mclusron will prevent the develop-
ment of hypothyroidism and hypoparathyroid-
m. The common carotid artery fs dissected
) from its bed with great care but without

.ng to remove the thin membrane covering

artery Thick silk ligatures arc now passed
“immediately below the bifurcation of the com-
mon carotid in readiness for its subsequent
sthasiom

The approach to the pharynx in the donor
dog is made between the base of the tongue
and the arcus venosus working above the eph-
glottis The aim 13 to mclude as moch as
possible of the mucosa In the cranial durection.
The hyoid bone Is transected and the remain-
ing, caudal part of it (the basthyoideum) in-
cluded in the specimen The mucowa is cut
obbquely backward and downward, the oesoph
sgus is cut at the border to hypopharynx, dis-
sectlon being continued behind the hypo-

pharynx and incloding it n the specimen.

The trachea Is transected leaving 6-7 car

tilages atteched to the specimen and attempt

ing to leave &8 much as pomtible of the para
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tracheal tissue to be tncluded. The dog b give
heparm Intravenously 1 mg/kg. The previoust
placed carotid ligatures are tied and the caroty
arteries divided cranfally The caudal parts o
the carotid arteries are ligated or clamped
The external fugnlar vein & clamped as bov
dowrn as possible and these veins are divided
whhout ligating them after sectsoning of th
artenies. Immediately after thn, one common
carotid artery is cannulated from the cranm!
end using a catheter which Is fixed in position
with a ligature passed round the carotid artery
Hypothermie perfusion with the followmg con-
position is started.

The composstion of the fluid for cold per
fusion is: Haemaceel, 450 ml Gluc, 0% 10
m! Lidocaine 1% 10 m! NaHCo, 75%
10 ml Heparin 25 mg.

The same solution can be perfused throogh
the contralatera! carotid with a syringe. Trans-
plantaton can now be started. A sign of good
effect of the perfusion s that the tissues be-
come increasingly pak and the perfution fhnd
dripping through both jugular velns rapidly
becomes clear

Preparation of recipient dot

The incision s made as described above Ex
posure of only the mamn branch of the juzuly
vein §s needed. The branch to the arcts wWnose
is ligated proximally on either side. The cranit
thyroid artery is cxposed, lgated progmal
and divided bilaterally The velns passmg op
ward from the arcus are ligated, as in the ca
of the donor dog The laryngeal exemion &I
fers from the one described above fn that #
little pharyngeal mucous membrane &3 possibe
is included in the specimen now to be removed
The trachea i1 transected at the lTevel of the
2nd-3rd tracheal ring.

Transplantation

During contmuous hypothermic perfusion e
donor larynx is transplanted to replace the
reciplent s larynx. The contralateral side o
the perfused carotid artery of the transplant B
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first ansstomosed by removing from the ca
rotid artery of the recipient, about hail the
length of the carotid In the vascular pedicle
of the transplant. Tedvek 50 is used for n-
tures. Continuous ilmple tutures arc made.
1t is advisable to flush the anastomotes with
1 50 beparin-saline solution, and also to give
the recipient dog intravenous hepann, 1 mg/

s continued up to the base of the tongue,
and the last suture m made with chromic
catgut 30 The drvided parts of os hyoudcum
are stitched together wslng kmots of chromic
catgut 3-0 and the muscles between the recl-
pient and the transplant are approximated with
the same suture mxterial and techoique. The
recipient s trachea is pulled out through a

kg, before clamplng Without 1 g the
carotid clamps, the external fugular vein com-
ing from the arcus is then anastomosed end-
toside to the recplent doga jugular ven,
usng the same suture mmatenal The veln
should be cut obliquely to ensure good poution
of the tramsplant and good perfusion pro-
pertics. Flushing with hepzrin of the anastam-
osit s recommended, a3 above A i

par {ncufon in the skin above the jug-
ulum and secured to the marging of thhks
wound The trachen of the tramsplanted speci-
men B sutored to the skin border slightly
lateral to the midline The skin flap & ap-
proximated again using knots of chromic cat
gut.
AR four lacyngen] gerves are cut durlag the
don. No re are made. Dur

sutore s used again, starting from the acute
angle of the anastomosss and suturmg first
ome, then the other side. The continuous conng
of the perfusion flutd from the vein is favour
able from the point of view of stunng and
thus there is no reason to clamp the veln of
the transplant The procedure is continued
on the perfused side by first anastomoing the
candal end opposite to the perfnuon cannuta.
Finally after anastomosing the otber branch
of the venous arcus, the last (cranial) end of
carotls B sutured to the reciplents carotid
ariery At this moment the perfusion nt dir-
continned.

A beg of blood from the donor dog 18 placed
n drip position and the transfuslon started
The clamps are remorved. finst the vein clamps,
then the cranial clamps on the carotids, and
if no masnve bleeding occurs, also the candal
clamps. Minor fet-like hemortheges usually
cexse rapidly and the application of a warm
moist towel to the anastomoses promotes ther
final tightening. Blood I8 given according to
the amount of bleeding

Suturing of the mucouts membranes 1s started
by splitting longitudinally the hypopharynx of
the trampiant on the dorml mde. Starting
candafly at the middle, the pharyogeal mucoms
membranes are with Merel

mrg operation the dog recerves penicillln in
squeous solatron 5 mill. mits

Pastoperative stage

Electrolytes aro checked dafly by recordmg
mxcro-Astrup values, The physiologiea! fluids
wdministered per day amount roughly to 1 000
ml/15-20 kg. Heparin b5 given mtravenously
tnce daily 1 mg/kg mixed with flnids. Flec
trolytes arc grven as requred. Untll the dog
awakes and 5 able to turn acthely it bat to
be tarned from side to side at Intervals of
2 hours or kesy When required, arnificral re
spration (Bennett) is instriuted. Maintenance
of a relathely high humidity of the air & of
advantage, s is the use of preparstions of
Bhsolvon type if needed Admunistration of
squeous penicillln solution i ly is
indicated for at least & week. Ocdemma of the
faws for 2-4 days can scarcely be avolded.
From the 3rd postoperative day onward, the
dog can bave access to small amounts of water
which can be ipcreased of not very much of
the swallowed fluid oores out through the
transplanted larynx and trachea. Antiemeticy
can be used to prevent vomiting. Feeding by
maouth can be started when it seems suitable
1 each indrvidusl case The state of the larynx

silk 3-0, leaving the knots on the ontside. Thus

can be followed by & fon through the
open end of the transplant The wse of mild

Actar
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snti-mflammatory medication may be bene
fictal during the first two postoperative weeks.

DISCUSSION

The above-described method of transplantation
has the following advantages:

1 The blood circulation 1n the transplanted
larynx is as physiologic & possible, the arterial
bicod enters the transplanted specimen {rom
both sides through the cranial thyroid arteries
and the brains artermal supply through the
carotid arteres Is only temporarily blocked.
The venous drainage Is practically normal from
the venous arch to the external jugular veins.

2. The continuing cold-perfusion keeps the
transplanted larynx In good condition and
gives the surgeons plenty of time to perform
the operation without hurry and stress. It is
also advantageous for the suturing of the
snastomeoses that the perfusion fluld keeps
the vessc] orifices open which facilitates the
technical performance

3 Transplantatron of thyroid and pamthyr
ofd glands in the same specimen together with
tarynx secures the relevant hormones for the

og n pastoperative period
/)4 Transplantation of hypopharynx in the
same block together with larynx maker pha
ryngeal reconstruction easler

5 The infusion of donor dog s blood to the
recipient dog helps the animal to survive the
operation.

6 The scparate tracheostoma keeps the
pharyngeal sccretions out of the trachea and
lungs, thus protecting them from infectlon
The idea of suturing the caudal opening of the
transplanted specimen ande from the midline
serves the same purpose.

Complicatlons

We have lost dogs (1) because of excessrve flud
infusion, which resulted in long-oedema (2)
because of thrombosis of one of tho carotid
arteries, which was caused by 2 too sparing use
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of hepann, and (3) beeanse of infection appar-
ently due to inadequate ascpus and sterify
during operation and Insufficlent postopenathe
care.

Comment

To save dogs it would be benefictal Just to
exchange the dogs throats. The anatomicd
conditions of transplantation are then some
what less favourable for reconstruction aad
of course the blood transfusion from the donor
dog cannot be performed.

ZUSAMMENFASSUNG
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THE PATHOLOQY OF SUDDEN DEAFNESS

H.F Schuknecht, R. S, Kimura and P M. Naufal!

From the Departmenrt of Otoleryagology and the Laboraiory of Electrom Alkrorsopy
Messckaserts Eye end Ear Infirmary Henad \Sedical School Boswon Afass. USA

(Recyirved January 31 1973)

The two most popular concepty to explaln
these cases are viral labyninthitls and vascular
jon. The ad of these theories

BT ear hemorrhuge (lenkemia), macroglobn-
Unemia, ocdusion of the postenor  inferior

cephalomyehith, gioma metas-
12t neoplasms, ibat Me
mwere s disease and severe cochlear otosclero-
8. These cames for sudden deafness aro
abundantty docupented in the Iterature.
There are ko many cases of mdden deaf
Bew in which the etlology f not so obvious.
Presest addrem,
Rext @ Collegamn ORIAS 1o Bornee T8+

s TN

of the pons,

necessarily base thefr judgements on chinical
observations because supporting pathologicsl
material is lacking. Other keas, such as idio-
pathic rupture of the cochlear doct or -
volvement of the central auditary pathways
seem oo umprobable to desene serions
thought.

In 1962, a report emanated from this labo-
ratory (Schuknecht et al 1962) describing
the pathological findings in the ears of four
Individzal who experkenced sudden deafness
of unknown canse. The interpretation evolved
at that time was that the cochlear changes
were mmilar to those known to occur in
buman labyrinthitis of known viral etiology
such as mumps, rubells, and morbllli, and dn-
simflar to those occurring in animals follow
ing expenimental obstruction of the artencs
or vens of the inner ear

Since the 1962 report we have added over
700 newly acquired human temporal bones to
our collection and among these arc four ad-
ditiomal tpecimens from individoals who ex
perienced sudden hearmg loss of unknown
Quse.

The total number of cight ears are from
six individuals with unilatcral sudden deaf
ness and one Individual with bilateral sequen-
tial sndden deafness. Four of the seven in-
dividuals were mal and three were female.

Acte Otoleryng 76
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Table L

Deafnen to Test to Death to
Specimen Sex Age Ear artopry autopsy autopry
1 AP ? x» R yoart 3 weeks bours
2 BH 9 4+ L 11 manths 6 roonths 15 houry
IMT é 51 R 15 months 14 moaths hours
4 BW-L ? 1 L Dyears 20 yesrs Unknown
5 B.W-R o (1] R 20 ycan 20 years Unknown
6 H H. 3 5 R 9 days 6 dinn
7PC 3 6) L 4 years 4 yean 13 hoary
8 Gs 3 68 L 19 yaary 19 yeans

Therr ages at the time of onset of sudden
deafness ranged from 39 to 68 (average 55)
years.

The distribution between right and left sides
was equal (four each) The time span from

deafness to death varied from 9 days to 33
years, the interval between audiometric test
and autopsy ranged from 6 days to 20 yean,
and the delay from death to autopsy varkd
from 6 to 20 hours (see Table I).

Our studies of these ears mnclude grapine
reconstruction of the cochleae of both an
of cach individual Thus changes in the vark
ous cytological elements of the sense or
gans as well as the cochlear neuroms, o
plotted as a function of distance alosg the
cochlear duct. By recording the specal dis
tribution of pathologwcal changes In the cock
lea comparison wath the opposite car is fad
litated and more accurate correlations can b
made with the audiometric findings. The sif-
nificant data for each ear is presented @
charts which show the eudlogram above asd
charts of cochlear pathology below The fre

- .S ax LS

oA o |

$ TA 3w (®
0 4
0 30
40[ ap
- c f o »
10! o\o———o\o__% <re
L} 1w
f 4o
- e
nof w0

How Calls

fes of the audiogram are plotted o e
anatomical frequency scale, that is, thelr k-
cations along the abicisa are plotted fn &
cordance with their known arcas of great
est physlological responsc along the cochiet”
duct. The lower scalc indicates distance sonf

ArEx ISTANCE o WM sas
Fig 1 Ear 1 Cme AP Aldiogram and cochlear
chart of the Hght ear of a woman wbo at the age
of 39 yeans experienced mudden right heartng lom
while saffering from a hesdcold. D-A = tlme nterval
bﬂ‘:tndc-thmdnmop!y-ndrdzhcthmhp-
between the test of hearing and antopey
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the cochlear duct beginning at the basal e
and the black Mling In the charts sbows P
cent of clements mmmgubuedﬂﬂ“ﬂ'
mates agreed upon by the aathors

CASE HISTORIES

Ear I Case AP
At the age of 39 while saffering from ?
headcold, this woman awakened in the mort



g to dhcover that she had a hearing loss
and tnmims in her tight ear These symp-
toms persisted and 20 years Iater at the age
of 59 audiometric studies were formed while
she was bospitalized for terminal diffuse car
cmomatosis. Thero was a 60 to 70 dB com-
bined sensorincural and conductive hearing
lows in the rght car (Fig. 1> Loudnecss re
cruitment (BLBT) was complete for 250 Hz
and 1000 Hz and incomplete for 4000 Hz
The left ear showed a 20 to 25 dB hearing

The pathology of sudden deafness 17

ary shmmken. To accooplish rapld flxathon,
middle ears were injected with 10% formafin 30
minutes after demth.

both

shrinking of the organ of Cortl and stria vas-
culars an the basal 12 mm of the cochlea
although all cytological clements, Incloding
the hair cells, can be Hentiffed throughoat
the cochlear duct (Fig. 2). The tectorial mem-
brane b abo shrunken throughout the eoch-
lea. Retuner's membrane is in the pormal
poution. There o a slight loss of cochlear
neurons Jo the basal tomn, similar to the op-
posite ear

The wall of the saccule Is ruptured and

loss ch erized by a flat aund! ic pat
tern. Death occurred 3 weeks later
Histologren! stody of the right ear shows

1L d onto a fine network of flbroas tis-
sue which les between it and the macula
(Fig. 3) There is & loss of more than 90%

Acta Ototaryay 76
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e

of the hair cells of the saccular macula. The
utricular macula and the cristae appear nor
mal.

The left ear shows normal semsory struc
tures throughout. Both carx show a small
focus of otosclerosis at the anterfor margin
of the oval window with a tmall area of fi-
brops fixation of the footplate of the stapes
(Fig. 4). The cochicar endosteum i not In
volved by the otosclerosis in either ear

Comment
Sudden unilateral sensorineural hearing loss
occutring In mssocration with acute rhinitls
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ruptured snd collapwed. Mot of ths hair
the maculs are mimng. There i a netaork of
theue between the macnta and tho mcoubsr 34l

ks suggestive of a viral etology The

heaning loss iy probably accounted for

atrophic changes 1n the organ of Cor
stna vasculans in the besal turn anc
trcularly by the atrophy of the tectorml

branc which has occurred throughout
cochlear duct. Degeneration of the s
in amociation with the cochlea sUpp
viral ctiology for cochleosaccular degener.
15 a characteristic finding in deafness of kn
viral etiology such as rubella and mumps (1
say ct al, 1953 Lindsay et al, 1960) It
doubtful that the otoscleronic focus is of £t
cance in the pathogenesis of the sudden bet



Cam AP

Otoxclerotie foous at the
margin of the oval window of the nght car

loss becmuse the foas b small and does pot
involve the cochlear cndostenm.

Ear2 Case BH
At the age of 43 this woman )l d of
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1

The endostcum of the cochles B not imolred. A
dmllar ksion b present In the cootralateral esr

The opposite car thowed a semsorincunal
heanng loss of about 30 dB charscterired
by a flat audwometric pattern and speech dis-
crimination of 88% She exhibited ulight
ataxis but no nystagmus, and cold caloric

a sore throat. Examination revezled “white
patches” in the pharynx and she was treated
with Gantricln. Two weeks after the onset
of the pharyngitis she awakened in the morn-
ing and expertenced unsteadiness and & gpin-
ning sensation which was aggravated by head
movement Two days later she noticed a hear
ing lom and tinnltes in her kft ear When
sudiometric tests were performed 4 months
later the left car showed a 40 dB sensorn-
neural hearing loss for the low frequencies
and a profound lass for frequencles above
1000 H. by both conventional and Békésy
sudlometry (Fig. 5. Loudness recrultment
(BLBT) was tncomplete at 2000 Hz Békédsy
sudiometry showed a type 1 pattern and the
speech cisenimination score (PB max) was
zero for that ear

T were sy ical and considered
to be normal The patient bad been fl for
many years with ulcerative colitss and, in spite
of medical and surgical treatment she died
of peritonitls at the age of 44 11 months af
ter the onset of sudden deefness fn the left
ear

Histological study of the left ear shows the
organ of Corti to be severcly atrophied in
the basal 11 mm of the cochlea (Fig. 6) Thus
b5 the only finding which & different from
the opposite ear Both cars show a normal
posilon fo  Remner's membrane, patchy
strophy of the stria vascularis in the apical
halves of the cochleae, shrmkage of the tec
torfal membrane and slight loss of cochlear
neuwrons in the middle parts of the basal turns.
The vestibulac sense organs appear normal
in both cary.

Acta Otoharrag 78
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Fig. 5 Ear 2, Case BH Audiogram and cochlear
chart of tbe left car of a women who at the age of
4) yearn cxpericnced sudden keft dealnem duting sn
cpbsode of acute phanyngithe

mment

1s not possible to determine what role if
amy the pharyngitis played in the chology
of the sudden deafness The occurrence of
vestibular and auditory symptoms in the ab-
sence of other ncurological manifestations,
as well as atrophy of the organ of Corti In
the basal turn implicate a Iabyrinthine rather
than a central etiology for the sudden deaf
ness. The clevaton of thresholds for pure
tones fs adequately cxplained by the atrophic
changes in the organ of Corti and stra vas-
cularis. The pathological basls for the zero
speech discrimination score 15 not obvious.

Ear3 CaeMT
Following & kft pocumopectomy for carci-
noma at the age of 55 this man suffered
from chronic respiratory insufficlency At the
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age of 63 he developed & nasopharyngiths and
was hospitalized n acute respiratory distress.
Treatment consisted of antibiotic medics-
tion, a tracheotomy and use of a mecham-
cal resprrator At this time he noticed bexr
ing loss and tinnitus in his right ear He
denied expenencing vertigo at any time. Av
diometric study 6 weeks later revealed & pro-
found hearing loss in the right ear (Fig. 7
and & moderate combined sensorneural and
conductive hearing loss in the kit car He
could not hear & loud shout in the right
car when the left wns masked with a noix
box. Caloric tests using 5 c¢ of water at 80'F
gave no response on the right and a norma!
response (85 sec) on the left. He died of re
spratory insufficlency and leukembr U
months after the sudden right hearing loss.

Histological study of the right ear shows
severe atrophy of the organ of Cortl, co-
sisting of flattening of the cell mass, severe
loss of hair cells, collapse of pyllars end &+
tortion of Hensens and Daters cels. The
limbus is atrophfed in the basal torm. Resr
ners membrane is collapsed onto remneafs
of the organ of Cortl in the basal turn ed
1t 1n the normal position elsewhere, MM
atrophy of the stra vascularis in the apial
reglon and of the cochlear neurons b
basal turn s the same as in the opposite &
The vestibular nerves and scnsory structers
appear normal

The left car shows atrophy of th orgtd
of Cortf at the extreme basal end of the cocr
lea consistent with sensory presbycuss. The
vestibular sense organs and nenes appear £l
mal.

Each ear shows two fdentical small fod o
otosclerosly, one involving the posterioc pft
of the footplate with a small arca of ankyis®
to the oval window margin (Fig 8), snd the
other involving the margin of the round wi™
dow

Comment
It scems probable that tho acute upper l‘tﬂ;
ratory infection is etiologically related f0
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sudden hearing lost. The profound hearing
lows is sdequatety accounted for by the severe
atrophic changes In the organ of Cortl. The
dimmished caloric response cannot be ex
planed on a histological basis. The otosclero-
ue focr are probably of no ctiological g
mificance to the sudden hearing loss as they
do not mvolve the cochlear endosteum.

Ears 4 and 5 Case B W (Courtesy of
Professor Luzius Ritedi)
According to available history at the Unrrer
sty of Ziirlch this woman was born in 1856
and could hear well in both ears until 1903
when, at the age of 52, she muddenly lost the
hearing in ber left ear Subsequently she
noted some degree of progressive hearing loss
m her right ear but coold hear fakrly well
until 1921 when, at the age of 65 she
oneakened ot 2 am end notced & total low
of hearmmg in her right car amochated with
tmnitus, vertigo and headache. E inatlon
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the same ax the oppeniic car and therefoce reprosents
preparation artifact. The siria vascularis b normal
In thhs reglon.

on the followmg day showed that she could
not bhear a shouted volee or shrll whistle 1n
dlhcfcu In 1941 at the age of 85 she

italized at the K ital, Umiver
rhy of Zarkh for a fractured femur fucum:d
in an fall. Otol 1

at the time by Franz Escher (now Professor
and Chairman of the Department of Otolar
yngology Unlversity of Berne, and current
President of the Collegrom ORLAS) revealed
bilateral sovere sensonincural deafness. She
died 2 months later and the temporal bones
were remorved for histological stody

In the left ear the organ of Corid b 1o-
tally misung in the basal half of the coch-
lea (Fig. 9 In the apical half the supporting
cells are well preserved and at the extreme
apex a few umer hair cells can be identified.
There is severe atrophy of the strin vascularis
und only {solated areas of sirhal tissue remain
in the apical half of the cochlea. The tectorial

b sppcars normal and Refmner's

Acta Osolarywg 75
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utricles and canals it normal The saecahar
lac a1 well as the other vestibular sense

organs and nerves appear normal Both eany
also show Iarge patent cochlear aquednets
(Fig. 12) The loss of cochlear neurom &
nearly symmetrical and may be the resuht of
primary ncurnl atrophy of aging.

This patient experienced bilateral sequental
sudden deafness with an interval of 13 years
Although historical detall 1t incomplete, it &
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Fig 7 Ear 3 Case M.T Andiogram and cochlear
chart of 1he Tight ear of man who at the age of 55
yeans developed sudden deafness in hb right ear n
moclation with an upper respiratory fofection.

2
arex (1314

r))mbmnc 15 in the normal posmtion About
10% of the cochlear neurons remain in the
basal 20 mm of the cochlea and 30 to 60%
1n the apical repon.

In the nght ear the organ of Cortl is miss-
ing in pert of thc besal turn but in the re
mainder of the cochlea the supporting cells are
well preserved and about 50% of the hair cells
can be identified (Figs. 10 and 11). There
13 patchy atrophy of the stria vascularis in
the apical half of the cochlea. The tectonal
membrane appears normal About 10% of the
cochlear neurons remain i the baml 8 mm
of the cochlea, 30% between & and 17 mm
and 60% In the remaining arca.

Both ears. In both ears the saccules and
reumting ducts are about twice normal mze
whereas the size of the cochlear ducts,

Acta Otolaryng 76

known that she had headache on the oceasim
of the heanng loss in the second (right) ear
She had no known systermic discases and v
vived 20 years following the hearing loss b
the second ear In the left ear the severe
atrophy of the organ of Cortl is adequate to
explain the heanng losy. In the right ear bos-
ever where nearly 50% of the hair cells re
main, it must be assumed that tie fonctionsl
capability of these remaining cells was fm-
paired. The finding fn these eary of similer
mnatomical vanants leads to speculation re
garding their possible etiological sigmficance
for the bilateral sequential sndden deafiest
In this regard, the large cochlear aqueducts
may be of dgnificance, for it is concelvabk
that viral particles circulating in the cerehro-
spinal fluid would find a more ready geces
to the inner ears.

Ear 6 Case HH (Courtesy of Dr Jan
Beekhuos)

At the age of 57 this man began having 8=
vere cpisodes of vertigo with nauen o
vomiting associated with a progresuve los
of hearing in his left ear Vestibular and and-
tory tests as well a3 the history were typeal
for left Menitre 3 discase. He recefved a varr
ety of commonly nted medicatrons while B>
der the carc of Dr Jan Beehhus but co®
tinued to have frequent severs vertiginoo
eplsodes.

Onc year after the onsct of these symP
toms, at the age of 58, he suddenly developed
scvere hearing loss in the contratateral (nght)
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ear He mwakened at 4 am., noticed that he
could not hear went to sleep and awakened
again at 6 am. to note that he still could
not hear and had a roaring noisc in the right
car He stated that be had the feeling of
having a beadcold for the previous 3 dayx
Examination that day reveskd pormal tym-
pankc membrancs, nose and throat. Pure tone
audiometric studles showed a severe sensork-
neursl hearing loss in the nght car (Fig. 13),
83 well a3 the previomly recorded mod

ear
the

6.2, globulin 1 4 AG mtio 44/10, and bill-
rubin pegative. The glacose tolerance test
gave the following results: Fastng, 127 3/4
hour 230~ 1 hour 210 13} hourx, 120 33}
houry, 75

Audiomtiric studies 3 days haer showed
no improvement in hearmg. Caloric tests wlth
5 cc of ke water chated o very munmal
response on the right dde and a slightly re
duoced rctponu on the left side

severe semsonneural hearing loss fn the left
ear due to Menkres disemse. He was bos-
mtalized and given anticoagulant heparln
therapy and intravenony histamine. Neuro-
logxal examination was negative. Prothrom-
bm time was 214 sec {control 13.6), blood
cholesterol 268 alkaline phosphatase 6.0
bromsulfthaleln retention 15%  serum bili-
rabin 14 blood glucase 152, cephalin flo.
culation negative after 24 hours, thymo!l
turbidity 10 units, total protelns 76 albumin

A 1 therapy was fnued. His-
tamme therapy was discontinued on ths fifth
day

On the 7th day after the onset of the sud-
den deafness fo the right ear he complained
of severe pain m the kft leg. Exarmunation
thowed absence of arterfal pulsations m that
kg and an mmedte left femoral embolec
tomy and left lumbar sympathectomy were
performed. He responded well for 24 hours
after which his blood pressure showed a pro-
gresatve fall and he died 2 days after sur

-
Acts Orxiaryng 76
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Tig 9 Lar 4 Ce BW  This women sivtaleed &
profound hearing lovs of sudden onset bo the left
car s the age of 52 years. The oppovite car way
similarly favolsed 13 years later (See Iy, 10)

~

253 (9 days after the onset of swdden dJeaf
Aiesy In his right car)
" Autopsy revealed bilateral basilar broncho-
pneumonia and thrombosis of the splenic ar
tery There was no significant cardiac patho-
logy

Histologica! study of the right car shows a
localired area of severe shrinkage of the or
gan of Cortd and stris vasculariy in the 10
to 16 mm reglon of the cochica. The border
between the shrunken arca and normal Mruc
tures i3 abrupt Although the cells of the or
gan of Cortt arc clumped tightly together in
this srea all cytological ¢f including
hair cells, can be identified (Fig 14) In this
area the stria vasculans ks shrunken to about
25% of ts normal thickness. It appears as
2 basophilically stained ribbon within which

Acts Orclerysy 76
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Fig 10 Tar 5 Caxe LW At Lhe syc of 65 yeun s
wooten anskened at 2 a o to dhcoser profownd bert
ing kom I the right ear associated with tmne
‘erthgo aad hemdache She had experienced 2 wdde
bearing tow m (he keft ear 13 yesrs proviownly (e
M)

o cytological structures can be clearly ke
tified (Fig. 15) In the remainder of 1he cock
fen the organ of Cortl and stna vasculam
show moderate swelling artifact charactersi
of post mortem autolysls The spiral Hgament
appears normal for age throughout and s tbe
same as in the opposite ear In the basl 15
mm of the cochlea the tectorial membrest
appears a3 a small homogencous sphere partly
encased m a dark stalning materal and &+
placed onto the lmbus, and In the remaindet
of the cochlen It Is missing entirely There i
e slight loss of cochlear neurons 1n the midde
part of the basal turn which Is the seme o
in the opposlte car The vestibular semse o
gans and nerves appear pormal



The left ear shows severc endolymphatic
tydrops characterbstic of Mensre s doease.

Comment

Ths man with vnknown and untreated dis-
betes mellrtns developed femoral and splentc
artery thromboses keading to his demne, ran-
ing the question of a vascular occlusive mech-
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Jow of cochlear nerons, end & normal strie \escolaris
i the 9 mm replon. The tectorial membrane b nor
mal throoghout.

ankm for the sudden hearing bots occurring
9 days before death. This hypothesis seems
mmprobable however for the following rea
sous: (1) The atrophic change in the organ
of Corti and stria vascularis extends over a
6 mm reglon of the cochlear duct (10 to 16
mm) which according to the studies of Na-
beya (1923) would encompess an area sup-

Acta Otole



Fip 12 Ear 4 Case BW View (hroagh the basal
torn of the kit cochlea show ing the cochlear squeduct
(CA). Both cochlese of this patlent with bilateral

plied by about six external radiating arte
rloles. In man there are no known arteries
“his region of the cochlea which distribute

& group of radiating artenoles but rather

radiating artenioles originate directly from
the mmn cochlear artery (2) The spiral higa
ment which i supplied by the same radiatlag
arterioles as the stria vascularis is normal for
ase 2nd appears histologically similar to the
opposite ear (3) Recent studres (Lawrence
1966) have snggested that the organ of Corti
is supplied by the system of internal mdiating
artenoles which dmtribute through the os-
seous spiral lamina and their terminal capil-
Iaries at the tympenic lip and basilar mem-
brane Thus, it does not appear that occlu-
sion of any smngle artery or group of in-
ternal or external radiating arterioles could
explain the atrophic changes of both organ
of Corti and stria sasculariy, as occurred in
the 10 to 16 mm region of the cochlea of
ths indoidusl The dimmished caloric re
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sequentisl sudden deafness had wide patent cochiesr
aquedocts. The vein at the cochlear aqueduct (-
ferior cochlear vein) B pormal (C1).

sponse in the right ear cannot be cxplamed
on & morphologreal baps. In the fimal amily
ss the findings seem to favor a wiral et
logy for the sudden deafness in the rght eaf
particularly in view of the patlent s statemest
that he felt he had a headcold for 3 day
prior to Its onset.

Ear7 Case PC
At the age of 63 this man experkenced a s
den loss of hearing in his Jeft ear assochated
with severe vertigo nausea and voarnting
There s no history of any associated ness
The vertigo subsided in a few days bat te
severe left-nded deafness persisted. He 1™
cerved an otological cxamination 6 weeks RIS
when 1t was determined that the tympane
membranes were normal, the cold calork &
sponse (5 cc at 80 F) was dimimshed in 1
left ear (45 5ec) and mormal in the nght 0
sec) and that he was profoundly deaf in th¢
left ear There were no responses at any f1e
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cularis with about 0% mising in the basal
4 mm, 50% from 4 10 21 mm asnd 0% from
21 mm to the apex, The tectorial membrane
appears normal throughout and Relsners
membrane ks in the normal position. The ves-
tibular seusc organs and ncrves appear nor
mal. The opposite (right) car exhibits a mild
loss of hair cells In the basal turn of the
cochlea and a notmal stria vascularks.

Both ears show » severe lon of cochlear
neurons, with about 70% missing In the basal
turn and 50% fn the muddle turn. The spiral
1i; are normal for age. Both cars have

quency at maxdmum output of the audio-
meter for boae and alr conduction (Fig. 16)
In the opposite (right) car he exhibited a hear
ing lows for frequencies above 4000 Hz He
was not cxamined agaln and died 4 years later
at the age of 67 of gastrointestinal bleeding,
complicating Lacnnec s cirrhods and cardiac
faflore.

Histological examination of the left ear
shows the organ of Corti to be mmsing or
{lattened to a small cpithelial oumnd tn the
basal 13 mm of the cochlea (Fig. 17) From
the 13 mm area to the apex the supporting
cells are present taat about 50% of the ex
ternal hair oxlbs ace missing (Fig, 18). There
s a diffusc atrophic change in the stria vas-

large patent cochlear aqueducts (Fig. 19).

Comment

The sudden deafness in the left car occurred
when the patient was apparently m good gen-
eral health and without evidence of amo-
cted scute respimtory infection or other dis-
order The atrophic changes m the cochlea
involve principally the orgen of Corti and
st vascolards, and are edequate to explain
the scvere hearing los. No morphological ex
planation can be found for the diminished
caloric response in the left ear The severe
Jos of cochlear meuroms occunng in both
ears it presumed to represent primary neural
degenenation of aging.

Ear 8 Case G.S.

At the uge of 638 this man was hospitalired
for a dhorder which was diagnosed clinxcally
15 “viral pacumonia” During this admismon
be noted a bearing loss in both ears amo-
ciated with intense “buzzdng” The kit bear
ing koss progressed and he developed & con-
stant hesdache, radiatmg from the teraporal
to the panctal and occipital areas, He bad no
vertigo pausea or vomiting The right hear
Ing loss improved but the loss oa the left
persisted and 2 months later he had his first

logicul jon. The pank mem-
branes sppeared normal. Audlometric tests
showed a severe combined condectrve and
tentorineural heardng Joss on the kh (Fig.
20) and high frequency sensorincural heanng

Ack Otolaryns 76
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The
brane b mising The ker view from the 12 mm

loss on the right. No further otologic ex
ammatfons were performed and he died 19
years later at the age of 87 of ancmin, duo-
denal ulcer complications of hemigastrec
tomy and cachexia

Io the basal 13 mm of the left cochlea the
organ of Cord s either misung or consists
of a small mound of cells (Fig- 21) In the
remainder of the cochlea many of the pillar
cells and some of the Deiter s cells are miss-
mg however the hair ccll population ap-
pears to be normal The stra vasculans is

Actes Otoleryng 76

severely atrophied throughout with ealy m
patches of strial tmsue remaining. The €
toral membrane s also atrophied throagheet
In the middic and aprcal tarns it == duplees
into the inner sulcus and encapsulated, E
the basal tarn it ks displaced onto the Hmb=
Remsner s membrane 15 in the normel pos
tion There fs & small area of drsroptoa o
sentory epithclium of the saccular macol
The other vestibular sense organs and the ¥
tibular nerves appear normal.

The oppoute (right) ear shows atrophy of



Fig {3 Ear 6 Caw HH. Views of tho stria =
culre of tho right ear In the 20 mw reghon (right
view) the swollen thane i coostient with post-mortem
autolyss. In the 12 mm reglon (heft view) the wria

the organ of Cocti and Joss of halr cells 1n
the basal turn and partul atrophy of the
stria vascularis at tho basal and apical ends
of the cochlea anly

Both cars show a ks of more than 0%
of the cochlear newrons throughout the coch-
lcac (Fig. 22).

The cochlesr aquedocts of both ears arc
small but patent thronghoat.

Commens

This history of onset of sudden deafness n
the Jeft ear while suffering from “vmal! poen-
monre” apochted with headache s sugges-
tve of m wiral labyrinthits, The atrophic
changes in the organ of Corti, stria vasco-

The pathology of sudden deafness &9
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appeans &3 u deeply basophilically siakning rbbon #ith
no clearly Kennfble cytological Tho 2p-

pearsnco of the spiral lamest in both vicws i jadged
o bo normal for ape.

larfs, and tectonal membrane adequately ex
plain the hearing loss. The severe losy of coch-
kear neuront found fo both ears 5 presumed
to represent primary neural degencration of
aging.

FINDINGS

The bearmg losses were profound in four
ears, scverc in threc ears and moderate n
one year Vertigo as an asociated symptom
was severo in oae case, mild in two cases,
absent in four cases, and the hmtory regard-
ing vertigo was pon-contributory in onc case.
Six mdrridmals noted the omset of tinnitoy m
associatron with the sudden hearing lows and

Acte Oroleryay 76
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10 twd cases the histones regardmg tinnitus
were non-contributory A summery of these
findings is shown 1n Table IL

The most spectacular and consstent patho-
logical changes in these eight ears is atrophy
of the organ of Corti. In four cochleae these

changes are linuted to the bessl fums, wn
two showmg shrinkage of the organ of Cor
without loss of hair cells. The other four cod
leae exhibit severe atrophy of the organ ¢
Corti fn 2ll three turns, with three shown
changes of decreasing severity from banl |
apical end.

The tectoral membrane s atrophi
throughout the cochlear duct jn three esr
In onc it 15 shrunken and in two it & air
phied, doplaced into the Inner sulcus or o
the Imbus, and encapsulated. The stria v
cularrs shows atrophic changes greater th
thase of the opposite ear In five cases, bem
shrunken throughout m one, severely s
phied in three and partially atrophied in ox
The ux ears from individuals with upilaten
sudden deafness show the cochlear neurm
population of the involved ear in each e
to be the same as the opposite ear The nen
ronal deficits, which arc milkd In four e
and scvere in two ears, logically evohe ®
degencrative changes of agmg which sre o
related to the sudden deafnesy A summin
of these tindings Is shown 1n Table ITL

In eIl of the specimens it 1 posmite »
visualize the external and internal radiatey
arterjoles, capillanies of the spiral ligament,
pillanes of the stria vascularis (except In ans
where the latter 1 atrophied) and Hmbo, &
well as the vessels of the tympanlcl#"ﬂ‘
basllay membrane. Among the venoms chir
aels which can be clearly ientified in afl &8
are the collecting venules of the scals 7™
pani, the antertor and posterior spina! vo®
and the vein at the cochlear aquedact.

Tabke 1T
Hearmg
Spectmen fom Vertugo Thmitey Anociated disordery
1 AP ++ - - Headeold, oosclerosts
«~BH - - ~ Acuts pharyogits, cicerative collti
IMT - - ~ atoackerogs
4LBWL v M t:
S B.W-R. - + - endacho
6 H.H. + - - + Hendcold, femoral and sphenic thrombosh
TPC e = b 1
.G S +++ - ~ Poenmonis, headachs

S
i

§
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{

Fg I7 Bar 7 Cose PC This view from the 10 mm
region of the keft ear shows the orgen of Cortl to be
tectorial membrane b normal.

In some of the specimens the arterics and  both cars of two cases (BW and PC.). One
veins contain blood cels and in others they  of these cases (BW) also has large saccules
do pot. In no case is there obliteration or  and reunrtmg duocts In both ears, although
atrophy of vascular channels except for koss  the mre of the cochlear ducts, utricles and

of the caplillary network in fatlon with dcircular canals are normal
atrophy of the stria vascularis, None of the eight ears show fibrous thsue or
Large petent cochlear aqueducts cxist in  bonc within the labyrinth and none show
Table 11
Orgao of cortt
Hale m Tect, Cochlsar
Specanen Calh Men, St oearom Other changes
VAP i R + Atrophy of saccrle,
otosclerony
28H N
IMT .y P Oroscierosls
4 BWL .t + PO + Large cochlear aqueduct,
mccoiar enlargement
SEWR e + Large cochesr aqueduct,
saceular enlurpement
6 HH - P +
TPC P -+ +++ Largs cochiear squedoct
Las - P t Pinins
T s

Acta Otolaryne 76
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r_ 7 of the spiral ligament Relssner s-
of basilar membrane greater than
to be expected for age

PROBABLE ETIOLOGY

Lindsay & Zuidema (1950) studied the clink
cal features of sixtecn cases of sudden deafl
ness and found that four were associated with
systemic disease and twelve were unexplain-
able They concluded that the high incidence of
the disorder in healthy adults under the age
of 30 argues against a vascular etiology
Although it has been established that vas-
cular lestons can produce sudden deafness,
it s our experjence thst these cases occur
in association with known systemic vascular
dnease, For example, massive inner ear hem-
orrthage has been identified as a cause for
sudden deafness In leoukemin (Schukoecht et

Acta Otolaryng 76

Flg 18 Ear 7 CawePC
The upper vhew b from
the 22 mm grea of the

al. 1965). Sudden deafness may alo o&cX
in Buergers disease (thrombo-angiits obF
terans) (Rirfkae et al 1962) macropiobed
nemm (Ruoben et al, 1969) and disorders char
actenzed by hyperviscosity of the blood &
rum (Solomon & Fahey 1963 Wilkimson o
al 1966)

Vascnlar discase was present in oaly o
of the seven patients in this report. This &
dividoal (HH) died of femoral and s
thrombosis 9 days following the sudden de
ness. It should be noted however that ¥
also complained of a headcold at the time o
onset of deafness.

We have reexamined the temporal boss
from scveral animal experiments with
vascular ledons In a search for tmilantis
or differences in the pathological appearsd™
to thowe observed in the cight human €@
with sudden deafness. Following temport?
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S a1

Fg 19 Bar 7 Cuso P C. This photomicrograph showy
tho wide patent cochlear squeduct jo the left exr

obstruction of the labyrinthine artery (Per
man et al 1959) there are severa! pathologi-
cal changes which are dotinctly different
from those of the sudden deafness ears. The
animal cars show (1) a greater loss of coch-
lear neurons, (2) greater atrophy of the spiral
Lgament, (3) variable spacial pattern of hair
cell loss In the organ of Cortl, and (4) Lttke
cflfect on the tectorfal membrane,

Permanent obstruction of the labyrmtinne
arterset of anlnml cans (Kimura & Periman,
1958) produced diffuss degeneratron of the
membranows labyrmth. An orderly sequence
of pathological changes occurred beginning
mn & hour with halr cell changes, followed
m a few hours by degeneration of the sp-
porting structures and fmally in 6 months
by fibrous thove invasion and ossification of
the fnner car spsces None of the human
cases showed fibrous or bony proliferation
m the {nner ear

Obstruction of the vem at the cochlear
aqueduct and 1ts collaterals (himura & Perl-

The same coadition wx3 present fa the oppasiie noc
mal ear

man, 1956) resulted iIn cngorgement of the
vascular system and scattered hemorrhages
followed by progressive loss of outer halr eells,
scverc atrophy of the st vascularh, and
mild atrophy of the spiral ligament, but no
changes In the tectorial membrane. The late
pathological changes following venous ob-
struction, while bearing some resemblance to
the human ears, differ In that the stria vas-
cularks j comsistently severely atrophied and
the tectorial membrane is consistently spared.
Furthermore, we have found no evidence of
venous pathology in the human ears. The
various vepous tribotaries, as well as the two
principal veins which drain the labyrmth, the
vein at the cochkar aguedoet (also termed
the inferlor cochlear vein) and the veln at
the vestibular aqueduct appear patent and
normal,

Virns infectlon has commonly been impll-
cated as an etiological factor for sudden deaf
ness. The labyninth may become involved in
the course of speafic viral infections such

Acts Cclaryng T6
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while hospitalized for “vimal preumonm”™

/ measles, mumps and infections mononu-

cleons (Gregg & Shaeffer 1964). It is also

probable that sudden deafpess may be cansed
by viral infection without clmcal evidence
of systemic involvement, for example, sudden
deafness occurring in apparently healthy chil-
dren or adults may be due to a subchnleal
mumps infection. Dunng a mumps cpldemic
a constderable number of healthy contact 1n
dividuals will show positive scrologieal tests

(Wolff 1953) Van Dishock & Blerman (1957)
performed serolomeal tests and viral cultures

of the blood and stools on sixty-six patients

with sudden severc unilateral hearing Jots and
found that four had mumps and two others
probably had mumps. None of their paticnts
had parotitis and each clearly recalled a pre
vious childhood mumps infection.

Acta Otolaryng 76

% Ear 8 Cuc GS. Aodiogram and cochlear
chart of the left car of a man who at the age of 63
years experienced a severe tow of hearing In his keft

A large number of viruses of several mo
phologically different groups are known &
cause illnesses of the upper respiratory trc
(Mufson et al. 1966) Although most of thes
viruses arc associated with benign discex
they are capable of extremely virulent attadl
upon the central nervous system.

Lindsay (1959) found unilateral suddy
deafness, tinnftus and vertigo in four petent
who had ascute upper respiratory infectior
with all experiencing partial recovery of best
wng dunng the subsequent few months Hel
& Lindenberg (1955) reported five cases o'
Licberman (1957) four patients who cxpem
enced sudden deafness with upper resporia)
infections.

Some support for a viral etiology for o
cascs of sudden deafness s found in the gk
fncidence of acute respmatory discase in thex
clinical histories. At the time of onset of
sudden deafness two reported having beat
colds, one had acute pharyngitls, and two bad
poeumonta. Furthermore two of the patiess
complained of headache suggestive of an &
sociated viral encephalitis,

The similarity of the pathological chaays
in the cght ears of individuals with sudda
deafness to those occurnng in ears with knovt
virl labyrinthits provides farther soppat
for & viral etiology Lindsy ct al (1960) 1=
ported the pathological findings n the af
of a 6yearold child who suffered bitaterd
profound deafness from mumps at the age o
28 monthe They found atrophy of the os?
of Corti stria vasculans and tectorial me>
brane. In the basal tarns, the organ of Cot
was missing whercas 1 the apical regoe
supporting clements as well as hair cells ¥
present. The tectorial membrane was sveref
atrophred in boths cars, appearmg el
shrusken or transformed lnto a sphere
encapsulated by 2 single layer of flar e
There was a slight loss of cochlear neaross B
the basal turns. The vestibular scnse oF*
appearcd normal.

Lindsay & Hemenway (1984) described
Inner ear pathology in an fnfant who
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the bmer sukus, and has uodergone spherical dhtor
ton snd perthel cellular eocapalation. Abost 60%

of the stria yascularis s degenernted.

Ear § Cuse OS. Mid-modiolar section of  nemrom in all thres trme The boss of cochlesr nen-
cochiea of (he left car showmg severe strophy  roms was of cqual seserlty m the opposite car
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oped measlet at the age of 3 months and died
of complications of the disease 4 months later
Both ears showed atrophy of the organs of
Cortl which was most severe In the basl
turns. The tectorfal membranes were degen
erated and partially cncapsulated. The stria
vascularis was atrophied in both eamm with
the most severe changes occurring in the basal
turne There was a partial less of cochlear
neurons in the basal turn. There was atrophy
of the maculac of the utricle and saccule
of one car
Pathological studles of the fnner ears of
infants suffering from maternal rubella have
ly d rated cochl lar de
generation (Nager 1952 Lindsay et al 1953
Hemenway ct al. 1969). The changes in ma
ternal rubella were found to be similar to
those described for meades and mumps, in
cluding atrophy of the organ of Corti, stria
vasculars and tectortal membrane. Typically
the saccular wall was collapsed onto a pertly
degenerated otolithic membrane and sensory
epithelium The utricles and cristae were nor
mal in these cases.
Beal et al. (1967) reported the pathological
findings i the temporal bone of a patient
ho experienced sudden profound unilateral
aring loss while suffering from & “head-
,,'d They found severe distortion and de
generation of the organ of Corti and stra
vascularls with atrophy and encapsulation of
the tectorial membrane. In our clinkal ex
perience we have occastonally observed a loss
of vestibular functfon in association wath
measles labyrinthitls but not with mumps or
rubella, This tendency to involve predomi
nantly the cochlea Is slso exhibited in the
cars of the Individuals with sudden deafness.
The large patent cochlear aqueducts found
in the cars of two of the scven cases may
be of no etlologic significance however one
might speculate that a large cochlear aque-
duct establishes an intimacy between cercbro-
spinal fluld (CSF) and the perilymphatc space
which predisposes the inner car to attack by
CSF-laden vimal particlex. Several common

Acta Otolaryng 76

virus Infections of the upper respratory tng
(adenowirus, Coxsackie) are commonly cog
plicated by cncephalitis, characterized symp
tomatically by headache, photophobla, som
nolence and nuchal nigldity The possible itk
tionship of the large cochlear aqueduct to sad
den deafpess remains purcly speculathe o
this time.

Regarding the otosclerotic leslons found i
the ears of two of the seven indivdmls, |
seems to us that the occurrence is probabh
coincidental, because, in neither case &d th
bony change involve the endostcum of th
cochleae. Basing our fudgement on both the
clinical and histological features of thex
cases, It scems to us that viral labyrinthit
Is the most probable etiology for the sadda
deafness in these cases.

ZUSAMMENFASSUNG

Pathologichs Untersuchungen wurden b acht
senbelnen durchgefUhrt sechs von Patienten o de

Ohren, hochgradig tn drel Ohren und mificigrady i
elnem Obr Zum Zeftpankt der pldtrfichen Toobhed
Hiten 7wel Paticnten an Lungenentriodung ood md
klagten Ober Kopfschmerzen. Schwinde aby rwli
Iikbo Eracheinang war schwer i ciocm Fal md o
tn rn el welteren Fillen. Die wichtigsten
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N [HL ORIGIN OI THE AUDITORY AVERAGED EVOKED
R1 “\PONSCS RECORDED FROM THE SCALP IN THE
ANESTHETIZED CAT

Z, Sh. hevanushvilland O A. hajaia

I3 mrhimoleryneclogical Clnic of the State Inst.iute for Mobcst Fosprotvar
Treining Thlid UXSR

(Recehed November 23 1572)

aped evohed Tesponses derhed
ketured cats are regarded as
nditied evoked potentiab
1ot awliton pathway”
segment of the cochlear

ex On the grounds of

¢ some problems con-
seneratxa of vertex po-

I LN

honsm of the auditory

ol J 0 ypnse (AER) in man
still Swute there s 2 perceptible gap in
wiorma wn oncerming he tole of the pre
man e wing atuay of the cortex and of

the subiortieal sructurss n the gencration
of these vponwes. As opposed ta the com-
mon iewpomt (Davis, 1969) an atsumption
hat teen recenth put forward relating the
ongin of these responces 1n the suditon re-
cenang areas of the cortex rather than in the
Iwovtatine areas (Vanghan & Ruter 19701
It & an wd2a of long<tanding (Roth ef al.,
19%6) that the eletraal deflections recorded
from the salp in rapone 1o sound sumuh
(the soalied hecomplen) might express the
asthinn of subvorial structures, and 3t was
sugeeaad (Khevhinamdll et al. 1972) thay
during whhar acdoman the AER of sub-
ortical f ratront o uld ako be recandad,
Amimal evpenments will coniribmte preath
1 the ralaton of probleme consermg the
machankm of generatn of th bhuman qude

2y e ™

tory AER. For ths purpos, sinfis
carried out on both extrs- and jmnca
demed auditory AER fn usaoesthend
sulnea pigs and monkeys (Pockad o &
1965 hern et al 19694 b Han G
luccr, 1970), records and edloatn v é
tained for the thresholds of AER“T‘::
the dural projections of the ¥t
arcas (Hattory et al, 19713 compuoen ¥t
made of the AER of suditory “d-”
tory cortical areas bn anesthetized &8
sia, 19681

The object of oar uwf‘m“‘““:;i
the auditory AER dermed (rom ¢
anesthetized cats. The harhm'mm
used in our studies mdﬂ“m&-d
of the AER comwm““mdwa o
contractions and by the & € Ty
cative system. The I
responses enables a beter %n
the components dependas &
the specific audutery SructTet

\ETHOD
PE 1

Expeniments were Qﬂ'k;:; P
thetwred  cats (AP mnﬂh‘mﬁy
Nembanl, <0 mg bt T PEE
¢ a sand aod paced ¥¥ N p
chamber with electmal "“MM o e
were dermed from VT
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ilp (from the vertex in most cases) by means
silver disk clectrodes of 5 mm diamecter
ated with electrode paste. Stmul ly

The ER were averaged by two computers—
Dnrdac-4000 (Come! Intertechnique) and
Anops-1 (Pohtechnical Institute of Warsaw).

- AER were recorded from different levels
the specific auditory pathway the cochles,
' == cochlear nuclel the mferior collicul and
- auditory cortex. The derrvation technique
1 the cvoked responses (ER) of the cochlea
d of the subcortical muclel has been re
rted clsewhere (Kevanhhvili & Gvacharia,
- 72) The AER of the auditory cortex were
rived from the pml surface with the help
ball-tip silver electrodes of 2 mm diameter
1e AER from the scalp and from the cochlea
=re derived monopolarly and bipolarty from
¢ subcortical muclel and the auditory cortex.
unng monopolar recordings the referemce
"~ cctrode wus inserted into the neck muscles
" stumless steel needle) or In the mouth (x
2 ipy 1n some experiments the reference elec
ode was grounded.
The AER of the peripheral and central
arts of the anditory system were recorded
1 response to clicks and tone bursty, Clxcks
cre generated by means of 005 msec square
¢ ulses from an ESU-1 or MSE-40 (Nibon
1 ohden) stimulator applicd to a telephone for
r earing alds or to a TD-6 dymamx telephone.
one bursts of 300 mmee duration with a
~radual risc and fall (8 msec cach) were gener
ted by a G3-18 oscillator contaning in fts
arcult an electronfc switch. In most cases
aonaura) sonnd stimulabon was realized by
. acans of clastic ear ilets.
The mtensdty of tone bursts was measured
o dB (re 2x10°*N/m%) by meam of the
Jruel & kjaer acoustic measuring Instru-
Y nents. The intenslty of clek stimuli wes
7 nemsured m dB peak equivalent of the SPL
¢ 1y way of comparson (on the screen of an
nclloscope) of therr main peak ampltude
¢ vith the amplitude of calibrated tona! stimull
For the study of yormato-sensory scalp-re
“-orded AER the sian of the paw was stimo-
7 ated by 05 msec singleshock square palses,
' be pulses were derfved from the stimulator s
» adwfrequency output

|4

The AVH-2 preamplificrs of the VC 7 oscillo-
scopc (Nihon Kobden) and amplifiers of the
MB-5302 clectromyograph (Medicor) were
used to amplify the derrved cvoked activity
and to observe it on the oscllloscope s screen.
The upper Imift of the recording systems
band-pass could be sct in the range of 0 05—
15 kHz, the lower umt being 0.5 or 2 Hz
The AER were requstered from the oscillo-
scope s screen of the computers with the help
of pb hic camera attach

RESULT

The AER derrred from the scalp m response
1o clicks gencrally contain 58 negative fast,
and 2 slow deflections—a positive and a nega-
tive one (Fig. 1 Al) The two inithl fast de
flections (FD1 and FD2) precede the first
slow deflection (SD1), while the remaining
(FD3-8) arc scen on 13 descending knee. In
response to tone bursts only the SD are re
corded (Fig. 1 A2). The latter as well as
other features, such as polarity and duration
fudicates the axon orgpn of the FD In re
sponse to high-intensity sound stimuoli in most
cases an additional negative hump or plateau
occurs before the SDI (Fig. 1 A3). The latent
period (LP) of the FDI1 arismg in respomse
to clicks applied by insert tckepbones b cqual
to 0.8-1 0 msec, whereas that of the SDI is
2-3 msec. The LP values of the SD peaks
depend on the intenuty and frequency of
sound stimuli (Fig. 2A) For tone bursts of
threshold intensities the LP of the SD1 peak
reaches 40-50 msec. As the sound intenmity
increases, the LP b regularly redeced rarely
exceeding 25-30 muec for tone bursts of 90—
100 dB. This dependence is less pronounced
in respect to the SD2 because of the latter s
instability especially in respomse to tonme
bursts. With tone barsts of varlous fre
quenaes, the smallest peak LP Is found with
the AER occurring In response to tone bursts

Acr [l.'r.-'JR
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of 1 and 2 kHz. For higher frequencies (4 and
kHz) the LP are gencrally 510 msec longer
he shortest peak LP are observed with clicks.
In addition as the click intensity changes
the LP cbange, but much less than the LP
of the corresponding deflections recorded for
tone bursts (Fig. 2 A).

The duration of the mitial FD generally
does not exceed 0810 msec, while that of
the later FD is greater The total duration of
AER varies in a wide range. Of 300 responses
picked out at random among the records of
15 experiments the duration of 255 responses
(85%) did not exceed 130 msec. In the most
of cases it was in the range of 80-120 msec
with deviation from 50 to 200 msec.

The amplitude of the AER from the SD1
peak to the SD2 peak with threshold inten-
sties 13 1-5 pV The amplitude grows with
the shmulus intensity reaching generally 20—
30 wV for mtensities of 90-100 dB (Fig 2B)

Acta Otolaryng 16

Mg 1 Auditory (A) and somato-seaen
(B) AER rrcorded from the sab &
the anesthetized cat. A, AER recorkd
In respoass to clicks (1 J) and 2 ki
tone burst (2) sound Intensity 113 (A
55(2)and 130 (HdB B AER recond
n respores 1o skin clectrogshock stime-
hation (6 V 05 maec) Frequaxy of
sthnutation  1/sec averaging number,
#~100 (A) and 64 (B) bendpew, IS
(A) and 5 (B) kHz. The records oo b
bere and in followlog flgures are simies
to those on & wih great cxpamam o

The FD are several times lower than the SD
As & rule the highest amplitude is typial
for the FD4 and FD3 while the lowest o
for the later deflections (FD5-8) the latters
are not always pronounced (Fig 1A3 6Al
The amplitude of the SD recorded bn 1™
sponse to monaural stimulaton are practxtly
the same when belng recorded from the veri<t
and from the contra- and ipsitateral arcas of
the scalp This can be sald also about i
FD3 and FD4 and the later spikes. Howert?
the ipsilateral FDI and FD2 arc sometioe
slightly greater than the contralateral oot
The thresholds of the AER recorded In 7
sponsc to tone bursts are within the ranf®
of 33-54 dB (Fig 3 J) For the frequendd
of I and 2 kHz the thresholds are Jower (2
for higher (4 and 6 kHz) and lower 025 2%
05 kHz) oges. The highest threshod i &
served for clicks. In & mven animal the
old varies within the range of +5-10 &8 (F¢
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LR ) 2 a

£

3 2 5 With varons effeets on the sound-

d and sonnd- tuch
as sound truma (Fig. 3 4-7) antibiotic in-
sults and vanous surgical interventions on
the middle and Imner ear the thresholds in-
crease in correspondence to the degree of
the dsturbance. In the coane of Ume the
thresholds undergo corresponding shifts,

Similarty 10 other AP of fibre tracts the
FD are chamacterired by a short recovery
cycle The obvious decrease of thelr amplitude
13 observed only with stimalation rates exceed-
g 20 sec, while the SD can follow without
decrement only to low rhythme The reduc
uon of the Iatters starts at stimulation rates
exceeding 2;sec, though they never disappear
completely especially the SD1 even at con-

d higher i fr As
opposed to rhythmic stimulation with paired

Iy 2

S R

Fig 2 Dependence of the peak LP (A)

»nd of the amplitode (B) of the amdrory

AER an the intemhy and framency of
stimmll,

Hil

clicks the SD amplitudes arising on test stom-
ull gtart to redece with the conditionlag in-
tervals of 120-90 msec,

The AER recorded from the vertex 1 re
sponse 1o the skin electrshock stimulabon
(Fig. 1B) dilfer from the auditory AER by
a ugmficantly grester LP and by the absence
of FD Beudey, in the somatosensory AER
additional SD ace observed.

The comparison of the AER derived from
the scalp and that derived from the anditory
cortex (Fig. 4 A) reveals sigruficant differ
cncet, eg., the LP of the cortical AER b
scveral times greafer than that of the SDI
There are some other differcnces as well, such
1 the absence of the FD in the agditory cor
tex records and different waveform and dora
ton of the SD On the other hand, the AER
dertved from the scalp change definftely af

_ MDLIECE. Acte Ovoteryng 7
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Fig 3 Average (n=17) and sundard deviation thresh-
ok valres of the suditory AER (/)
threshold variability of the AER (2 3) threshold
changes of the AER after high-intensity purc-tone

ter bilateral removal (Fig. 5B) or freezng
of the cortical auditory areas This indscates
a poniible particpation of the auditory cortex
n the formation of the AER denved from
scalp. Bendes that a recovery cycle simi-
h 1 to that of the gemculo-cortical gystem is
typical for the SD denved from the scalp.

After the removal of the auditory cortex
additional sections of the cerebral white mat
ter under the electrode location do not affect
the AER denved from the scalp, while the
braun-stem section above the wnferdor colliculi
causes & certain reduction of thest responses
(Fig. 5B)

Isolation of the scalp recording area by a
circular section of the soft tissues and by
scparation of the bone causes a certain redac
tion of the amplitude both of the FD and
SD (Fig. 5 A)

The auditory AER derived from the scalp
differ from the AER of the mfenor collicull
in regards of the LP (the LP of the inferior

Acta Oroleyng 76

5.5

(4 5) and white-nolse (§ 7) exporures, Abacrx (1
quency of sound sttmofl in kHz ordfmeke  Ihresholds
of the AER In dB re 2x10~N/m' (F) sad ¥
thresholds befare the sound tramms (7).

collicul’s AER s longer) and the duration
both of the imdividual components and of
the total response A difference also costs i
the recovery cycle the inferfor colliculls
AER fo tested sumult start to reduce for e
conditiorung Intervals of 40 msec (Fig. 4 B)

The LP of the start of the SDI derrved froe
the scalp and of the AER of the cochks
nuclei coincide. The LP the duration sd
the waveform of some FD are alio abte
However in general, there are some remak
able differences between them, sach s,
difference 1 the shape and duratioa of
SD They strongly differ from one anothet bf
the recovery cycle it 15 much kess for %
AER of the cochlear nuclel (Fig 4C).

After a brain-stem section on the evel &
below the inferfor collicul the AER demed
from the scalp change strongly but (Y
never disappear (Fig. 5 C). The SD
after such section can follow to high RIS
of stmulation. This features as well as B



Origin of auditory responxs recorded from the scalp 103

scalp (C4 21 Repetron freqoency 1 sec. On 2 aad 3

total doraton and shape makes the remained
deflechom  resemble the auditory AER of
the rbombencephalke level

In many charactenstics (LP occurrence in
response to short stimull, equal polarity dura
ton and recovery cyck) the FDI and FD2
of the walp-recorded AER are simflar to the
cochlcar N and N potentals, respectively
(Fig 6 A) However together with the other
FD and SD tbe FDI and FD2 dhappear after
wectioning of the 8th nerve or after applica-

also in amplitude ratlo: the FDI is equal to
or Is lexs than the FD2, while the N, potential
#52-3 times higher than the Ny potentfal (Fig.
6A)

The polarity the LP and the duration of
the SDI are similar to those of the cochlear
SD (Fig 6B) recently fnvestigated In detail

Acta Oiolaryng 76
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(2), after section of the white matter under tho deriva-

or gumea-pigs (Kupperman, 1971) Regardiess

of thesc simflarities the SD! can not be con-
ndered a3 a volume conducted SD of tha
cochlea. First of all, they differ in recovery
cycles which are much shorter for the coch-
Iear SD Second, a section of the 8th nerve
docs not affect the cochlear potentials,
whereas the records from tho scalp show a
disappearance of AER.

DISCUSSION

The described data indicate that the andi-
tory AER denived from the scalp in anes-
thetized cats do not cxprest an cvoked ec
tvity of a certain level of the auditory path-
way Considering all the mimilarittes and dif

Acte Otolaryny 76

intensity 115 dB; w=64 bandpes
2 the FD waveform is not compice
due to the lerge bt width 0.4 msec).

ferences with tho AER of indivdual kv
of the auditory system one can come to 1
conclusion that they are of & complex origh
formed out as a result of the algebrak so@
matton of ER spreading out by the way o
volume conductron from various levels of ¢
system  Principel sources of these AER &7
the auditory fibres and nuclel of the bl
pontal and mesencephallc levels. This I 1
tified, first of all, by the prescrvation of 1%
FD and SD after trapssections of the brilt
siem above the Inferdor colficati and by &
short LP of the mitia] FD and SDI

Yet before averaging computers came Lt
application many investigutors had su
in recording ER at gnificant dsstances 702
the dtes of ther orlgin (Chang & Kt
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1950 Rosenblith & Rosenrwtig, 1951 Grin-
nell, 1963 Meshchenkd, 1966). The com
puters ruade this task much esster Thus, In

gulnea-pigs (Ketn et al, 1969b) and
(Lelesla, 1968) scalp resp were

cats

Intenmty 105 (A) end 115 (B) dB n=64 (A, oa 2,
Nl e and 32 I rareficat

phaws)
20d 31 (BY, band-pew, 5 (A) and 0.05 (B) kHz On B
the FD are sbeent dow 30 the losfrequency band-
P,

Lan (1967) on volume conducton of the ER
of the cochlear nuclel

As to the gemeral shape, the frequency
threshold curve of the studied AER 18 in

to clicky, which on the basis of the LP values
were comidered to be the ER of the cochlear
nuclel and of the inferfor collicoll (hern et
al, 1969 ) and of the medial geniculate body
(Celesta, 1968) It war preqnmed (Chang &
Kaada, 1950) that volume conduction occurs
in the brain along the nervom fibres, through
the surrountding lignor Retafning of the AER
fn the records from the scalp after brain-
sem sections proves the volume conduction
of the ER along ithe mervous fibres as well
& throngh other conducting media. Condoe
bon of the ER might be realized 1o some ex
tent even through the scalp bonex. The latter
agrees with the experimental date of Mikae

close rek to the auditory threshold curve
obtained in behawoural stedies (see Hayden,
1965). The frequency selectivity Is reflected
also in the relative valuet of the peak LP-
they are lower with the applcation of tone
bartts of 1 and 2 kHz, arc sightly greater
at 05 kHz apd arc dgnificantly greater at
4 and 6 kHz These differences might be doe
to different condrtions for spatial summation
depending on the activation of receptor cells
in different spaces of the basilar membrane
(scc Dawis & Silverman 1960). The compars-
tively short LP of the SD arhing in retponse
to clcks as well as high click thresholds and
kow genntlvity of the LP to the stimulus in-
tensity changes thould be cxplsined by the

Acts Droieryny 75
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Fig 7 Effect of mectlon of the 8th nerve (A, 1) and
application of Novokaln to !ts Intracranfal segment
(C) oa the scalpderhed AER (B It seeep on A and
©) and on the cochlear potentials (2nd smeep). A B,

AER and befors (/) and after the
scction of the §th nerve (2), with stimulation of the

rort doration of the click s main peak which
/‘ the efficrency of the temporal sum-
mation (Gershnm et al 1964 Rapin 1965)

The P end other features of the FDI are
sdmilar to the cochlear N, potential There
fore the FD1 xmilarly to the N; may be
considered as a compound AP of the 8th
nerve. The difference between them seems to
le only In the site of origin. The nervous
potentials recorded from the round window
or from the cochlea are known to express
the excitation of intracochlear fibres, while
the FD1 seems to be of retrocochlear origin.
This fx d by the dmsappearance of
FD1 as well s of all other deflections after
the intracranial section of the 8th nerve or
after applecation of Novokain. Asyuming the
FDI as the N; to be the AP of the 8th nerve,
we could consider the mechanbsm of genera

Acwa Otolayng 76

[
1

Intact ear (bottorn records on B) ordiary AER &
rocorded G, the AER and the cochloar powsds
beforo (/) immeduately (D) and after 2 (Dl »
plication of 0.5% Nenokaln on the Sth pene. Fre
quency of stimulation 1/sce click intemity 105 &8,
n=128 bandpas, 5 kHz.

tlon of the FD2 similarly to the Ny potential
But this is denied out by the amplitude cof
relation between the FDI and FD2, wheh
13 different from the correlation between te
N, and N (sec Salomon & Elberimg, 1971
In addition the threshold of the N, potentil
is higher than the one of the Ny (Kuppersi®
1971) while the thresholds of the FDI 14
FD2 are equal. Proceeding from the st
one could presume that the FD2 expresss
the cxcitation of the central rather than of
the peripheral acoustic fibre bundles.

Hence It can be ruggested that the shoct
latency FD of cqual amplitudes recorded ¥
some distances from the cochlea in
(Rosenblith & Rosenzweig, 1951 Grimeh
1963) and in man (Sohmer & Feinmes™
1967 heidel & Spreng. 1970) do not exP™
the excitation of the intracochiear fibret b
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first AP should capress the excitaton of th=
retrocochkear 8th nerve fibres while the sec
ond one—the exatation of & bundle of intra
cercbrally Iocated acoustic fibren In the 1at
ter case one should imply also a possible role
of the §th perve s “slow” retrocochiear ffores.

The presented data conform and, possibly
supplement the recently publsbed mmaterial
(Jewett, 1970 Lov & Sohmer 1972) on simb
far FD led of! from varous cxtracochlear
sites (n. eaudatus, pinna etc). Consistent with
this materml the later FD can be regarded
s the AP af followmyg order auditory flbres,
Considering the whole complenity of afferents
of e speaific suditory nucla there is cvery
reason to accept 1he viewpomt (Jewett, 1970)
11 indinidual FD must be related 1o vanom
auditory noclel mther than to a sngle one,
though the relation with one of them may be
dominent.

It wis supgested (Khechinashvili et al,
1972) that the FD with great LP recorded
durmg cochleography in man cxpress the
evoked activity of the central, but not of
peripheral formatioms of the auditery tract.
The data preseated now on the possibility
of recording from differcnt scafp areas not
onty of the AP of the 8th werve but also of
the bulbar pontal xnd mesencephalic scoustic
fibres supporty this suggestion. As 5 shown
by our expenimenty, the polanty and the dura-
tion of the AP of the central acoustic Tiores
fecorded from dffcrent scalp sreas do not
@ffer from that of the 8th merve, while the
amplitude of the formers are very often
higher and dre better observed at threshold
intensities of sound aimull. Thercfore, these
potentials might bo essily coafesed If the LP
values are not taken into wecount,

Ap assumption was made (Davis ct al
1966 Heath & Galbraith, 1966 Kbechlnash-
Vet al 1972) on the complex mature of
the anditory AER derived In man from the
veriex. It was mdicated (Khechinashvill et al,
1972) that these AER might reveal the phe

of clrculation (reverberation) of ex
chation in many complex cireutts, such m,
[R5, *13

between the cortex and sbcortieal structures,
the wssoclative and the primary cortical
areas, cic. Our results on the complex origin
of the AER tecorded [n ancsthetized cats un-
der simflar recording conditfony support this
view Proceeding {rom these results and keep-
fog In mind the known conditfons (e g the
Jocalzation of electrodes) opumal for the
dertvation of relatively high-amplitude human
AER (Rapin, 1965 Celesia ct al. 1968) one
could suggest that a certain role m the gencra-
tion of these responses i played by the mid-
1ine cerehral strocturet, namely the clngular
gyrus and other suprs- and infracallonal for
mations. Following theye awumptions the
known difftrences between the AER devived
{rom tbe human scalp and from the cercbral
cortex (Heath & Galbraith, 1966 Celesa et
s, 1968) could be relnted to the subcortical
volume duocted d
with the cortical ER.

Ard, finally ft should be mentioned that
the study of the auditory AER derived from
the scalp in anesthenzed cats seems to be im
portant from the methodological powmt of
view they might prowide a tool for suffi
chently dk 1 investigation 1n
wnimaly
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which together make up the pcture of Wer
nickes aphans (Wohlfart ¢t abl  1952).
Oohashi (1967) classified auditory agnosia 1n
prychic deafness, sensory amusha and pure
word-deafness.

We bave had the opportunity of observing
2 patient in whom there was auditory agnosla
(verbal and muoscal) but no word blindnesy,

hasa or his. His inoer language
was mtact. It s the parpose of this paper
to report the chnical observations in this case
and to discuss these in rchation to the cen-
tral nuditory function.

CASE REPORT

FPatiens 13-year-old boy (1972).
History In August 1971 there was a grad-
wual onsct of a tremor 1n the right hand, fol-

lowed by difficulty in writing. Two months
later he felt & nembness and weakness in
the nght arm and leg. He was admitted to
the hospltal for a check-up in November 1971
¥iis physveal condation was within normal lum-
fts. An otological cxamination reveakd no
sbnormality An electroencephalography was
almost normsl. The pmealoma was suspected
at neurological cxamination and Xray m
cluding angrography and pmeomo-ncephalo-
graphy Asx treatment, radkation therapy with
Co™ (3000 R) was performed for 20 days
and the tumor was then removed surgieally
1n February 1972

At the cranial operation, the splenfum cor
poms callosi was fucised about 2 cm in sagittal
axss to attack the tumor Other parts of the
brain were not involved at all. Withm & few
days of the operation, his complamts, includ-
ing tremor and ataxa, were healed. How
cver the day after the operation the patient
noted an inability to understand spoken
words, although he heard sounds His con-
schowsness was clear and hss inner language
seemed to be unimpaired.

Examinatk The i was donc
three times, 7 days, 30 days, and 60 days af
ter the cpdsode of audrtory agnosta, The neu-
rological exammation except for an auditory
agnosia was within pormal Limits. The 1Q
measured by the nomverbal subtest of the
Wechsler Intelligence Scale for Children,

was 90. His intelligence was considered as of
2 normal range,

Acsa Otoler
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Fig. 1 Pure tone sudicgram. Alr conduction was

(A) Hearing tests

(1) Standard pure tone audiomeiry As shown
in Fig. 1 the audiogram showed a slightly
diminished hearing in the lower frequency
range.

(2) Speech audiometry Within a week of
the operation, the speech audiogram (Flg. 2)
reveaked that the petient had difffculty in
the dmocnimination of monosyllabic words,
espechally in the left ear However the dis-
criminating ability improved remarkably in
~ month, as shown in Fig. 3

) Examination of the ophasia and agnosa
1he patient was nght-handed and had no dis-
turbance in the inner langusge and articula
tion.

(1) ¥ dluntary speech. The voluntary speech
was practically unimpeired. He had neither
paraphasia nor egramatism His speech was
correctly formed writh a normal rhythm and
his bulary was not d There wat
no tendency to word perscveration.

(2) Auditory comprehension The rosult of
the test in 7 days after the e¢pisode was as
follows; He could not understand the spoken
words, but was able to hp-read sometimes.
He could not recognize his own name when
spoken. Spoken words and other sounds were
indistinguishable. But he could discnminate
occanonally between certain everyday sounds,

Acta Otolaryng 76

mchulhnnoh:mndebyudoormtdq:hm
bell Within a month he was able to under
stand some spoken words. Moreover In :
months he had almost no dificulty asy
conversation,

(3) Melody recognition The patient w
asked to identify melodies delivered to each
ear scparately The test materials were fami
1t to him, The result is shown i Fig. 4
The score for the left ear was withm the nor
mal mnge However the score for the right
ear was poor on the 7th day after the ep-
sode It was found that with the right ear b
suffered from defective interpretation o
musical sounds and defective muscal mem-
ory However his faculty of melody re
cognitton in the right ear improved remark
ably to normal limits within 2 moatis.

4) Reeding He could read sflently e
alood without difficulty There was no i+
turbance of intonation and pemse. He w
able to comprehend correctly the content of
what he read.

(5) Writing He was able to write, and copy
typewritten texts. He made no mistakes it
his writing and speling.

After the episode of auditory agnosh, coc-
tact with patient was achieved by writing.
usually But he was sble to hear certain dmpk
words when his attenton was focused fof
hp-reading. So it was arranged for him
take lip-reading and auditory tralning lessacs
in his family every day The auditory agocst

0 10 20 30 40 50 60 70 80 S0OTRE0H
Sneech mtssty
Fiy 2 wmmw‘naﬂ:
mlbemdlylﬂﬂlhcpwdc.:v—ﬁ.rﬁu

x~~- khteur
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improved gradually and in a month he was
able to understand nmple words when spoken
cleardy and slowly In 2 months his progress
was 30 pronounced that he could under
stand other people in ordmary conversation
without difficulty In 2 months after the eph-
sod¢ the examination showed pormal lLimits
s regards speech audiogram sad a melody
test. He recoversd almost completely from
auditory agnosta in 3 months.

DISCUSSION

The case presented bere had an auditory
agnosh including verbal agnosis and sensory
amusia, Simflar cases have been reported
cather as “pure word deafnen” So-called
pure word deafness i extremely mare Pure
word deafpess jt classified as a speech dis
order in whach the ability to understand
spoken language, repeat words and write from
dictation is lost, while the ability to speak,
wrie and read spoatancomsly fs preserved
(Jones & Dimolt, 1952). Our patient was able
to bear but conld not onderstend what was
heard, after the splenium corporh callos] wat
inchsed rurpically He had u verbal and musd-
cal agnom withoat word blindness and parn
phastia. Hr inner fanguage was intact. Tanaks
et al (1964) reported pure suditory agnotia
amociated with alteration of volce and per
sonal character Wohlfart et al (1952) re

Speach mechogram

00 o
s f 0
0 20
10 / mg
o 10
80 , 5
40 GD{
30 10
20 Ni
o »
o

How
W0 10 30 40 50 60 70 80 50 00 0 20
Sprech rtenimty a8

Speech andiograr, This text Was done oo the
?MIHG&‘MH righe enr
L est
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{Daya after the ephode)

Fiy 4 The mclody-recogniring test wa curried ont
on right end left car mparatety

mortem Investigation revealed the coexistent
changes of both temporal lobes. On the other
hand, cases with a single subcortical lesdon
in the keft temporal Jobe have been described
(Schuster & Taterka, 1926) Nielsen (1962)
stated that “thers are two levels of Integra-
tlon pnmary perception and cugnosia, De
struction of the first results fn deafness, of
the second fn agnosia—acoustic or auditory
agnosta if compitte, scousire verbal agnoma
if recognition of words only Is Jost™ He was
of the opinlon that Wemnicke s region Is con-
sidered with the entre function of anditory
recognitron. That iy, the lesion causing pure
verbal agnosia must Interrupt fibers from both
primary auditory arcas to Wernkke s center
on the major side. Morel (1935 considered
that psychic deafness always accompanies
ather semsory amosia or word deafness, or
both.

Each ear has connections with the auditory
recelving area in cach hemnpbere, but the
pathways cofinecting the ears to thewr oppo-
sitc hemfipbtres are spperently more effec
the than the rpsilateral pathways (Rosen-

Acta Otwheryny 76
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Fig ! Pure tone Alr conductlon was
tested on the 7th day after the episode. oo right ear
=== left car

(A) Hearing tests

(1) Standard pure tone audiometry As shown
in Fig. 1 the andiogram showed a slightly
diminished hearing 1n the Jower frequency
range.

(2) Speech audlometry: Within a week of
the operztion the speech audiogram (Fig 2)
revealed that the patient had difficulty in
tho discrimination o! monosyllable words,
especially in the left car However the dis
criminating ability improved remarkably in

month as shown in Fig. 3

,) Exemination of the aphmia and agnosia
1ne patient was right handed and had no dis-
turbance in the inper language and articuls-
tion.

(1) Voluntary speech The voluntary speech
was practically untmpeired. He had nerther
paraphasia nor sgramatism His speech was
correctly formed with a normal rhythm and
his lary was not diminished. There was
ne tendency to word perseverstion.

(2) Auditory comprehension. The result of
the test in 7 day» after the episodo was as
follows He could not understand the spoken
words, but was able to lipread sometimes.
He could not recognize hus own pame when
spoken. Spoken words and other sounds were
indutinguishable, But he could discrimuate
oceaionally between certamn everyday sounds,
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bell. Within & month he was able to under
stand rome spoken words. Moreover i 7
months he had almost no difficulty fn ey
conversation.

() Melody recognition ‘The patient wis
asked to identify melodics delrvered to eay
car scperately Tho test materials were famd
far to him. The result is shown im Fip. 4
The score for the left car was withia the por
mel range However the score for the ngit
car was poor on the 7th day after the e
sode. It was found that with the right ewr ke
suffered from defective interpretatien o
riuncal sounds and defective musical men-
ory However lus faculty of melody r
cognition in the nght ear improved remark
ably to normal Hmits within 2 months.

(4) Reoding He could read silently aod
aloud without difffculty There was oo dv
turbance of intonation and pemse He v
able to comprehend correctly the content of
what he read.

(5) Writing He was able to wnte, and copy
typewnitten texts. He made no mutakem %
his writing and spelling.

After the cpisode of auditory agnosh, cov
tact with patient was achleved by writhg
asually But he was able to hear certafn supk
words when his attention was focused o
lip-reading. So It was arranged for him #
take Iipreading and auditory trainmg koot
in his family cvery day The auditory agnost
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DIRECTIONAL AUDIOMETRY
VII The Influence of Hearing Ald on the Localization of White Noise

F M. Tonning

From the State Hearing Center Aarkus Demmark and the Department of Otolarraypology
University of Beryen Berpem Norway

(Received Febrmary 1973)

rmal hearing with pure tons audiometry

, % not necessarily mean that directional
earing 15 normal just as impaired heanng is
not always sccompanied by poor drrectional
heanng. Even monaural deafness does not
prevent the perception of direction (c.g. Fisher
& Frecdman, 1968) The lack of correlation
between the pure tone audiogram and direc
tlonal hearing is flustrated by the fact that
patients with otescleroms were found to have
poort directional hearmg whether they had been
operated (fenestration) or not (Jongkees &
van der Veer 1957 van der Veer 1957).

The evaluation of dmrectional hearmg 1n a
patfent oung a heanng aid is complicated A
hearing aid usually prevents the auricles from
fugctioning. Several researchers consider that
the auricles are of significance for directional
hearing (Batteau, 1967 Fisher & Freedman,

Acta Qolaryng 16

1968) The work reported here was undertaken
with the object of investigating directional
heardng for white noise 1n the horlzontal plape
in patients with different types of impafred
hearing

APPARATUS

The apperatus used to measure the dmrec
tional heaning ability for the twelve positions
of a white nolse source in the horizontal plme
was the tame as described in e previous peb-
Lcation (Tonning 1970) The stimulus osed
was white nolse of 65 dB re. 0.0002 dyne per
square centimetre measured 0.9 metre from the
signal loudspeaker without any person in the
sound field. This point corresponded to the
centre of the head of the person examined

METHOD AND MATERIAL

The ability to localze white norse In the borr
zontal plane without and with hesrmg v
was cxamined fn B0 patients with differest
types of hearlng lost. The metbod used fof
this exammation has been described earbs
(Tonning 1970) The hearing loss is given 3
PTA ve. Pure Tone Average the mesn of
the hearing levels at the frequencres 500, 1 000,
and 2000 Hz. The audrometer was calibrated
sccording to Brtish Standard 2497 1954 T
relationship between Britsh Standard 1954
end 1SO Standard 1964 for these frequencis
is shown m Table I (see also Whittle & Delany
1966)



Tabe 1 The relasionship betiween British Stand-
ord 1954 ond ISO Standard 1964 for our equip-
ment (earphome THD 39/MX4IAR, 94 coupler)

“The table tnciicates the member of dB that st be added
to the threthold of bearing recorded In Britich Standard
when transterring to ISO Standard

Frequency Hz 0 1000 2000
dB sdded to hearing lom in
Brhish Standard when trams-
farmiog 10 150 Standerd +20 ~+29% -02

Investigations were made without and with
bearing alde The 80 patients examned were
divided mto 4 grovps

Group A. 20 patients with monaural heating
kst varying from a PTA of 30 dB hearing
kvel to reddoal hearing (residual hearing:
bearing mensurable at only some of the fre
quencies tested). These 20 patients and the
bearing aids used on the bad ear are described
by Tooning (1972 a).

Group B 20 patients with monaural residual

or po mensurable hearmg at all in
one ear The patients and hearing alds used
are deseribed by Touning (1972 b). The micro-
phone of the hearing aid was placed near the
meatus acusticos externns of the bad ear and
the recetver delivered the signal to the good
ear by means of a polyethykene tube that dud
not occlude the car canal In the li
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loss. The PTA was between 28 and 45 dB
hearing level. The greatest differcnee between
the PTA of the two ears in any one patient
was 7 dB These patients and the hearing afds
used are described by Tonnmg (1973) The
patients were examined without heanng ald,
with monaural and with binaural awds,

Bauer et al. (1966) found that “reorienta-
tion In azimuth localization with earplugs in
serted required threc days or more unlem
accelerated by tpecific trainlng™ For this
reason the patients were fint examined with-
out hearmg alds. Alds had been used for at
least two months before the tests with hearing
alds were made The patients in Group D were
eramined with monaural and binsural aids
in two seances after an adaption interval of
at least one week,

The patients were not told if thelr statements
were correct. Perrott & Elfner (1968) and
Elfner ct al (1970) have shown that informa
tion of this kind improved the reports. Angell
& Fite (1901) recorded that much repetition
of the measurcments improved the reporis
somewhat even when the subjects were not
told If their statements were correct. Only 12
localizations were mede by our patients at
each session. Ono person with normal hearing
and three with fmpeired hearing each made 24

ths form of heanngaki-treatment s often
designated “Contralateral Routing of Signals”
CROS.

Group C. 20 patienis with no demonstrable
Eearing in one ear and a PTA between 23 and
35 dB beanng level 1n the other ear These
Fatients and the hearing glamses used are de
wribed by Tonning (1972¢) There was a

icrophy m each templepl These two
microphones  had  different {requency re-
$pomes, The from both

Wero transmitted to an amplfier in the temple-
Piece at the best ear From a telephone in the
fame templeplece the sound was trammitted
via a tube 1o the best ear Five patients did
DOt uee car-moukds.

Group D- 20 patwents with bmaural hearing

No sigruficant differ
ence was found in the tendency of localization
between the first 12 determinations of direc
tron and the last 12 (Wilcoxon [wo Sample
Test, level of significance 0 G5).

Thus we decrded to marme that the inves-
tgation itself did not affect the patients ability
to localize the nome source.

RESULT

(a) The directional hearing ability of the
patients with and without hearing alds as
compared with 30 normally-hearing persons
An investigation was made of the degree to
which onr patkents both with wnd without
huﬂnglﬁ:locuuztdthcloudspamucmn
pared with 30 normally hearing standard sub-
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DIRECTIONAL AUDIOMETRY
VIIL The Influence of Hearing Ald on the Locallzation of White Noise

F M. Tonning

From the State Hewring Center Aerkuy Denmark and the Department of Otolery agology
Unlversity of Bergen Bergen Norway

(Recetred Februsry 1973)

Abstrect The ability to localize white pooe In the

paticnt’s directional hearing, which piost be evaluated
individually

ormal hearing with pore tone andiometry
,p& not necessarily mean that directional

heanng 1 normal, just as impaired hearing 1s
not always accompanied by poor directronal
hearing. Even monaural deafricss does pot
prevent the perception of direction (e.g. Fisber
& Freedman, 1968) The lack of corrclation
between the pure tone audrogram and direc
tianal hearing 15 illustrated by the fact that
petients with otoscleroms were found to have
poor directional hearing whether they had been
operated (fcnestration) or not (Jongkees &
van der Veer 1957 van der Veer 1957)

The evaluation of directional hearmg in &
patent unng a heanng aid is complicated. A
hearing aid usually prevents the auricles from
fonctioning. Several researchers connder that
the auricles are of ngnificance for directional
hearing (Battean, 1967 Fisher & Freedman,
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1968) The work reported here was undertaken
with the object of investigating directiosal
hearing for white noise 1n the horlzontal plane
1n petients with different types of impaired
hearing.

APPARATUS

The apparatus wsed to measure the dues
tional hearing ability for the twetve positions
of & white noise source in the horizoatal plast
was the sams as described 1n a previoas pab-
Iicatfon (Tonning, 1970) The stimulas used
was white notse of 65 dB re. 0.0002 dype pet
square centimetre measured 0.9 metre from tht
signel loudspeaker without any person In thé
sound field. Ths polnt corresponded to
centre of the head of the person examined.

METHOD AND MATERIAL

The ability to localize white noise in the bod-
zontal plane without and with hearlog Ak
was examined n 80 patients with differst
types of hearlng loss. The method used fo
this cxamination has been described cardet
(Tonning, 1970) The hearing loss is pven &
PTA, Le. Pure Tonc Average the meat
the hearing levels at the frequencres 500, 1 oo,
and 2000 Hz. The sudiometer was
according to British Standard 2497 1954 The
relationship between British Standard 195
and ISO Standard 1964 for these fi

is shown in Table I (sce also Whittle & Delsa?
1966).



Group C. Five patients localized the sonrce
of norse towards the side of the best ear For
an additional patient this was more pronounced
with a hearing ald with binaural microphones.
Without » hearing aid another patient localized
chaotically whilst wath & hearing s he stated
conmstently that the sound was opposite the
best ear  Yet another patient showed the in-
verted tendemcy without a hearng wd th-
soarce of nowe was locallzed opposite the best
ar whilst trentment with a heaning akd resulted
in apparently random reports. The material did
oot allow any close examimation of the in-
fluence of earplugs on the deter jon of
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(1960) had the impression that patients with
condoctive hearing loss localized best and
those with sensorineural hearmg loss worst,
bat this could not be texted statistically The
suthors did not find connection between the
duration af the loss of hearing and the durec
tional heanng.

{b) The effect of hearing aid on the
directional hearing ability

It n evident from Fig. 2 that, m our cxpen-
mental conditrons, treatment by means of hear
ing axd canrot be cxpected to lead to sgnifi-

dection.

Group D In three patients with monaural
bearing ald the source of nowse was localred
10 the nde wearmg the apparatus, as described
by Halbrock et al (1959) This localization
%25 not, however expechlly prononnced in
oor paticnts and no systematic Lateralsation
could be detected either without or with two
bearing alds,

Driuon of the patients into groups, as mn
Fig. 1 showed that asymmetnical Joss of hear
ing seems to bave a marked cffect on direc
mmlhnrlngrmrd]mofwhe!lrflhco(htr
ear has impaired heanng or not this applics
Mwuhund'hhoutbaﬂ.ngnﬂ-

The relation between the degree of one-sided
Inpaired hearmg and the sbllty to localize
the soarce of noise without a bearing aid bas
b"“h\’tﬂl&mcdfwmup:,\nndll The
Spearmmn Rank Correlation Coeffickent was
found to be ugnificantly greater than 0
(C~0687). A connection between the degree
of oot-uded hearing loss and the abiliy to
Wocalize the source of nobse 1 therefore ay-
fomed. the poorer the PTA the poorer the
Aty 1o localize. Viebweg & Campbell (1960)
hﬂuxlnmccqxﬂm

Our materfal does not permit an evahotion
of the directional heanng of the mdrvidual
Patient on the basks of the type, degree and
daration of the hearing loss. Van der Veer
(|957)uuduumc:pund1ngn-porturcprd:
the type of bearing lots. Viehweg & Campbell

cant mpr of directional hearing (Wil-
coxon-Test for Paired Comparsons, level of
significance 0 05).

Group A. With hearing ard, directsonal hear
g was better for two petients and worse for
mo matlents Harford & Muosket (1964)
ported that some of therr patients in the same
category as Group A themselves had the Im-
pression that they could localize pouse better
with a hearing ard whilst others did not have
the impression. Butkr & Naunton (1967)
etxammed the directional hearing of 9 normally
bearing subjects wearing a muff over onc ear
All the listeners drsplaced the nose towards
the unoccladed ear Further “the apparent
location of sounds ongmating on the sde of
the occluded ear more closely approxxmated
thelr actunl position when the stimalus inten-
nty was mcreased” This was consdered an
expression of the increaung influence of mter
aural ume differences at the higher sensation
levels Seen from tho point of view one woold
cxpect our patient group A to achieve better
directional hearing when momaural bearing =id
was used. However Flg 2 showy no convincing
positive effect of heanng aid on directiomal
hearing.

Group B With the CROS axd only ooe pa-
trent showed tmproved ability to localize whilst
four localized ks w el Harford & Barry (1965)
reported that 11 out of their 20 patients them-
welves considered that therr abifity to localue
was improved with CROS. Rintlemann et ab
(1970) reported two blind patients with uny
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Intern] hearing loss where CROS was thought
to improve directional hearing
Group C Only onc patient bad improved
directional heanng with hearing ald while two
localized less well with hearing ajd.
Group D Treatment by means of monaural
anng ald led to the result that 13 patients
ad poorer directional hearng than without
i apparatus. The use of binaural alds re
duced this total to seven patients. Directional
hearing for five patents was significantly bet
ter with binaural than with monaural appars
tus, Ths agrees well with di Carlo & Brown
(1960) and Halbrock et al. (1959) The latter
found, as we did, that the source of nofse was
often localized towards the side supphed with
the ald and that this poor directional hearing
could be improved with binaural apparatus
Even then the directional heanng was not as
good as it was without a hearing axd Lidén
& Nordlund (1960) reparted that stercophonic
alds gave equally good directional hearing to
that found without hearing aids. Other kinds
of hearing-afd treatment gave less good results.
Bender & Wilg (1960) reccived the impression

Acs Orolarynt 76

3

2 The fofluenco of hewisg-aid
eatment on the directonal beartng
billty

=

that 12 out of the 16 children localzed sound
better with bimaural hearing aid than withoot
Kodman (1961) employed a questionnarre and
found that 20% of those questioned had the
Impression that directional heanng was im-
proved with binsural alds as compared wkh
monaural awds. Kuyper & de Boer (1969) foand
that 42 out of 55 children examined had sigufi-
cantly better results with two aids rather tha
with one It must be added that in the works
quoted there is so much difference In both
the methodology and the methods of evalus-
tion employed that no direct comparisons cat
be made.

(¢} The influence of age on the localizanion
of naise

An investigation was made of the connection
between age and the abllity to localize white
nolse. The Spearman Rank Corrclation Codf-
clent was found to be sgnificantly differeot
from 0 for groups A and B both without snd
with hesring aids. This indicates that for (be%
groups of pauents there & & coanection b
twctnu:emd&cnbﬂxtytoloa]ue!hﬂw‘ﬁ“



of molse one must expect that the higher the
age the poorer the ability to localize, Matzker
& Springbarn (1958) and Vichweg & Camp-
bell (1969) came to corresponding conclusions,
The latter found that directional hearing was
abo poorer m “very young™ patients, the age
of their pabents ranged from 7 to 77 years.
As regards groaps C and D the range 1n age
wes not so great and the reports for C were
noticeably worse than for the other groups
over the whole range, both without and with
hearing alds. Nor was the Spearman Rank
Correlation Coefficient found to differ from 0
for groups C and D

COMMENTS

Ouw test conditions diverge to a substanthal
degree from Fstening conditions m everyday
He in the ordinary way we tarn towards a
source of nome when we are localizing it and
attempt to Jocaleze ft viomlly This glves us
1he opportunity of finding the source of notse
within & narrowed field even if our directional
bearing s not very good. If we assocuste the
wtml noise with a visnally familiar idea we
e get the feclimg that the source of nobse
can easily be localized exmctly even if i isols-
tiom, the directional hearing may be rather
poor This cxplalns the fact that seversl of
the patients who In our test conditions localized
pootly were of the opmon that therr direc
Lonal hearing was good. In order to compars
the revults of our experimental measurcments
with the directional hearing In everyday cond:-
tons we took the patients out into the street
without hearing alds. The observations magle
annot be stated in figures but can briefly be
described ms follown: 11 of the patrents turned
Wchﬂytrytu;my:cvhzmthennm
cme from when miked to localire a speaker
of 2 vehicle the remalnmg 69 glanced in the
tiht direction without any definktely notie
bl bexttation. Al the pathents managed to
achieve visunl contact with the source of noke.
Of the 11 patients who obvlousdy had diffi-
culties in localination only 5 stated that they
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themselves comsidered that locahzation was
pot quite easy Of the 69 showmg o obvious
difficuluies, 12 remarked that jt was not always
casy to decide where the nolse came from The
patients whose directional heanng in experi-
mental condiions tad not differed from the
reports of the 30 pormally-hearing standard
subject had none demonstrable difficulty In
localizing in the strect. Nor did they feel them-
sclres that localization presented sny problem.

CONCLUSION

In the 80 paticnts investiguted we have found.

7 Impamed hearing dots not necessarily
entail poor directional hearfng.

2. Asymmetrical hearmg loss Ieads more
frequently to poor directional hearing than
approximately symmetrical hearing loss.

3 The greater the degree of onc-sided hear
mg loss, the wonie the directional heanng can
be expected to be.

4 The directional hearmg can be expected
to be poorer with fncreasing age.

S The patients own opmions aboat their
directional hearing do not always agree with
our observationt

6 The treatment with hearing aids described
here cammot be expected to improve the direc
tional hearmg.

7 1In cases where the hearing loss s nearly
symmetrical, the directional hearing is less
disturbed by bingural than by mocanral hear
ing ald.

8 The conclutions arrived at above arc
valid generally for the patients as a group,
but cannot be taken =s absolutely valid for
them jndividually- for this purposc they must
be evaluted indrvidually

ZUSAMMENFASSUNG
Man vatersochts bel 30 Patlecten In emem echo-

Horverfust schim e cmgeyprochenere Wirkuag auf
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das Richinngegehe v haben als anolhernd symme
trischer Heverlust, Bel am Hae
Febr.

daes das

dem Alter abodmmt. Der Eindruch, den die Patlenten
webat von fhrem RichtungigehSe hatten, simmte micht
tmmer mh onseren Resultaten @iberein. Die beachrie
benen Verbiliniso peffen nir fr unsere Patienten
sl Gruppe pesehun und gestatten Lelze Schidse tber
das Richtongsgehlr clnes efnzelnen Patientes, welches
individuell beortedlt werden musm
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BIOCHEMICAL STUDIES OF OTOSCLEROSIS

Phosphohydrolase Activity in Stapedial Footplates

C. E. Holdsworth, G L. Endahl, N Soifer L. A. Nagode and
k. E. Richardsan

From the Depariment of Physilogicel Chemisiry the OKlo State Unbi ersity Columbus
OMo USA

(Receh ed Nosember 23 1972)

sclerotic stapedes when compared to controls.
In spite of the magnitude of this increase in
ALP acuvity the increase {s not sofficient
to be reflected in the sera of indindimls with
otosclerosis (Soifer et al 1965). The ALP
activity in bone thsue, however may be =
sensinve 1ndex of focd activity

While the precise roke of ALP in bonc is
not known, several theorres have been for
warded (Soifer et al, 1970). A recent theory
states that ALP is necessary {n vivo for ther
modynamic pull in biosynthetic reactiont
1967). Whatever its role the
increase in ALP activity observed in oto-
sclerotic bone is conslstent with many other
observations in which increased ALP activity
is asociated with the blosynthetic processes

tting in an of bone. There hay

pared to omicles from patients free from oto-
sclerom. The most prominent blochemcal
d-dfﬂ’tncumlwndlnmmcolv.boenzy-
matle activities of the stapedes (Soifer ct al
1970 Holdsworth et al, 1971). The most
sriking of these is an eightfold hcrease in
tlalme phosphatase (ALP) activity m oto-

Wuppocted ta Part by Grant TROI NS 09798-01.CMS,
Mlicmal Tnsitirty of Neurologucal Drsesso and Stroke
medmmc-ummmm

been a general comensus that ALP acty only
on orthophosphate  monoesters.  Recently
however worganic pyrophosphatase acthvity
hxs been identified by several methods as
a property of purified liver bone, and In
testine ALP (Eaton & Moss, 1967 & Moy,
1967) Alkaline phosphatase also catalyzes the
release of morgamc phosphate from organke
pyrophasphates such as sdenorine di- and tri-
phosphates (Eaton & Moss, 1967 5) 1f organic
and inorganic pyrophosphatases are involved
m the increased ALP actrvity slready observed
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in otosclerotic stapedes, the presence of these
sctivities must be demonstrated

To date there has been no evidence to sup-
port the concept that Increased activity of
ALP in otosclerosds is the result of a qualim-
tive change in the catalytic protein. Becausc
such alterations of ALP have been reported
m other systems (Cox et al 1971), this pos-
slbility was considered.

This report presents data confirming the
presence of inorgenic pyrophosphatase (PP
ase) and adenosmne triphosphatase (ATPase)
activities in stapedial footplates. These ac
tivities arc also increased in otoscleross. Evi-
dence Is presented suggesting that the PPase
ATPase  and pera-nitrophenylphosphatase
(PNPPzase) activities are characteristic of a
single catalytic protern. This single catalytic
protein appears io be altered qualitatively as
well as quantitatively in otoscicrosis.

MATERJAL AND METHOD

Stapedes were obtained from patients with
clinically diagnosed otosclerasis, confirmed at
surgery Stapedes removed at autopsy from
non-otosclerotic individuals were used as con
ole Surgical samples were rinsed quickly
» (Ringers lactate solution to remove amy
« ontaminating blood. The specimens were
then blotted well, wrapped in foll, quickfrozen
and stored at —15 C,

The stapedial footplate was fractured free
from the crura with & microknife and quickly
welghed to the nearest 001 mg. Cold Tris-
(hydroxymethylljaminomethane  hydroclonde
(TrsHQY) buffer 01 M pH &5 was used to
bathe the tissue to prevent tissue drying and
loss of enryme actrvitfes. Alkaline phospha-
tase actlyity was previously discovered to be
resistant to extraction from powdered sta-
pedes by buffer solution apparently remain-
g tightly bound to bome although other
cnzymes were readily extracted (Soifer et al
1969)

In ecxperiments without eéxogenous sub-
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strate, we had observed that fnorgank phios-
phate (P) was released into solution. Thi
rate of cndogenous release was determined
follows: prior to mssaying for phosphohydro-
lnse activity the suspension of bone was equ-
librated t0 37 C in Tris-HC buffer the boffer
was replaced with 3 ml of fresh buffer (Tris
HQ buffer 01 M pH 8.5) also equilibrated
to 37 G, and the rate of endogenows P, 1
Iease obtained by removing aliquots of buffer
at 0, 30 and 60 min and determining solubde
inorgamc phosphate

Following this procedure, 3 ml of soluthon

ining 33 mM pyrophosphate (P-P), 10
mM Mg** and 100 mM Tris-HCI, pH 8.5 w»s
added to imitiate the pyrophosphatase resc
tion. Aliquots were removed at varous time
intervals and nssayed for Py relessed At the
termination of the assay the remaining sofu-
tion was removed from the bone chips and
discarded. The bone was washed with new
warm buffer without substrate and after the
bone had been allowed to settle the super
natant fluld was removed and discarded, The
bone chips were then used for the next pro-
cedure employing another substrate.

The determination of ATPase activity ws
made using 2.0 mM Tris-ATP pH 85 200
mM Mg * and 70 mM Trs buffer pH 85
(Nagode, in preparation).

Following the determination of ATPase &
uvity the bone tissue was washed agaim
TrisHCl buffer and tissue agsayed for ALP
activity using 150 mM p-nitrophenyl pbos
phate, 0.5 mM Mz? and 10 M dietbanak
amine-HCl buffer at pH 98 (Hausamen ¢
al 1967). However Instead of determining
the P, released as in the PPase and ATPes®
deterpunatrons, the hydrolysis of PNPP w38
determined colorimetrically at 400 rmapome
ters after removing the yellow solution from
the bone tissue.

All of the above reactions werc carried oat
with continuons vigorous mixing in ruitfbesd
vortex mixers for a period of 1 hour for e
dogenous (no substrate added) phosphate re”
lease and ALP getivity and for & period
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Table L Phavhoh-dmhsr actlvisy®
ATP riphawphy Esc vatue repro-
mmxﬂmumm-wrmnmwmumdsmpmmmm
and proomplnhed with the same, smde footplate
Scbzrase
P-r ATP PNPP
Expertment O Coatrol Ot Cootrol O Contral
1 12 10 - 1 12 3
21 23 3 - 18 — kel
3 135 3 - bl 1% 43
4 14 13 - 25 124 40
5 12 17 b} 3 18 L2
L3 19 13 36 12 10 40
1 1 11 7 13 Ay 4
2 20 7 pal H xn7 4t
9 13 ¥ 3 ’ 1271 kLl
10 —_ 1 - 13 — &
AvenmtSD. 16+44 10338 NS4 18164 195110 S5H1%
Stodent et =34 =45 =368

, Acthrities are expromed
Indicates wmays
Sgrafwcant ut p<

3 houns for inocganic pyrophosphatase and
ATPasc assays. All reactlons were carried ont
ln « tempersture controlled room at 37 C.
Nerther washing nor shaking with buffer or
rubstrate solutions solubilized any of the phos-
phohydrolase activilex. Phospharus rekass
vshhout subsitate and all enzyme activities

n les of sub con-

10~* micromokes of eabetrate comersed per min per rog.
a ghen sobstruse were not performed.

lease withont exogenous substrate may be cn-
zymatic in origin, in which cate the endo-
genous Py release should be considered s part
of the total enzyme actrvity Heating the th-
suc at 100 C for 30 min completely eliminated
phosphohydrolase activity as determined usmg
PNPP as the substrate and decreased the en-

Vtﬂ:dpcrmlnpcrm[m'dghlolbout.
Note that for pyrophosphate 2 males of phos-
phate aro released per mole of pyrophosphate
hydrolyzed.

RESULT

Rdcmof?.inlh:absenceolnngm
substrate was 0.05 (002-0.1) nanomoles per
min per mg tssue for non-otosckerote foot
Pphates and 0.07 (0.02-0.12) nanomoles per min
per mg I otosclerotic footplater. This repre-
seats less than 10% of the PO released with
either pyrophosphate or ATP The PP and

d release of Py by approximately 60%
The remaining 40% may be due to non-en-
zymati hydrolysis and/or relesse of P, How-
ever one can oaly speculate because the heat
Ing itself could be respomsible for the remain-
ing 40% released. In any case, the rate of P,
vebense without exogenous substrate §s 0 numi-
lar in otosclerotic and non-otosclerotlc foot
plates that the lack of a correction for endo-
genous Py release does not alter or invalidate
the ditference in phosphohydrolase nctivity
obserred (Table I) The endogenous releass
of Pi doer pot have to be comsidered when
PNPP 15 ysed as sbstrate becawse the nitro-
phcnolhdctexmlncd instead of P, Lincanty

ATP olase mctivitics pr n
Table 1 have not been corrected for endo-
fenous activity dnce afl or part of the P, re

9 - TIIMS

was obtafmed K with each of the
lhn:cm\nan,PP ATP and PNFP for
at least 3 houry,

Amouﬁ;-qrﬁ
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Table 1L Comparison of two meihods for the
determination of phasphohydrolase actirisy

Acthite are cxpromed % 10~ micromokes of pars-aitro-
phen; anu:vcrwdp:rmlnwmﬂnenah-hy

was first using baffer containing giycine, then
another containing diethanolamine
Phosphohydrolase Activity (PNPF)
Nan-ctosclerothe Otosclerotic
Datthanoi- Diethanol-

Pool* Glycine amine Glycine amine

1 6 38 140 133

2 8 53 90 143

3 7 k. ] 260

4 6 67 54 130

“ The pool represents a minkmum of 10 stapedes.

When bone chups were stored in Tris-HCI
buffer at 4 C the phosphohydrolase activity
towards PP ATP aod PNPP remamed con
stant for 3 days or more. The wdentical sta-
bility of the catalytic actrvity for the three
substrates 13 suggestive of a single enzyme
with broad specificity and reflects the dif
ficulty In solubfliring the enxyme(s) from
footplates. However the mtio of catalytic ac
tivity towards PP ATP and PNPP in con-
trol tissue s 1 2 5 respectively but Is

~2 12 in otosclerotic tissue (Table I). Fur

the increase {n catalytic activity towards
P ATP and PNPP in otoscleratic tusues
over controls is 60% 78% and 255% These
results suggest cither a quantitative change
in two or more scparate enzymes, or a quall
tative change in a single enryme reflecting
& greater change of activity towards PNPP

The magmtude of the differences in ALP
activities between otosclerotic and non-oto-
sclerotic stapedes was measured using two
methods for determimng PNPP  phospho-
fydrolase activity The same tissues were used
in cach assay The results in Table II show
the same large differences In ALP activity
between otosclerotic and control tissues with
PNPP and glyane buffer as previoualy re
ported (Soffer et al 1969 and 1970) Using
the PNPP-dicthapolamine assay (described in
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Method™) the average difference is approx
imately the same between otosclerohe ad
contro] footplates (compare results Table I
and PNPP-dicthanolamine Table IT). Substan-
tially less activity was observed (6~11 fokd
less) in non-otosclerotic stapedes with glyce
buffer than with the diethanolamine buffer
(Table I} The diffcrence between systems
for the otosclerotic stapedes it moch kess re
markable 34 fold less activity was obsened
with glycine buffer The differing effects of
the two buffer systems on phasphohydrobse
activity in the otosclerotic and non-otosclero-
tic tissues may be explaned by the presence
of an altered phosphohydrolase enzyme fn
the otosclerotic tissue.

Phosphohydrolase activities sre  elcvated
in otosclerosds using PP and ATP as sb
strates, but the fncrease was greatest for
PNPP suggesting two or more distmct en-
rymes (Table I). Activity was subsequently
determined with fwo substrates present m the
incubation mixture. The reactions were ar
red out at pH 85 in Trs-HQ buffer This
buffer system was used fo fmure solubility
of tho pyrophosphate substrate which, In the
presence of magnesium  precipitates at highet
pH values. If separate enzymes in bone &
involved in the hydrolysis of these phosphate
esters, additive activities should be obserred.
If only & dngle cnzyme with broad specificaty
is involved the presence of another substrale
would act as a competitive inhibitor of the

Table 11l Effect of two substrares on phosph-
hydrolase acticlty

Actrvities are expremed 10~ delta optcal denalty per
g per resction
Stapedes PNPP  PNPE+P_PPNPPEP-P
Nonrotoxcierotic

Pool 1 10 17 a7

Pool 2 60 36 060
Owoecierotic

Pool 1 460 70 o)

Poal . 10 83 06l




Initial substrate. Results in Tabke TIT show the
effect of pyropbosphate on phosphohydro-
Lase sctlvity towards PNPP Phosphohydrol

actiity on PNPP was decreated by 40% in

the of py b ing 2
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Table V The effect of \{DP onr phosphohrdrolase
actirity after expoxre to glycine

single common enzyme. The per cent decrease
way esyentlally the same for normal and oto-
sclerotic stapedes.

Methylene diphosphonate, the carbon ana-
logue of pyrophosphate, 5 not hydrolyzed by
phospbohiydrolase and ¥ an inhibitor of the
enzyme. Ity effect on the phospholydrolase
activity of otosckrotic and pon-otosclerotic
bont was determuned to see if it might have
a selective elfect on activity Inhibitlon was
obscrved to the same degree in both oto-
wclerotic and non-otoschkrotic stapedes (Ta
ble IV). Methylenc diphosphonate was alwo
used in concentrations simulating P P in order
to determine the effect on the P, release with-
out exogenous substrate The effect was very
similar to the inhibition observed In the pres-
ence of hydrotyzable substrate.

Prior exposure of the bone thme to giycine
tuffer prevented further inhibithon of phos-
phohydrolysis actrvity by MDP with otosclerot
Ic tmssue, but normal Inhibitlon by MDP was
observed with non-otosclerotic thome (Tabls
V) The photphohydrolase activity was deter
mined mitially in the glycine buffer whih
was then removed by thorough washing with
Tris-HQl buffer The wxsay was then repeated
1 the dicthanolamine buffer in the presence
and absence of MDP The activities for the

Table IV The effect of methylene diphosphonate
on phosphokydrolase acticity (PNPP)
Actrvities are expressed 10~ detta optical denshy per

m the presence of Tene diphorphouats P
Noo-otosclerotic Otosclorotic

Pool* Copard  +MDP Control  +MDP

1 3t 18 133 125

2 13 n 14 143

The pool represcnts & miniomom of 10 stapedes. The
W.ﬁmmmﬂm-m
oo er solutson after a previous expoutre of the
bons tiwae to ghycine boffer

controls arc comparable to those observed
in dietbanolamine buffer without pror gly-
cine treatment The only obscrvable differ
ence s the absence of sensitivity of the oto-
scierotic thsue to MDP Inhibitdon. Ghyclae

ib of bone ph h lase has been
described (Bodamsky 1946)

COMMENT

Muoch of the Mg*? ATPasc and all of the
Ca? ATPax and ALP sctivity have been
shown by paralkl inhibition studies to repre-
sent different meayures of the activity of &
single enzyme using purified ALP enzyme
preparations fram chick mtcstine (Haussler et
al, 1970) In ths study isclation of the molec
ular species contaning ALP was not feasible
becanse of the small amount of tmue and
the insolubllity of ALP Reagent mixtures
such as botanolwater Triton X 100 etc.
which have been traditionally used to solubd-
lized or extract ALP from tlssues, including
bonc fail to remove more than onme tenth
of ont per cent of the sctivity from either
powders of ossicles or intact stapednl foot

mm per mg. Cantrol represents sctivity with pars-nhro-
phenyiphosphate  wkhout melkykene  diphosphomase
(MDP
lates ( s
‘Non-ctomderotx: Otoscieroe P P
Pooi*  Cootrol  MDP Ceatrol  MDP
1 n 1 30 106
b % 7 s s

The pool represerity & mdnimom of 10 stapedes,

observations). However
the true cfficiency of solubllization of bone
ALP activity from sources other than os-
sicles has not been reported. Genenally when
extracting an cnzyme for purification there
appears 10 be little effort in efficient isola
tion when large amounts of actlvity are ob-
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tamed, cven though that actrvity may repre
sent only a small fraction of the enzyme as-
sociated with the tisue itself The resmstance
of ALP to extraction may not be unique to
ossicular bone thsue A similar resistance of
extraction ALP was observed with chips of
cortical bone (Solfer ct al. 1969) The con-
tinuous presence of buffer solutions while
readily extracting soluble enzymes, failed to
extract the ALP activity from bonc tissue
either cortical bone or stapedsmal footplates.
With the insolubility stability and level of
ALP activity of the bound enzyme in nund,
the assays were carried out with and without
{nhibitors in buffer solutions contafnmg bone
itsell The use of single footplates for amay
of the tightly bound ALP has the advantage
of conserving tusue, as intact otosclerotic
stapedinl footplates are rarely obtained.

As results show phosphohydrolase activity
was observed with pyrophosphate, sdenosine
triphosphate and para-nitrophenylphosphate
in both otosclerotic and contral stapedial foot
plates. The data obtatned with individual foot
plates are more varfable however than pre-
vious data obtained with powdered pools of
stapedes on PNPP Pooling the tissne obvi-
ously averages out the variations of the in-
N dual footplates. It has been suggested (Sok-

et al  1970) that since there appean to

a lack of complets corrclation between
ALP activity and bone growth as estimated
by the degree of otosclerotic involvement,
the ALP activity varles with the number and
activity of otoscleronic focl at the trme of
sampling. Accordingly en occasional high sl
kaline phosphatase activity observed in 2
“normal tissue may be duc to & number of
very actrve focl with no obvious gross involve
ment, and a low value in an otoscierotic foot
plate may be the result of quiescent foci.

Despite the variations, inorganic PPesc and
ATPasc activiues ere significantly clevated
in ofosclerotic stapedial footplates (Table D.
The ALP ectivity n otesclerotic stapedes is
450% greater than controls, while the cor
responding incrcase in norganic PPase snd
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ATPase activity s considerably lets 60% gnd
78% respectively

All phosphohydrolase activities on PNPP
presented 1 Table 1 are much higher than
those reported previously either on pooled
powders or on fndividual footplates (Soifer
et al. 1969 and 1970) An asssy procedure
with dicthanolamune buffer was used for the
determinations reported here whilt provios
determinations were made in the presence
of giycine buffer It bas been reported that
glycine at low concentrations inhibits boae
; (Bodansky 1946).

There is an indseeation from the data is
Tablc I that glycine may bave less inhibstory
effect on ALP in otoxclerotic stapedes tham
in the ALP from normal stapedes. This woold
suggest that the ALP enzyme fn the oo
sclerotic bone may be aliered In some way
that 1t §3 no longer subject to the same degree
of control by glycine as the ALP enzyme from
normal bane,

Methylene diphosphonate a competitive b+
hibitor of ALP inhibits ALP from pormal
and otosclerotkc bone to the same degree (Ts-
ble TV) However after exposure of the i
suc to glycne, the inhibitory effect of MDP
is po lmmger observed on the ALP i olo-
sclerotic bone. While no mechanbm can b
offered for this effect, it would also smppedt
that the ALP enzyme in the otosclerotic boot
was altered in some way from the normaf
ALP enzyme.

The rmtio of PPasc activity to ALP acthvily
in otosclerotsc bone is about 1 16 wheress
the ratlo 1n normal bone is about 1 5 U
one assames that both activites are contalzed
within a single proteln as suggested abore,
the enzyme must necessarily be altered i
some way to account for the change 1 tht
ratio of thewe two activities.

The phosphohydrolase activities measured
on the three different substrates have certam
properties which would indicate that the three
catalytic sctivities arc characteristic of 00¢
protein Al three are difficult to solubilize,
all are stable to the same degree OVeT & P

1eali heenh




fod of days, and ajl are jncreassd in oto-
sclerotic bone. Further the marked inhibi-
tion of the activity on PNPP when It was
determmed m the presence of inorganic pyro-
phosphate (Table TII) would suggest that the
two substrates were competing for the mme
ste on a single enzyme. Distinct moleculsr
species would show Py rekeased equal to the
sum of that which would be released from
each enzyme akome.

Although {t fs possible that scparute PPasc,
ATPase, and PNPPase enrymes are jnvolved,
the lkellhood of a single speckes with mul-
tiple specificity seems more  reasomable.
Whichever explanation pmm mmxt it is
ckar that the three ph ac
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NEOMYCIN OTOTOXICITY AND THE COCHLEAR EFFERENTS

R. D Brown and E. A. Daigneault!

From the Depertmens of Pharmacology &nd Theropesiics Lowisiono State Unirersity
Medkcal Center School of Medicine Skreveport La, USA

(Recetred October 13 1972)

Absiract The effects of oeormycin on cochlear histo-
Jogy were correlsted with {to effect on contralateral
ol o-cochlear bandle (COCB) stimntation in cats ghen
one subxutancous inpecthon of neamycin per day (100
mg/kg/day) for O (controks), 4 6, 7 10 and 12 deyr

of COCB stimulation effects occuns
fint, the highext Incidence belng foond afier 6 and
7 days of neoemycin trestment. Thh b then followed
by a block of COCB wmimnlaton effects which b

findings mdicate that the ototoxic antibjotxs
can exert a weak agonistic action at the ¢f-
ferent synapse when injected acutely

Brown (1968), using cats, found that acute
witra-acterzal  admimstration of neomyem,
kanamycin, and streptomycm produced no
changes in the N, suppression and microphomic

greatest at 10 and 12 days of el

There i minimal damage to the cochlees of these
anlmsh, jndicating that enhancement and block of
COCB stimulation effects mey be doe to a pharmaco-
logical action on the efferent synapse which occurs
before extenthe olotodaty develops This pharma-
cological symaptic acthity of neomycin could be play-
ing a robs in the genesis of ototodeity

honen (1965) found a correlatron between
\‘Q.’u)dqnc of dennty of efferent mnervation
[ the gulmea pig cochlea and the pattern of
hair cell degeneration produced by ncomyca
and kanamycin. Because of thus finding he
suggested that the ototoxic effect may be due
to interference with efferent function.
Intra-artcrial  intraperitoncal, or 1onto-
phoretic adminstration of neomycin Lama
mycin, streptomycin and dihydrostreptomyein
produces decreases in N, andyor Increases in
microphonres when injected into cats or gui
nea pigs (Blair Simmons et al 1960 Sohmer
& Fenmesser 1965 Brown  1968). These

Therapeutics
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biained by stimulating the
contralateral cochlear efferents hateral
olivocochlear bundle, COCB) However be
(Brown, 1972) did find that chronic adminis
tration of neomycin and kanamycin to caty
for 8 days produced a block in some of the
neomycin animals and an Increased effectiv
ness of COCB sumulation in some of the B0
myanunlmahuwellumthckmm)d-ﬂ
animals. (Histologic studles were mot pef
formed on any of these animals)

The purpose of thrs siudy was (o comelals
the effects of neomycin on cochkear histology
with Its effect on COCB stimulation. Neo-
myein was grven to cats for 4 to 12 dny%
followed by testing the effects of COCB stin
ulation In conjunction, histologic evaluation
of the cochleas was performed.

METHOD

Thirty-two healthy adult cats, 9 males and 23
females, weighing between 18 and 43 ]
were used. The animals were acsthetizd
wath an intraperitoneal Injection of DiakUre
thane (0.65 mi/kg).



\eomycin olotaxciry and the cochlear efferenis

Animaly were prepared for tound window
recording from the left cochlea and stimula
tion of the COCB in a manner similar to
that described by Dalgneanlt & Brown (1969).

N; suppression was med to gaoge the ef
ficacy of COCB stmulation. Ioput—output
functions, as described by Brown (1972) were

btalned and med to Tate data on Ny
suppression in terms of equivalent declbels
attenuation of the sound energy (reference
10V=00dB)

Efficacy of COCB stlmulation was deter
mined by ascertaining the amount of N, sup~
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scusors. These sections were mounted on a
shide in a watersoloble medium (Paragon
Mounting Medium Paragoa C. & C. Co., Inc,,
NY NY) and covered with & cover ship.
Care was taken to be certamn that the tssue
was placed upright for proper visualization
of the halr cells. The cells were then stodied
with the aid of a microscope and Judged
on a four-to-zero scake based wpon the pres-
ence absence, or distorthon of hams, Incldence
of outer hair cell destruction and the condi-
tion of the fnner bair cells,

The remaining portlon of the cochlea (the

pression produced at 400 Hz of s
uiing 8, 15 30 and 45 V of stimulation.

Statnstical analyses were performed using
elther umpaired Student "¢ tests (as de
teribed by Dixon & Massey 1957) or tests of
ngnificance on cnumeration data when cell
frequencies are small (Fishers exact test as
described by Batson, 1956).

At the termination of most experiments,
the round and oval windows of both cochleas
were opened, the cochleas slowly perfused
with 050 cc of a nnc jodlde/otrmum tetrox
ide solution (Engstrdm et al, 1966) and the
cochleas removed and placed 1n & solation of
ninc fodide /osmium tetroxide for 12-18 houns.
The cochleas were then washed gently with
dotilled water and placed in buffered form-
aldehyde until histologie stuches could be per
formed on them.

When histological evaluation of the coch-
leas was to be performed, the petroml bone
‘was {solated then decalcifted with 20% formic
acid. The bone was labeled mn a papet tea bag
and placed In the decalefying solution under
copfant grmng with & magnetke sthrer on-
tl the bone was softened (3 to 6 days). The
decalcified bone was then dissected to pre
pare surface preparations using fine forceps
with the ad of a dissectmg microscope. The
decakeifted bone was caarefolly removed to
expose the membranom cochlea in toto. Then
the tectormm was removed and two repre
sentamve sections of the baml, middle and
apcal turns were removed using irdectomy

lus) was then dehyd n alcohol and
run throngh the Technltroa embedding proce
dure. The paraffin blocks were sermlly sec
toned at 15 pm from the apex to the basal
turn and connterstalned with hematoxyln and
eosin. These shides were studied to Identfy
the condition of the spiml ganglion afferents
and efferents (intrugangliontc spiral bundles) at
the appropriate levels of the turns of the coch-
lea. The neurons were also jodged on w four
to-zeto scale based upon the Incidence of miss-
Ing neurons and the degree of pyknons of the
neuron and its nuclem. An estimate of the
density of the afferent and efferent fibers
coursing from or through the spal ganglia
'wai also noted in each slide studied.

Ouly one person made all the histologscal
obscrvations to reduce the vanation in judg-
ment. The anlmal tisnies were coded so that
the hutolopie evaluation was done wathout
any knowledge as to the history of the speci-
men. (The measurements of physiological and
histological parts of these experiments were
performed in separate laboratories and the
person making the histologleal cvaluations
was kept blind to the type of treatment ren
dered to the animak)

The slides were evaluated uslng the follow
ing scorlng systern. 4 excellent condilen 3
good, 2, falr 1 poor O artifact. The value
for each side was then totaled and the coch-
lea given & grade representng the degree of
intoxication of hair cells and spiral ganglion
cclls, afferent and efferent flbers. When the
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Table 1 Egquiralent decibels attenwation of N, produced by COCB sitnmiation

Menn dB attemsation 1 S.E.M. (no. of animaly)

Days of +
trestment Weakest mA (3V) Weak mA (15V) Stroog mA (30Y) Stroagest mA (45V)
Cantrols 6031243 (6) 1224368 (6) 1814234 (6) 104111460
4 1391593 (%) 14.6:16.67 (3) 024277 Q) 2194140 Q)
6 Enbanced 130+540(2) 1654410 (2 2641075 (2) 251045 (D)
»=005* 220005
6 Not enhanced 6AIXITI(Y) 1534075 (%) 17808703 115106203
7 6.001+560 (D 10.141.50 (2) [IAES R, o)) 200109
EBrewn (1972)
Controls 83+173 () 16340.52° (9) 18.6:41.06 (9) 194160 (9)
3 Blocked 2221090 (6) 5401237 (4) 6301+2.62 (4) T17£176(8)
p<001 <0005 y<0.005* r<o00st
8 No block 1631238 (1) 211118(M W071215M 2141236 (M
<001 2<0.005*
10 Blocked PR X)) 104,00 871401 (3) 1031267
p<0.0.5* r<ool
10 No block PE3+235 (D) 1531190 (0 167£3.50 () 18043950
1. o o o (10
All p valoes by u control dB attenuations with others of the same cobamt.
P valucs equal 1o or bes3 than 0.05 are ikt

Dectmal incorrectly placed in ordginal publication.

entire study was finished, the scores were
placed on a master sheet and the score sheet
deciphered

RESULT

iy five cats recerved one subcutsneous
of neomycin sulfate (Sigma Chemi-
cal Co (pfs) St Lourss, Mo lot mo. 059 B
2130) per day (100 mg/kg/day) for varying
periods of time 4 recelved neomycin for 4
days, 6 for 6 days, 2 for 7 days, 9 for 10 days
and 4 for 12 days. The day after the specified
treatment ended, efficacy of COCB sumula
tron was ascertained. Seven untreated animals
served as controls. The dates of expenments
on the various series of antmals wers inter

spersed over an 8 month period.

A variety of circumstances prevented eval-
uation of COCB stimulation effects on some
of the animals in the study (1) onc of the
controls suffered s basilar skull fracture while
the stereotactic car bary were being placed,
(2) blood pooked sround the stereotactic tlec
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trode placed in one of the 4-day animals,
preventing evaluation of COCB stimulation,
(3) 2 animals died onc of the 10-dsy ats
(secondary to treatment for a tapeworm di
covered after the experiment began) and on¢
of the 12-day cats (onset of gastrocntenths
after ncomycin treatment began), and (4) 6
other neomycin animals had no recontsbe
N, on the day of COCB stimulation. There:
fore cvaluatfon of the efficacy of COCB iz
ulation was carred out on 6 of the contrd
animals, 3 of tho 4-day anlmals, 5 of tb
6-day animals, both the 7-day apmab, § of
the 10-day animals and 1 of the 12-day aok
mals.

The equrvalent decibels attenustion of Ni
obtamed at 400 Hz with the 4 curreots of
stimulation are presented fn Table I The &
rents obtamed at the 4 voltages of stimubr
tion were mot significantly different from
those obtalned in an earlicr senes of
ments (Brown, 1972) and therefore are =t
presented in (abulac form.
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FI( Spiral ganglian of the besal turn from a con-
ol ankmal. ( 335) Noto the demity of the spimal
sangilon coll, afferynts (~) and efferents (4).

stimulation was more cffective than those of
any of the control asimaly (the 6 days, en-
hanced category). These animals were placed
in a separate category becamse use of Fisher s
emct test ylelded & twotafled probebility of
much less than 0.05 (p=~000607) indicating
that the enhapcement seen did not occnr by
chance or result from better placement of
the stercotactic electrode. In 3 of (be record-
able 10-day animaly, the effectiveness of
COCB stimulation was less than in the con
trols (the 10-day blocked category). They
were placed in a sepsrate category because
the two-talled probability was less thap 0.05
(p=001819). The one wable 12-day animal
abso exhibited a complete block of COCB stim-
ulatfon effects.

ive photomicrographs of hair
cel] mdu:: preparations and spiral ganglion
sections of coatrol and ncomycin-treated ani-
mals are presented in Figs. 1-3 The cell dam-
age produced was mast marked in the outer
hair cell The first indication of damage that
was recoguired was the distortion of hairs
on the outer halr cell A greater degree of
intoxication was evidenced by hairs being lost
in the outer hair cell population. The highest
degree of intoxication was indicated by the
tos1 of Increasing amounts of the outer hair
cells. In all specimens which exhibited signs
of intoxrcation, the damage to the outer hair
cells was more severc at the basal torn of
the cochlea, decreasing m severdty upward to
the apex. In the most scverely intoxicated
animals, approximately 20% of the outer hair
cells in the bamal torn were mising. Demage
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to the imner har cell was minimal even 1n
the most scverely intoxicated animals (when
seen, it was evidenced by distortion and Joss
of hairs).

The earliest indication of damage to the
spiral ganglon was the presence of pyknotic
neurons with different staining properties.
As intoxication increased, an increasing loss

peurons occurred with an associated de
- of efferent fiber concentration. The

Iferents (intraganglionic spiral bundles) were
seldom scen to be altered to the extent of
the affcrent fiber changes, There were some
instances of a depressed concentration of ef
ferent fibers but it was not a consistent find
ing cven 1z the severely intoxicated animals,
As with the outer hair cells, the damage to
the ncurons and afferent fibers waz greater
n the basal tumn of the cochlea.

Scores obtalned from logh B
tion of the left cochleas, the dB of the acous-
tic lus used when ing the COCB

and the N, height at ths acoustic stimulus
and at O dB are presented i Table IL These
data indreate that cochlear damage occurs
due to treatment with neomyein,

Acta Otoleryxt 76

Fir 3 Spiral gargiion of the baral twea

Ammals m which cochlear potentials could
not be recorded had generally lower histology
scores than the recordable animals did (tbt
6- and 10-day anjmals) although there were
cxceptions (the 12-day snimals). At first ap-
pearance, 1t would seem that all of the po-
recordable potential animals shoukl have
lower histology scores than the usablke ank
mals. However undetected muddle ear disease
P lerosts, for le) and €x
cesuive attenuation of the acoustlc stimulm
duc to ear bar placement coupled with a ¢t
tatn degree of cochlear damage produced by
neomycin could be respomsible for the nor
mals with the higher hustology scores ot 1t
carding.

Histalogy scores on the hair cells of the
neomyan animals are less than and signd®
cantly different from the controls wath oac
exception those of the 10-day mot-blocked
category (Table II) However the hastology
scores on the ncurons, afferents, and elfer
ents of the neomycin animals arc not -
nificantly different from the conirolt, except
for the 10-day no-recordable potentlal el
egory (Table 111 In addition, there 18 Ro €OB°
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Table 11 Effects of mecmyein treatment on the histology scores of left cochleas, dB of the acoustic
stimulus wsed when stimmidating the COCB N, hefght at this acoustic stimdus and at 0 dB

Hhxtology sores = SEM.

Mean dB (]: Htl;:l‘;h (r:.vll-ldﬁn
Neorons, at ut
Dan of neomyem No. of Hair afferents stiputation odB*
trestment ambrmh ool & dfleents +SEM T SEM. + SEM.
Cootrols 6 495+00 34103 +10:66 323426 mn+ed
4 3 Not dooe  Not done +217447 3463 90431
p<00s® »<003*
Enbanced 2 35100 38103 +40L£100  A3B137 4582153
& p<go0s® p<oos*
6, Not enhanced 3 30403 A0x00 +LTH162 L4435 2784151
p<000s®
1 0 30 —_ — —
6, No recordable poteatial oot .
7 2 33103 35105 +7T0T0 173488 nin
p<o00s* 2<0005" p<o02s*  p<00s®
Broun (1972
Contrott 9 Not dome  Not dooe. HLMALITT IS 14243
1, Mocked 6 Not dons  Not done ~1THTIT 39S 173:%48
8, No block 7 Notdone  Not dooe +129+3131 W5+51 170477
Bocked 1 27409 30:03 +287466 L6 sy
1 FRALT] p<o01® p<oost
10, Not blocked 2 33403 28203 TSRS NIBELM4 1364136
p<001®
10, No recordable potential 3 22404 23103 - — -
pe000s®  p<o0s*
12 1 18 i ~HO 129 0
reooas’ p<00®  peonst  p<oas’
12, No recordable potactal 2 30405 3500 — — -
p<00035
mmﬂmmmmmdmmmnm‘mm-dm trextment.
p vatoes obtained by control valnes with others of the same column. Only p vakocs ks than 0.08

Tm-mmmmmhmmmmmmnmummmmd
comparmon.
sistent decrease m either hair cell or neural
elkement scores as the treatment with neo-
mycin i prolonged. Thus, #t seems that the
neomycin treatment used m these experiments
produces munimatl ototoxicity

Some cochlear phynmologkal parameters of
the recordabic animals were tabalsted in or
der to deterrune if they correlated with tho
histologic damage present (Table T1). There s
a genceral tendency for tho intentity of acous-

neomryem s profonged. In addition, there are
no connstent changes of N, amplitude pro-
dnced by neomyem treatment. Therefore the
phyxiologxcal parameters do correlate grossly
with the hutology scores and indlcate that
minimal damage to the cochlea B8 produced
by neomyein 1 the recordable animals.

DISCUSSION

tic sumult used when stimulating the COCB
to be higher m the neomnycin animals than
that of the controh. However there k& no
progrewstre increase as the trestment with

Chronic treatment with neomyein, st doses
producing definite histotoxicity resulied In
modificatlon of the effects of COCB stmmuls-
tion. When the cochikear hustology and the

Acws Otolaryny 76
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Table 111 Summary of Alstology scores and rest toe COCB i at different interraly of
nreomycin treatment
Histology scores + S.EM. COCB stinwdation effects (% of total)
Dann ot Neurons, Ro
neonmycm No. of Hair afferents Enhance recordable
trestment anfmals eells & cfferents Noerml meot Block potental
[ € 4000 34103 100 ] 0 o
4 3 Not done Not done 10 [} [1] 0
6&7 1] J2to01 37102 8 23 o 7
<0005
[l 20 Not done Not done 30 5 30 3
0&12 n 17103 30102 18 0 36 46
p<0.008*

Deta reproduced, with from Brown (1972 for the porpose of comparkton,
* » values obtained by commparing the control vatoes with others of the mme cotumn,

2 values greater than 0.05 ars not

bited enhancerent
3-day no-bock animals extubited K at the fower corments

responses of npeomycin-ireated animals to
COCB stimulation are summarnzed (Table 111
a definite pattern does emerge. Enhancement
of COCB stimulation effects occurs finst,
reaching & peak at 6 and 7 days of neomycin
treatment. This 13 then followed by a block
of COCB stimulation which 131 greatest at 10
and 12 dayx,

Even though cochlear damage is

4

all cirrents of COCB sihmalation even thoagh o3 of G
of stimahaton when tken s & group

Jogical action of necomycin on the cfferent
synapse which occurs before extensive ofo-
toxicity develops.

The development of enhancement folloned
by a block as exposure fo neomycin con-
tinues could be duc to the drug Interferirg
with releass of the mediator at the presynapix
terminals of the cochlear clierents. Using
this le of a pharmocologic block, the

during neomycm treatment, there does not
=r to be any correlation between the
ount of damage sustmined and the develop-
Tment of enhancement or block of COCB
stimulation effects. Hatr cell damage is formd
jn the 6 & 7 and 10 & 12 day neomycin-
treated animals but there & no sigruficant
difference between them (Table ) The new-
ron afferent and efferent scores after nco-
mycin treatrnent are not significantly ditfer
ent from those of the controls (Table 1D
In fact the overall histology scores of all
the neomyan-treated ammals are rated 2.7
or better 30 being defined as good. In addi-
tlon no signifieant difference is found in tho
histology scores when companing the 6 day
enhanced category to that of the 10 day
blocked category (Table II) This may inds-
cate that enhancement and block of COCB
stimulation effects are due to a pharmeco-
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h of COCB stimulatlon effects
would be due to the block befng strong enough
to prevent mormal rekease of the medistor
thereby caunng a degree of demervatioa by
persensitivity but weak enough to be over
ridden by optimal electrical stimualation of
the efferents, (Denervation hyperscatithey
to acetylcholine a candidate for mediator o
the cochlear efferent terminals, doss develop
when the cochlear efferents are sechooed
Dalgneault & Brown, 1969 Dafguesult &
Blanton, 1971 )

The COCB blocked category would thed
be due to this block becoming stronfer &
cxposure 10 neomycin continues smee the olo-
toxkc Strepromyces antiblotics do sccamulate
in cochlear fluids (Voldrich 1965 WersT &
Lundquist, 1968) Animals at the differest
intervals which respond in a normal” ¥A¥
1o COCB stimulation would be ia 2 sraosh
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tion state between the enhanced and blocked
categorics.

One cannot rule out the possibility that the
well known ection of the Streptamyces antr
otics on protein synthesis s producing the
effects on COCB stimulation., Thus, initlal
imtation followed by destructlon of selected
hair cels and afferentt conld be respomible
for the type of results observed. One has to
ask, then, if the pharmacological action on
the efferent synapse Is responsibtle for the
selective toxlaty or i It s only coincidentally
related. If this pharmacological synaptic ac
tivity of peomyein i3 responsible, block of
cfierent activity wonld be followed by destruc
tlon of the outer hair ceils and then those af
ferents synapsing with them. Kohonen (1965)
has demoustrated that the degree of cfferent
innervation cotrelated with the pancrn of
halr celi d ton produced by
and kanamycln, Lnd.rcalin; that the u:tMty
of these drugs on the cochiear efterents could
be responsible for their ototoxicity
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THE HEALING OF THE EXTERNAL COCHLEAR WALL IN THE
GUINEA PIG AFTER MECHANICAL INJURY

A. Axelsson and O Hal¥n
From the Deportment of Otolaryngologr Unirers.iy of Godhenburg Goteborg Sweden

{(Received Jannary 20, 1973)

Absiroct The bony and vascular repalr procem of
the cochles was stodied after mechanical ledom on

branoos wall way dented it soon szmumed Hs narmal
pouition. In some cases there was labyrintbiths o f-
brosts of the intracochiear siructures. Homerer most

the exfernal wall and an Increming degeneration of
the organ of Cortl with thre lapse postopetathely
The present imestigation reveals & surprising ablity
:hu:mmmmromummh\

echnical, experimental and clinical research

ve during recent decades led to advances

middle ear surgery Besides further de
velopments in this {ield the future of otologic
surgery will include conservative or recon-
structive surgery of the inner ear In con-
nection with the treatrment of MenRres dis-
ease, inner ear surgery is being performed
employing mechanical  ultrasound-  laser
and cryotechmques. However a grear deal
of information regarding inner ear structure
and function & necessary for development
of appropriate clmnical techniques and ther
apy

The clinical entity of heaning impairment
and particularly of sudden deafness h often

Thi Mvestigation was supported by grants from the
Sucdih Medical Research Councl No. B 7> 12X
s
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presumed to be caused by vasculsr acckients
such as hemorrhages, stasls, gpasm, embolns
and thrombus formation. These ctiologial
mechanisms have for obvious reasons rartly
been confirmed by histopathological cxamma-
tions. Instead attempts have been made to
imitate these vascular accidents and the keak
ing course after traumatic Injurfes i an-
mal experiments by mechanical cochiear ke
nons (Lurie, 1942 Borghcun 1957 Krister
ten 1959 Duvall, 1968) by the Influence of
cold (Beck 1959) by mechanical vascular o
cluslons (Periman, 1952, 1966 himurz &
Periman 1956 1958 Perlman & Kimun,
1957 Perlman et al, 1959 Rholde ot al
1959 Gntfith 1961 Lawrence, 1966, Berw-
stein & Silversteln, 1966 Morzono & Johe
stone, 1968), and by embolic vascubar o
clusions (Alford et al, 1965 Sugx e al.
1970)

The results of these experiments have ko
been used in attempts to eluckdate the b
portant question of the oxygen supply lo the
organ of Cortl.

The aim of the present Investigation was 10
study the bony and In particular the va*
cular healing in the gulnea pig cochlea afier
well defined mechanieal injuries.

MATERIAL AND METHOD

Forty-two adult gumea pigs underwent s
gery under general anesthesia, A ventral ap-
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proach to the bulls was employed A hole
was drlled in the bulla, sufficlently large to
permit visualization of the besal cochlear
turn. Halfway between the round window and
the bulla wall, the bony cochlear capsuke In
the baml tum was thmned by drifling (Fig.
1. A soall bole was made through the bone

Table L Imterval berw eem cochlear destruction and
suhsequent examination

Loterval No of

(duys) enemui
10 1
1 7
nw s
31 50 6
3160 4
.
7
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Iog arterioles
} AC= e aquednetos cochlese.

and under high magnification & small lesson
(300-500 pm) was produced In the spimal liga-
ment at the level of the scala medha. Gener
ally the leslon also affected the scala vestibali
and the scala tympani m the basal tarn. The
holes through the cochlea and the bulls were
left open and the skin sntured. The contra-
lateral ear was left intact ms & control At
vanous mtervals between one and 261 days
(Table I) after the operation the ammealks were
sacrificed and injected with a contrast me
dium, Berlin blue, according to a method
described  previounly (Axclsson, 1968, 1971)
The subseqy lon steps d
of fixation, decalaification and studies under
the stercomicroscope. The operated region
and surroanding ereas were first assewsed in
onc plece by a tangential large section be-
fore further dissection (Fig. 2) Photographle
documentation of the findings was achieved
with the aid of the photomicroscope. (Ortho-
plan, Leitz and Tesovar Zeism) Changes in
cellalar morphology were studied with phase
CONLAY MKTOICOPY
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In 9 anmals the injection was Insufficlent
for eshmation of the wascular bealmng. How
ever information was ganed on the bony
healing process, hair cell damage ete.

RESULT
The hole in the bulla

There was a surpringly fast healing of the
operated bole fn the bulla, In those 14 anr-
mals cxamined within 20 days o operanon,
7 boles were still open, 2 partly heated and
5 completely healed. Five of these 14 am-
mals were examined within 3 days after oper
ation all bad open operation-holes. In a group
of animals examined between 15 and 25 days
after operation only onc ocut of 8 anmah
had an open operution hole After 18 days
only 5 cochicas had a partly healed or open
hole, 2 of these sutfered from purulent otiths
medm.

In 11 cochleas the msddle ear contamed
more or less purulent materal In 7 of these
cochleas the niddle ear changes were ac
compenied by labyrinthitic changes of tho
cochlea. In the remalning 4 the labyrinthine
flulds were mactoscopically unaffected.

Persosteum vessels. In welHnjected prepars-
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The kole in the borry cochlear capsida

The bony lesion in the basal tarn first healed
by soft thsue covering the hole and later by
complete bony healing Flbrotic heallny first
sppearcd by the 10th to 15th day and com-
plete bony healing around the 50th day after
operation (Figs. 3-5). In 3 cochleas, 86 140
and 218 days after operation, the operated le-
non had not healed and there was still a hole
through the bony external wall In 2 of these
cochleas clear labyrinthine fluids and a “por
mal” vascular repelr process was found, in
the third there were pronounced fibrotic
changes of the whole cochlea.

The spirad ligament In the operation region

At the operation the spmal ligament was
cither penctrated by the sharp disection in-
strumment or pushed forward into the scala
medl, The most common finding in the post
mortem stndies was a combination of a cen-
tral hole throogh the spural ligament and an
fnwards dislocation of jtt surrounding parts.
Repositioning of the spinl higament was first
observed 15 days after operzbon. Fifty days
after operation almost all cochleas demon-
strated a piral Ugament at the normal posk-
thon on the inside of the cochlear capsula
Apptrtnﬂy and a3 cxpected the moit pro-

tons these vessels were ensily d
In cases with habyrinthitls and fibrosis in the
cochlea the periosteum vessels were remark
ably dense 1n the operated area, nsmlly with
one big vessel penetrmting Into the cochlea
In the early expertments the lesion was pro-
duced close to the bulla wall The revolt was
a panticularfy rich vascolar supply m the re
glon of the infury with fibrotic adhesioms
between the cochlea and the bulla penosteum

and scars occurred be-
tween the pushed-in spiral higament and the
external parts of the badlar membrane ie
n the region of the external spiral sulcus and
the zon2 pectinate. Comsequently there were
shwayy difficulties in dissecting the spiral Jam-
fnn free from the cxternal wall, which f
necessary for the photographic documenta
tion (Fig. 10).

Intralebyrinthine fludds

Fg 3 External cochlesr wall with
Short

1 diately after the mechanical njury
blood can be seem “curling™ into the Intra-
labyrinthine flukds. Surpmsingly bowever
there was very little evidence of hemorrhege
in the cochlear fluids even in aninmls sacri.
ficed within tbe 3 days of surgery Moreover
blood corpuscles were often demonstrated on

Acte »
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Fy 3 Extermal cochhear wall whh
Injection musrral

operated reglon.
Long Aborve: 79 dayr
Bdon 142 days postopstaindy Now the compicts
bony healing and the Temaming gap b the vescular

Fg 4 Euernal cochlear wall sih opsrated
Moderas

£p m the vescular paiern. RAL rediatmg arteriolas

scala fympunl. Arrows lndicate the border of the
region.
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Fig 6 Apicobsxal section of hasal cochlear tum
50 days pottoperatively Fibrosh of all scalss 21 a
result of Libyrinthitls, SAfA  spiral modiolar ertery:
SMY epiral modiolar vele SF scala vestlball ST
scala tympanl LS lamine spiralh,

the inner ear membranes, e.g. the vestibular
membrane and particularly 1n the region of
the external spiral sulcus. In 9 cochleas at dif
ferent times after the operation there was
a discrete precipitate in the intralabyrinthine
flnds of the basal turn as evidence of some
labyrinthitis or remaming blood and cellular
debrs. In 7 cochleas there was more or less
organized fibrotic changes in the basal turn
as cvidence of o more severe labyrinthitis
with secondary changes (Fig. 6). The carliest
of these was demonstrated 22 days after
operation.

Modiolus

In all guinca pigs there was a consistent
change of the radmting arterfoles in the mo-
diolus. In the region of the “glomeruli™ the
radiating arterioles correspending to the de-

Acta Otolervae 76

stroyed area were not filled by contrest, Thy
included a lack of fMlling o the reglon of
corresponding external wall (Figs. 7 aod 81
This gap in the radiating arterioles was onz
of the most regular findings after the me
chanical lesion. It was conustently found only
in that reglon of the cochka associated witk
destruction,

3piral lamina basliar membrane and orgon
of Corti
The only regnlar change in these structures
wes a morc or less pronounced hafr cell d¢-
generation, most promirent In the cuter bas
cells. The degeneralion was always segmet
tally limited to a fafrly small sector opposic
to the site of destruction, The degencratios
appeared to be more pronounced and more
widespread, the longer was the interval from
the operation (Flgs. 9-11). Some degpenerated
materzal (debris, blood corpuscies) was alvap
observed on the basilar membrane, oa (¢
spiral limbus and the vestibular membrane
The vessels of the spiral lamina generaly
appearcd normal. In those cases with second:
ary fibrotic adhexrons between the spiral G-
ment and the basllar membrane short spir!
defects of the vessel of the baslar membrst
could be demonstrated (Fig. 10 below). It #3¢
not possible (o judge whether these defects
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Fg & Radmting artetioles of the scala vestbull fen-
medtately peripberally to the glomerul™ There b &
arterioles

ping.
scals  estibull ronning in & apirel duection centrally

wero the result of scarting or of the difficult
post-mortem preparntion of this regron.

Vascular structures of the externd wall

The normally appeanng and regularly occur
rmg vessels of the external wall are

The vessel of the scala vestibuli

The vessel at the vestibular membrane

A capillary pet above the vestibular mem-
brane

Scada media

Stria vascularls

The venel of the spiral prominence
Arterio-venious anastomosex

Scafa rympani
Collecting venukes
The venules at the basitar membrane.

Since the lesion in general was most prom-
ment in the scals media, these vessch abo
& d the most d changes
in the destroyed regrorn. However the com-
bination of the sbove-described unfilled
duating arterioles, the destroyed ares in the
scala media and the subsequentty unfilled col-
lecting venules of the rcala tympeni resulted
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in the typical finding of a marrow apkco-
basa! gap fn the vascular pattern with the
destroyed area in the centre (Figs. 3-5) This
appearance was consistently observed both i
cochleas with a fresh injury and in animals
with & completely healed hole in the bony
capsule and a restored position of the spiral
liggment. In some cochleas sparse vessels
coukd be seen croming the operated reglon
mainly in an apicobasal direction in this “vas-
cular gap The stna vasculans was never
observed to rosume any vascularbation In
the operated area. In no case within 261 days
after destruction was there any complete vas-
cular repair The vascular pettern m nearby
or more dntant located arcas of the cochlea
was always normmal

DISCUSSION

As evidenced from the present material the
following events appear to occur after me-
chanical [esfons of the external cochlear wall,
First, there must be a comiderable nitial
taemorrhage from the dense vatcular net m
the scalae, particulardy in the sweaba medm,
Apparently ths hacmorrhage b soon con-
trolled by “» reflex” closure of the supplying
radhating arterfoles at the level of the so
cafled “glomerull™ in the modfohus. The blood
and debrs in the intralabyrinthine floids is
genenally absorbed, peobebly in the external
spiral milcus. In some cases the end-result is
a fjbrons &3 a comsequence of & labynnthitis,
or of an organiration of the matcrial in the
intralabyrinthine fluids, This flbrods seems
to be more frequent when the leslon was close
to the bulla wall with resultant periosteal
scarring. The bole on the cochlea 1 early
covered by soft tiue. In most cases the re-
pair is astonshmgly rapid and Is most prom-
iment in the bouy ckments of the bulla
and the cxternal cochlear wall If the spiml
Hgament is pushed Into the endolymph imi-
thally it later resumes its normal pontion.
However the vascular clements of the ex
termal wall do not recover & normal pattern

Acts Otolaryng 76
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Fip 11 Spiml lamina phase contrast, high magnifica-
tion. .61 dayy postoperathely Io spite of very severe

degeneration of the hair cells the vesced of the basilar
membrane (F SAA) and the vesuel of the tympankc
lp () STL) appear normally coatrastdnjected. OHC
outer hair cells, JHC bnner halr cells,

at least not within months after the Injury
Instead there = a narrow avascular segment
orimnating in the “glomeruli” and extending
over the external wall in afl scale, In the
spiral lamina the only regularly remaining in-
jory afflicts the organ of Cortl on a rather
narrow segment, however apparently increas-
mg with the postoperative time These find-
Ings are in agreement with the sparse informa
tion obtained by other authors (hristensen
1959).
From the above findings certain conclu-
slons may be allowed. The small scgmentally
restricted injury of the organ of Cortl ob-
served 1n the basal turn i consistent with so
called radial flow theory of endolymph. The
large jnjury produoced in the present experi-
ments otherwise would have been expected
to cause much more widespread lesion in a
sprral direction. This finding s in agreement
with other previous experimental imvestiga-
tions concerming the same question (Alford
et al., 1965 Dwvall et al, 1969). The scem-
ingly reflex-induced closure of the radiating
arterioles at the kevel of the “glomeruli™ may
Indicate one function of these wnusmal struc
tures. The “vascular spring-coils™ in the mo-
diolus consist of tightly coiled parts of the ra
diating arterioles. They are surrounded by cir
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culate smooth musele cells and a Jongrtudina!
“elastica interna” Internally (Schwalbe 1887
or by sparsc smooth muscle cells (Smhh,
1951) The vessels are surrounded by abun.
dant autonomic nerve fibers (Miscbeck &
Mootz, 1966 Terayama et al  1966). The
curious and specilic arrangement of the “v3s
cular spring-colls™ speaks in favour of 2 par
ticular and specific function (Axelsson, 19681
The existence of smooth muscles might -
dicate a regulating function active or s
stve of events In more periphernl copillary
reglons.

The rch vascular supply to the extermal
wall was always damaged without resuming a
normal vascular pattern. This finding war
rants great caution In drawing conclusiont
from experiments where electrodes and other
measuring devices are introduced fn the cock-
lea of the Ihving gulnea pig On the otber
hand the frequent finding of a steady stale
dunng such expeniments may be explamed
by an arternl obstruction of the “glomer
presumed in the present fnvestigation If the
afflicted vessel gave s to considerabe
hemorchage en equilibrivm state would pro>-
ably not occur

In regards to future attempts of Inner exf
surgery of interest Is the finding that the
injury of the organ of Corti is Immuted to 2
small sector and that surgical attempts ma)
be accomplished wathout the risk of dekter
ous bleeding. Furthermore a result of
present investigation is the findmg that eve2
after pronounced lesions to the cochicar and
paracochlear structures, all may heal exeet
the sensory cells and the vascular structeret
The finding of a limited area of s
in these structures does, however not admi
conclusions on the final function of & mc
chanically damaged hearing organ. Ustd
cells with closely massed microvilll suggestn®
of light ceils and smooth cells with span<
short microvilll suggestive of dark cells, both
of which are all arranged irregulsrly and for®
the socalled rugose structure The catire i
termediate portion iIs concerned with promk



Healing of external cochlear wall after mechanical injury

funcironal measurements have been made
fittle can be sald abont the risk of surpcally
expoung the Inner ear However the fnner
ear function aflter experimental lesions muost
be measured by other devices than intrecoch-
lear electrodes (Suga et al, 1970) which ob-
vicusly may prodoce a considerable trauma to
the cochlea. As an alterpative electrical po-
tentials apparently may be determined by ex
tracochlear devices (Alford et al, 1965) and
pombly by other techniques ¢ g. hearing test
ing after conditioning (Andersson & Weden-
berg, 1965 Andersson et al. 1968 Stebbins,
1972, Moody 1972).

The sparse expeniments with mechanical
tnjurkes to the cochlea seem to have resulted
in & high frequency of intracochlear fibrosis
as an endresult. The present investigation
demonstrated that If a delicate techmgue bs
appled, small lesions 11 & majority of cases
need not be folowed by fibrosiz. 1t 1s also In
teresting that when the expenmental lesions
were followed by muddle ear suppuration this
did not very often cause a labyrinthitls mor
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a clinial pathological condison might be
compensated for by the nch vascular anay-
tomowng possibilities. Contrarlly a large le
uon representing & serfom rhk for decirue
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OBSERVATION OF LUMINAL SURFACE OF THE ENDOLYMPHATIC
SAC IN GUINEA PIG

Y Mitani N Kosaka, S Konkhiand Y Ogura

From the Departmen; of Otoleryngology Okaysme University Medical School Olarems
I pant

(Recrhed November 10, 157D

Abgower By oberniat.on under the
scanning dectron microscope of the hrminal wurfece
structires of ke endalymphatic sac, the fofiowing
resalts were obtamed.

1 Based co mrface endatymphatic

morphology the
n:mybed]wd:dhln}pcrﬁun;d’twmh:-l.b—

n-nheh-uum.dnv.:pmbn-rmrumnvm
the

Lundquist et al. in 1964 first made the elec
tron mucroscopic observation of the endo-
hymphatic duct and sac fu normal guinea
pig. Since then there has appeared one addi-
tional report concerning the uwltrastructare of
the endolymphatic dact and sac (Lupdquist,
1965). The ckestron microscopic stody by
Lundquist in which he employed semal scc
tons of endotymphatic duct and sac is the
most excellent method for the Investigation
of the fine intra and mtercellular {eatures
and the ultrastructure of the subepithelinl

tlssues, but It » not guitc adequate for ob-
talning three-dimensional profiles of these
structures as a whole

With the scanning electron microscope,
however It 8 postible to otserve the surface
structures of whole tissues in three dimen
ooas and thus provide more sultable thre-
dimensional views of the fine morpholopc fea
tures of the endolymphatic duct and sac.

In this report we attempt to present some
findings of the surface structures of the nor
mal endolymphatkc sac in the guinea pig
using the scanning electron mucroscope.

MATERIAL AND METHOD

The anmmals used were young adult guinea
Plgs of both sexex, weighmg 250-350 g with
Sormed Preyer rellex. Aller decapriaiion, the
temporal bone was removed a3 soon as pos-
wble without disturbing the endolymphatic
sac and the sigmoid sinus. The stapes and
the round window membrane were removed
and the dnus wes opened under & surgical
microscope. Next, by flmlung the fixative
(1% osmre acld and 25% glutaraldehyde
buffered with cold phosphate solution, pH
7 4) into the vestibule and the sigmoid sinus
with a fine glass pipette, the entire specimen
was siceped n cold fixatve for 3 hours. After
fixation, the ic sac was dhsected
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with fine forceps and dental burrs submerged
in a buffered solution in order to divide the
sac mto two halves. Then the graded ethanol
dehydration and final dehydration with ho-
amyl acetate were carrled out The specimens
were dned by a vacuum evaporator The
dred specimens were given & double coating
of carbon and gold and these were observed
with scanning electron mucroscope, JSM U 3
(Japan Electron Optics Lab)

Fig 1 Luminal srfsce of the oo
hmphatic tec after divicction of the 1o

canaly, and the endolymphatic dwct sad
mc (3E) which are saina! dark wid
ounic acid, Endolymphatke duct esin
into the vestibule from the povenor
media! dts of common crin (COL Ter+
poral preparntion (kefi).

RESULT

It scems appropriate to dinde the endohym
phatic sac {nto 3 diferent parts, the prot
tmal intermediate and distal portion, 1
Lamndquist described

1 Proximal portion
The proximal portion of the sac m a part
which widens gradually and 11 apprommateh

—~- DI A‘I‘V- e
PR ey SiE‘Fj ,.S,E‘Lk S'ED /
kP 4/ ss
=TT !
v 3. R

Fiy 2 A sightly obhique sagmis! swcton of the
temporal bone. The endobmphatie duct (DE) beging
In the vestibale (5. A portion of the endolyvmphatke
sac ey withia the vestibular aquedoct (A1) and o
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mrumdllucbwlyhcmud-h.hmirm‘
sinus (55). The endoly mphatic s can be dnbicd 2
three portiont: the provimal (SEP), mitermediat 5
and distal (SED}



0.5 mm long In the first part of thus por
tion, ncar the duct, there can be seen epi-
thelml cefls which have & flat and polysonal
wurface and all of which bave a distinct cell
boundary Amoang these duct-type cells, there
can be observed, on occasions, some epthellal
cellt with a different sppesrmnce having nu-
merous, moderately long microvilll, some of
these microvill are flat ipped. The cells of

Luminal surface of endalymphatic sac 151

Fr 3 The major part of the
provioel portion

thrs portson of the sac undergo gradual transi-
ton from the duct-like type to a convex type
as they approach the adjoning Intermediate
portion. The numbers and twe of microvillh
fncrease gradmlly

2. Intermediate portion

The intermediate portion partly extrudes out
of the vestibular squeduct It {5 about 2 mm

Flig 4 A greaser sagnilication of the
duct-type ol 7 600
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in length and 1 mm in width It }s considered
to be the main part of the endolymphatic
mc. At this portion the morphology and size
of the cpithelium vary consderably and the
region Is composed of the eprthelium wath

S, W7
VY 3 .
e Lo
b3 T "y SN
& : '
. LN
i 41@%‘
‘;'5’ -
IEENES
.
- Ry
» Yy
<R

Acta Osclervng 76

Flg 5 Among the doct-type cefly, there
cxn be obsenved on occatlon, some e
tbefial cells of dlfferent features hnirg
many moderately kong micros T, some
haviag flat the, %2850

densely massed long microvilli forming 2
rosette and the smooth epithelium with a fes
short microvilll Epithelial cells In this re
gron are irrcgularly arranged forming paps-
lse and crypts, and present a structure cor

L I
Fig 6 In ibe ntermadlate por
tion there can b seew tro lle
— mltbd‘ulcrﬂ(,ctﬂllu;ﬁ:
. sely mamed Jong micros.
s e, eestive of Tight cofts and smeoth-
24 say  urfaced cells with s, short
f\w rmlcres Bl guggestive of dark e
Rl 3000,



responding to the so-culled rugose portion,
which can readlly be distingnithed from the
proximal portron.

3 Diwmd] portion

Distal portion Is in close contact with the
sigmold sinus. It s about 0.5-1 mm in length,
its Juminal surface {s rather smooth with no
papillac or crypis. The epithelium apparently
hat features similar to those of epthelium
in the Intermediate portton. However the
cels in the dimtal portion, compared with
those In the Intermediate have a rather
wmooth sorface and their microvili are
shorter and fewer In the vicinity of the ex
treme end, the profik of the cells approaches
that of flat cells which are observable in the
proximal portion having a few short micro-
villl, These terminal cells are surrounded by
the connectrre tiue of dura mater and their
number also decreases.

COMMENT
There arc many reports (Guild 1927 Bast &
Anson, (949 Allen, 1964 Enpstrdm & Hjorth,
1950- Lundquust ct al, 1964 Lundqulst, 1965

Luminal surface of endolymphatic ssc 153

Fig. 7 A greater magnification of the eplibelal cefl
with cosely maseed Jong microvilll forming roecites.
Tt wppears to be a Hght cell. x 7450,

and others) concerning the endolymphatic
duct and sac. As far as we know however
there scem to be no published reports dealing
with the surface ultrastructure of the Jumen

Fg 8 A grester pa of the
epitheiial cell mapgesthe of dark cell with
& few short maicrovill. 8000,
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of the endolymphatic sac observed with scan
ning electron mucroscope For this reason we
carried out the scanning electron microscopie
observations of the luminal surface of the en-
dolymphatic sac n guinea pigs.

The proximal portion 1s an extension of
the endolymphane duct to the intermediate

Acsa Otolarynr 76

Fig 9 ln the kntermedizte por-

rugowe portian, which may be
readily drtingoithed from the
proximal portion sen at the keft
of the photograph. 2 $00.

portion where the activity is said to be byt
est in the endolymphatic sac. The surfxe
structures of these smooth-surfaced eplthell
cells with short microvilll suggest a low st
face activity

At the intermediate portion there can b
seen two different kinds of cells; pamedy,




pent surface activity The portion of human
endolympbatic sac which Bast & Anson
(1949), Anson (1969) call the rugose portion
seems to comrespond to the comidnation of
the proxiral portlon and the major part of
intermediate nortfon of the endofymphatsc
suc of guinea ply.

The cells of the distal portion show char
acterstic features smmilar to those of two
Xinds of cells observed in the intermeduate
portlon. However these two kinds of celh
have a mather flat surface and the number
and length of thelr microvilli are less, which
teems to suggest that their surface activity
also must be lesy. They have no evidence of
paplllae At the extreme end of the distal
portion, the cells present a profile similar to
that of duct type cell, and their surfacc as
2 whole appeann wavy undoubtedly becmne
of being In a close contact with flbrils of
the dura mater From these findings It may
be safe to sy that the activity of the en-
dolymphatic sac ix less in the directron of
the terminal end.

To comprchend the organmation of such
mmute sarface structures in three dimensions
would be Important for studies of phynologi-
cal functicat of the endalymphatic me thwues,

ZUSAMMENFASSUNG

Dn der Oberfl
mhmhmmm

dem Rasterehektronenmilroskop bam 1o folgenden

Ergebnisecn

| Der Saccus endotymphaticas wod sefgrond der
sasmeren Form 1o 3 Tele, d b den prodimalen, den
mtermeduren und den dntalen, cingetelit

2 Der provimale Tel bestcht am den flachen

1T

Luminal surface of endolymphatlc sac 155

gatten ond polypoaalean Docts-Typ-Zellen mit urzen
Mikres [,
3 Der intermedire Tedl besteht a1 rwef Arten von

REFERENCES

Alkn G W 196} Endolymphatic s md
squedisct. Arch Otodaryng (Chic.) 79 322

Anson, B J 1969 End.dymphlﬂl:hyd:m,(miaw-
laryng (Chic.) #9

Best, T H.LAm:n.B,J 1949 Thfun;o'dbak
mlﬂwm Charles C. Thomas, Spriergfiid 1

and cochloar

Eat!trém.]-L&M!\,ﬂS0.0nt}:mﬂm
and locuBzstion of fmjected dyes in the labyrinth
;Lhnwhmph,{mamhryn;(smdh).w

14

Gmid S R. 1527 Otwervatlons wpou tbe sirncture
and normel contents of 1he doctm and sacom
gadynphmmhu.e.dn-pl;AM.lAm

L

Londquist, P3 1965, The endolymphatic duct and
wc o the guines pig. Acse Orolarpng (Stockh)
Suppl. 201 T

Londqust, P-G., Kimora, R. 8. & Wersdll, T 1964

Ultrastroctumal

Pg Acte Orolaryng (S\udh) 37 &

Y Airi MD

Dept of Ototarymgoiogy

Olaymma Unsrersty Medrcal School
3-1 Unkatecho 2 chome

OClaywm  City 700

J pan

Acsa Oroleryng 76



15 Y Afitaniet o

Fig 9 In the intermediate par

rugose fon, widch may be
readily distingufced (rom the
provimal portion seen at the Jd
of the photograph. 2800,

of the endolymphatic sac observed with scan  portron where the activity is said to be by
ning clectron microscope. For this reason we  cst in the cadolymphatic sac. The surfa
carried out the scanning clectron microscopic  structures of these smooth-surfaced eprthet
observations of the luminal surface of the en-  cells with short microvill} suggest a low &
dolymphatic sac in guinea pigy, face activity

The proximal portion is an extenston of At the intermediate portion there @a |
the endolymphatic duct to the intermediate scen two different Ainds of cells namel

e 0 1o ihmwm"‘;
thellal celts have profies similir ©
of ceils b the witermediate porie
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microvll are shoeter and hess T
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Drainage of cerebrospinal flufd into Iymphatie system

Table1 Streptomycin concentration (ug/ml) after
tntrathecal injection of 200 mglke S\ nephate

157

hotope. The total activity m the syninge prior
to Injection was meatured by gamma scintil-
laton coumter in defined geometry After the

Time Jopection) o 13

Number of

mimb 1 3 18 135 0 0

Penly: 10000 7000 SO 1000 600 29
h’\:lnﬂv‘l 77 10 oS 32 lg

Lymph nodes 0 30 103

Hart b= 97 16 250 8 11

Lher 0 P} 0 mn 13 o

Mmcle 19 9 s 103 160 20

cal Iymph podes, perilymph from the round

the resuhaal actinity In the synoge
was measured. Activity I the blood snd or
fans was messured mn the borehole of the
santiilation erystal. A conversion factor be
tween the two Instruments and the radicac
tivity decay were taken into account in the
calculation of il resultx Generally three an-
mals were used for cach acthity assy and
Xilled after 10, 25 45 and 60 min. For con-
trol the same radwactive gold ™An, ¢ S0 A)

window membranc and blood. The
lopcal assayy were carried out with serum
and organ bomogenates. The latter were pre
pared with organs removed under sterile con-
ditlons from the killed test animals at given
miervals after streptomycin  administration
and suspensions prepared in 0.9% NaCl solo-
tion (final dilotion 1 10, except for the eer
vical lymph nodes where twas 1 20)

Streptomycin levels In tbe terum and or
fan bomogeoates were determined by the ver
ucal diffusion test (VDT) after Schimedel
(1958) as modiffed by Wagner et al (1963),
uamg a strain of Af smegmatis as the test or
ganism.

The streptomycin kevels in the perilymph
were determmed by the filter disc test wming
B subdlis ATCC 6633 as the test organizm
(for further detmils of these methods, sce
Wagner et ol 1971} Generally one anmual
was wsed fot each concenination assay ex
ceplions are the 5 and 10 min valocs, which
are the means of the results from 3 anmmals,

Second serier. Injection of colloldal solotion.

Adminisgrarfon of preparanon

Intratheeal injection of colloidal gold solution
("Au, mean partucle diameter 50 A, spec.
act 31 mCi mg An) The snimals were killed
n the pven times. Cenical lymph nodes,
beart muscle Uver mucosa from the epr-
phanyngeal region end blood were ampled
for measurement of the activity of the gold

was ad d intr ly to mats. Five

animals were used for each sctivity assay

RESULT

First serles

The concentration of the antitrobe 1n serum
Iymph nodes, heart muscle lver and dia-
phragm was determuned 1 5 10 15 30 and
60 min after the Intrathecal injection of 200
mg/kg streptoraycin salphate into guinea
Pz (Table T). At 1 min the highest strepto-
mycm concentration was found m the perk
Iymph (10000 pg/ml) followed by the strepto-
mycin concentration In the cervical lympl.
pode homogenate (240 xg/ml) The other
coacentration levels all showed a risc cardy
in the observation period but the maxima al-
ways occurred later than m the perilymph
curve and in hymph nodes. The descending
sectrons of 1he eliminatton curves all have
the same slopes.

The climmatjon of streplomycin sulpbate
from the perllymph &5 much delayed and it
Is evident that the perilymph level B con-
stantly over the blood serum level up to 60
mumn after the fnjection. Remarkably the cervi-
al lymph node concentration remafns untd
15 min after the mjection above that of the
blood. Contrastng conspicuously with other
body tissoes the liver contamed less strepto-
mycin than dd muscle. In the comperative
trial where 200 mg/kg streptomycin sulphate
was given to guinea pigs intramoscularly there

Acta Ovolaryng 76
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QUANTITATIVE STUDIES ON THE DRAINAGE OF THE
CEREBROSPINAL FLUID INTO THE LYMPHATIC SYSTEM

W Amold, R Ritter and W H. Wagner

From the ENT Department Undversite of Franluri'Mein and Farbwerle Hoechst AG
rormals Melser Luclus & Brining Frenlfurt Hachu BRD

(Recehed December 13 1972)

Absirect Mokecular solulbons and colloldal particles,
when introdoced into the CSF flow oul very maphlly
to the peripbery by the dircet ymphatic connections
and atiain higher concentratioms in anlt flme in the
deep cenvkal hmph nades than would be pordbe
sla 1he bloodstream. Ths demoastrated CSFHymphatks
outllon pathway rep a direct L
tetwcen brain and lymphokd (e One way there-
fore presume that the deep cende! lymph modcs
proside the fint ste of (Miration for degradation
peoducts in the CSI”

Recent light and electron microscopic stud-
fes had shown that the cercbrospinal fluid
(CSF) has numerous communicatlons with
Y e Iymphatic system in the head mnd neck
y 1 addition to jts known outflow path-
ways (absorption by the cpendyma absorp-
tion {nto the meningeal veins, absorption by
the arachnold villi and reabsorption by the
chorowdph > The morphological findings,
though permitting topographical localization
of the additional outflow pathways, did not
allow any conclusions to be drawn as to the
rate of CSF clearance via the lymphatic route
It also remained uncertsin whether sub-
stances dissolved in the CSF reached the
lymphatic system in the hesd-neck regwon
faster by way of the blood or by the direct
lymphatic pathway Since to our knowledge
no results have yet been published on any
study of this subject, and as the relevent dats
might be of clinical and even therapeutic
value, we heve investigated the kinetics of
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the CSF-drainage via the lymphati routt m
& model experiment with guinea pips, ushy
molecular soluttons and Isotopes.

MATERIAL AND METHOD

Animals  Guinea plgs (heterozygous stoc,
body weight 270460 g)

Experimenid Design
First series Injection of a mokenlar solotis
of streptomycin sulphate  determination of
concentration by microblological asmay

Adminisiration of preparation

(a) 200 mg streptomycin sulphate in physe:
logleal saline per kg body weight was -
ministered by slow intratheeal nfection i
the cerebello-medullary cistern. The In|
volume was about 150 uL The Injection ¥3
made with great care and without the applicr
tion of pressure (for method of pressurck®
administration sce Arnold et al. 1972)

(b) For purpases of companison other gainct
pigs recetved 200 mg streptomycin sulpint!
Lg body weight by deep Intraglateal fnjectios:

Microbiological assmy
I diately after decapitation of the o
mals, mmples were taken of musch HS¥

(diaphragm) lver heart muscle, deep eent



Drainage of cerebroapingl fludd into lymphatic system

Tablel Srrepmyahcmcmrmﬁau(“]nd)afm
trathecal infection of 200 mglky SA suphate
e

Thme of sxmpfing (miootes postfojection)
Number of —_—
azdraly 1 3 10 L
Ferbymph 10000 7000 5400 1000 600 20
Serum 0 177 10 ;62 3£ lg
ymph nodes TR U
e » 97 16 250 23 1

3
3

cal lymph nodes, peritymph from the round

157

fsotope. The total activity In the syringe prior
to Injection was measured by gamma scintil
hitlon counter In defined geometry After the
fnjection the residoal metaty 1n the syrmge
was mepsored. Activity in the blood and or
gans was measured In the borehole of the
scintilation erystal. A convention factor be
tween the two imstruments and the radicac
uvity decay werc taken mto account m the
calculation of all results. Generally three ani-
mals were used for cach activity assay and
killed after 10 25 45 and 60 mm. Foar con-
trol the mme radicactive gold Ay, & 50 A)

window membrane and bloed. The microbwo
logical sstays were carmed out with serum
and organ homogemates. The latter were pre
pared with organs removed under sterfle con-
ditlons irom the kiled teyt anmmals at gnen
intervals after sreptomycin  administration
and suspensions prepared in 0.9% NaCl solo-
thon (final dilatlon 1 10, except for the cer
wvical lymph nodes where it was1 20

Streptomycin Jevels In the serum and or
gan bomogenates were determined by the ver
tical diffusion fest (YDT) after Schmiedel
(1958, as modifled by Wagner ct al (1963),
using a stram of Af gnegmatis as the test or
panhm.

The streptomycin level in the perilymph
were determined by the filter disc test uxing
B mubillls ATCC 6633 a3 the test organusm
(for further details of these methods, see
Wagner ¢t sl 1971). Genenally one animal
was used for each concentration agsmy  ex
ceptions are the 5 and 10 min values, which
are the means of the resalts from 3 ammah.

Sevond series. Inyection of colloidal sofutfon.

Adnunistration of preparation

Intrathecal inyection of colloidal gold wlution
(™Au mean particke dtameter 50 A, spec
ot 31 @Ci mg Au) The snimals were Lilked
at e gien umes Cervical fymph nodes,
beart muicle, liver mucom from the ept-
pharyngeal repon and blood were sxmpled
for mensurement of the activity of 1he gold

was d {ntr ly to rats Five
anmmals were used for esch activity assay

RESULT

Flirst seriex

The concentration of the antibiotic in serum
lymph nodes, heart muscle, liver and dia
phragm was determined 1 5 10 15 30 and
60 min after the mtrathecal nfection of 200
mg/ky streptomycin sulphate into gulnea
pigs (Table I). At 1 mm the highest strepto-
mycm concentration was found in the perk
lymph (10000 pg/mi) followed by the strepto-
mycin concentration m the cervieal lymplo
node homogenate (240 pg/ml) The other
concentration levels all showed a rhe early
in the chservation period but the maxima al-
ways occurred later than in the peritymph
curve and in lymph nodes. The descending
sections of the climination curves all have
the same slopes.

The jon of streptommycl p
from the peritymph x much delayed and it
1 evident that the perilymph level is con-
stantly over the blood senum Jevel up to 60
run after the infectron Remarkably the cervie
cal lymph node concentrailon remalns il
15 min after the ingection above that of the
blood Contrasting conspicuously with other
bodyli!mutbeﬁmmnuinedlcnrurpw-
mycin than did mmscle. Tn the comparative
trial where 200 mg/kg streptomycin sulphate
a5 given to guinex pipy Intramusycularly there
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158 W Arnold et al.

Tabie I Concentration of streptomycin sulphate
In some organs after intramuscular injection of
200 mylkg SM sulphate (ug/ml)

Minutes post fnjection

15 L 60
Perilymph 13 29 42
Serum 260 170 160
Lymph noves 144 14 (b2 ]
Muscle M n

was no tendency for the drug to accomulote

more In the cervical Iymph nodes than in

other thsues. The concentrations efter intra
. 4re were  sub

lower than after intrathecal injection also

when these measurements were carried out

carlier Indeed it Is evident that the mate of

ration iy

Tabke 111 Acticity of ™ Au in variows body tirm
(percentate of total meassred actitity per prm
of tiszue) 10 25 45 and 60 minures after (in
thecal infection of the Isotape (3 antmals for eac
concentraiion assay)

Minates post-injection
10 2 45 o
Liver 141 tn 123 o
Heart 0012 00035 Q0082 pO0E
m 361 1308 H¥ 3K
O 0.40 08 4 o0y
Serum Qe 024 131 oo

trol particle size 40 A, similar to that of
™Au_ 50 A) by reticulocytes lning the
lymphatic sinus marginales et medullares and

outfllow of a final maximum ation
from the ccrvical lymph nodes shows some
delay over that from other tissues (Table IT).

Second serles
The intrathecal injection of radioactive gold
with a particle size of 50 A Ied to the find-
ing of similar concentration differences in the
various tissues, In the second seriex, as in
the first a sgnificant accumulation of ac
™ vity was mcasurable in the cervical lymph
<lex (Table 1) In order to exclude the pos-
nzbﬂlty that this was not merely the specific
sequestration of colloidal gold by the rethculo-
endothelial cells of the cervical lymphold tis-
suc radicactive gold (50 A) was adminkstered
intravenously to control mts. No speeific ac
cumulatron of the isotope was found in the
cervical lymph nodes of these control ank
mals at up to 2 hours post injectionem Mas-
sive accumulation was, however found in the
liver and spleen and the serum radioactlvity
was still three times higher than the cervical
Iymph node radioactivity after 30 min (Table
IV) The high #nd cnduring radicactlvity
measurable in the cervical lymph nodes af
ter intrathecal Injection might be explained
by mnocytotic uplake of the tracer (Thoro-
trast was used for clectron microscopic con
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Iation of the colloklal particks bt
the Intercellular spaces fn the lymph podk
medulla (sites that arc possibly reached ks
rapidly via the blood-stream) (Fig. 1)

DISCUSSION

Our trials with a mokecular solution (strepio-
mycin sulphate) and a collofdal solution (-
dioactive gold with a particle size of 50 A)
show that these substances, when lntrodoced
fnto the CSF reach the deep cevical fympk
nodes via lymphatic pathwnys much fas
and in higher concentration than they do ¥

Table IV Actirity of ™ Aw i1 rarious body risset
after intrarencus infection of the wotope afer ®
mintutes 2 hours 24 howrs and 48 howrs (pereet
tage per gram of tissue) (S anlmals were el for
each concentration assay)

Twene post-Injection

_F————P_—’_—

Omika 2h un M
Lher un o2 nes 98
3 1.89 204 223 Y
Lymphoodes 020 02 07 O0F
Lung 041 ax aly 0 17
Mumclo 0015 ooh 0016 Ogﬂ
Heart o1y oo 00X OOF
Seram o™ o oo 0%
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~

fay

ﬂb.wca,.\ b 1

I st
T JJ» -.-‘
o

A

)

whch are being tiken op by micropinocytoss (-~

the medullar dom region of a lymph pode 1 min Nk the cytopisses of reticubum ceths (R). L - lympho-

Fg ! Magmllcanom 32000 of a section acroms
after on mimathceal mpeetion of %0 al thodom-  cyte.
dwade The oo contaln many partices of the tracer

attained via the blood The mokcular strepto-
mycin solutlon produced a high lymph node

tsrue

the bloodstream when injected mtramuscu- term trial than the maxmmum concentratons
larty The
too were several times greater In the short
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concentration due only to the high outflow
rate from the CSF and thls concentration
equilibrated rapldly wath that in other tissues
as the substance moved into the bloodstream
The very slow rate of decay of the colloidal
pold Isotope in the cervical lymphold thsue
indicated accumulation there and Indeed to
an extent that could not be attained even In
the long term tral with mn cqual amount ad-
ministered via the bloodstream (Stembredge
ctal 1953)

Our clectron microscopic studles (Armold
et al. 1972) suggest that the reason for this
hugh a-tivity may be accumulation of the col
lokdal tracer intracellularly in the cytoplasm
of reticulocyies and intercellularly as deposits
between the Iymphocytes, sites that are ap-
parently not accessible via the bloodstream

In consensus with many reports on mor
phologwcal findings in the literature (hey
Retzius, 1875 Hoffmann & Thid, 195%
Brierley & Fleld 1948 Yoffay 1958 Arnok
ct al. 1972) our experiments again support
the existence of CSF-lymphatic connectiom
Evidence was also forthcoming that certxs
particulate materials present in the CSF resch
the decp cervical lymph nodes faster wa di
rect lymphatic outflow pathways than via the
bloodstream. As our '™Au and Thoroirast
expenments show  these nodes must sct
an important filter station for the CSF o
its way to the bloodstream The apparem
rapldity of CSF transport out of the sb
arachnok! space by way of the hymuph jostifin
the question whether present concepts of CF
circulation need some revisson. Dissobved and

during the short term trial for the collokdal

fissolved sub: {e g. braln-specific &

tracer Measurements also indicate that or
gans in the flow through reglons of the CSF
lymphatic connections (perflymph, middle ear
mucosa olfactoric mucosa naml and epk
pharyngeal mucos) likewlse show a con-
siderable accumulstion of the tracer It Iy of
particular interest that the perilymph of the
Inner ear very rapldly accumulates the highest
streptomycin concentration of all body tis-
and that this concentration falls only
ley apparently dependent on serum con-
Ths not only affords further evi-
dence of a free CSF-perilymph communkca
tion (Amold & v Ilberg 1971) but also in-
dicates in partlcular that the Iymph clrcula
tion of the inner ear Is subject to its own
laws (cf Wagner et al 1971)

Knowledge of the existence of a CSF
lymphatic communication also cxphins the
apparently paradoxical changes in the cervi-
cal lymph node concentration after intramus-
cular Injection of the antibiotic. The trial
shows that, onlike the concentration changes
n other tissues, the cervical lympb node con
centration falls only very slowly an explang
tion being that this lymphold tusue accumu
Iates streptomycin from two sources, the
bloodstream and the CSF
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grodation  products) can  leave the OF
through the arachnoid villi (Shabo et ol
1969) the ependyma (Brightman, 1965, 196&
Feldberg & Flelschhauer 1965 Janzen, 1569)
the chorfold plexus (Cserr 1971) and (e
Iymphatics. One must ider however that
penetration through the ependyma or arsdr
nold +illl # obstructed by morphologkal
barriers which only allow passage by an intr-
cellular route in the region of the ependyms
the morphological barners are zonulxe el
dentes, subependymal astrogha, b t mes-
branes and cndothelml cells (Hager 1961). B¢
know from the studes of Farquhar & Pabi&
(1965) and Brightman (1966) that the mate
ment of substances across the described celtos
plancs is by a transcellular route by pasting B¢
zonulae occiudentes and the  conseqeent
must therefore be that the mte of passage o
be determined cellularly

There are no cellular barrfers i this 53
on the lymphatic pathway Our investigatons
do not show to what extent the reticulom ab
of the cervical lymph nodes regulate the =5
sage of the fluld. But a mefor portioa of %
50 A particles was sequestrated intracelle
Iarly in the reticuloendotbelial system of
lymph node sinuser. Tt must also be emp™




Drainage of cer )

sized that particles as large ms Thorotrast,
for example will penetrate as far as the in
tereeflular spaces within Iymphioid follicles.
Ount findings do not allow us to exclude
the poaibility that CSFlymphatic communi-
cations provide a route of access for neuaro-
trople, viral or becterial Infections to the
brain 1t has been demonsirated by the in-
vestiations of Orosz et al (1957) and Czern-
Jawaka {1970) that this pathwey can be uth-
lzed, even agalnst the direction of CSE-flow
Evidence was adduced that a centrifugal CSF
Jymphatic streama dd pot prevent isotopes

I fludd into Fymphatlc system 161

flold

traln of ferdin Injected Into
1 Epend; 1 d 1 Cell

Bol 26 5

— 1966 Op. ci. 11 Parmchymal dhtribugan. Amer
T Anat 117 193

Caerr H 1971 Physlology of the chorokd plexms.
Phyicl Rev 51 213

Cremjrsska, A. 1970 Experimental imvestigations on
the pemeiration of An from nxal mecous Dem-

Nud.

(™Au) from reaching far higher B
tsoms In the CSF and various topographic re
giom of the brain (paraventricular orxans)
than woald be possibic vin the blood.

These {lndings may therefore  provoke
new thought on catablished concepts of CSF
circolation and the Junction of the brains
own abworptive organs (cpendyma, arachnold
villi, choroid plexuses or ependymml orgam)

ZUSAMMENFASSUNG
Molekulere ond partitulire Losongen
wmtrathrkaler AppCkation
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MORPHOLOGY OF THE VESTIBULAR NERVE
1 Anatomical Studies of the V estibular Nerve in Man

B Bergstrdm
Frowt the Depsciment of Otolaryagolory University Hotphtel Uppsata Sweden
(Recetred February 22, 1573)

Abstract The mntratemporal portion of the yewtibular
nerie I man has been stodled with regard to My
groa and topogrephkon! anstomy The d@ody Inchudes
a lght Inveuigation of the Ib

ganglion and the preganglionk: parts of the vestibular
nerie. The form and siructure of the svextibular
aoghon are dewcribed a3 sell as the interrelation of
ganglion ccls and pene beancher, It was found that
there i ooc panglion composed of two major cell
groups connected by & narrow lsthmo It was aho
found that [n nearly all of the nenve specimens cxam-
joed the poftcrior ampulls was Inncrvated by two
nene brancher. The peesent bnvestigation b part
of » major study of the vertfbakir nene It prosides
the beds for foriher detalled studies of the vestibatar
pene branches regarding the pumber of serve fibers
and the callber spectra bn the different branchev.

The anatomy of the vestibular nerve has been
subject of several investigations. Many
1es of mammals Including man have been

tudied and found to have great structural
similantes (Retzivs, 1884 Voit 1907 Lorente
de N6 1926 Anson et al 1967 Gacek, 1969
Sando et al 1972, and others). The vestibular
nerve is part of the VIII cranial nerve which
according to international nomenclature s
named the vestbulocochlear nerve or n. ves-
tibuiocochleart, It s malinly composed of
afferent fibers from the vestibular sensory re
gions to the vestibular nuclel. It also contams
efferent fibers to the vestibular regions (Pet
roff 1955 Rasmussen & Gacek 1958 Gacek
1960, 1966) and to the cochles (Rasmussen
1942, 1946) The vestibulocochlear nerve and
This work hes been spomored Ju part by NASA
Grants Na. NGR 52128003 and NGR 52-023-004 and
tbe Unhersity of Upprate.
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the facial nerve course together from the
brain stem through the internal acoustic pors
Into the internal auditory meatus. The f
ferent vestibular ncurones are bipolar the
ganglion cells are located in the vestibulr
ganglion at the bottom of the meatas. Two
main portions of the ganglon can be &
tingulshed  pars superior and pars Inferior
and they are connected by the parrow k-
mus ganglionaris (Alexander 1899). Veersill
(1956) found gznglion cells not only fn the
ganglion In the guinea pig but also scattered
in the isthmus and in the nerve branches
According to Ballantyne & Engstrom (195
however the ganglion cells fn mammals form
only one ganglion although a few gangtion cells
arc occasionally seen at some distance from
the ganglion. The vestibular ganghon cells ar¢
generally larger and show greater variations
of their diameters than the cochlear gangho
cells (Alexander 1899 Kellerhals et al, 1967
Ballantyne & Engstrom, 1969).

According to several authors, there B 2
tonolopic organtzation of the vestibular pof-
lion cells (ie the functiomlly different arcss
of the sensory regions have determined pro-
jections In the vestibular ganglon as well &
n the bram stem nuclef). Lorentc de N (1929)
recognized five reglons in the vestbalar gang
lion of rat as distinguished by the size o
their ganglon cells. Each regtoa supplicd &
specific part of the sensory regrons. Tomotep®
organization of the vestibular ganglion has s
been reported in monkey (Stein & Carpent<t



1967) and cat (Gacek, 1969). These muthors
found 2/3 of the ganglion cells In the superior
ard 1/3 In the infenior portion.

At the level of the ganglion and further
periphenally the vestibular nerve is divided into
a supenor and an inferor division. The su-
pertor division innervates the sensory epithelia of
the lateral and anterlor ampullac, the utrkle,
and a small portron of the macula saccufi. The
nfenor dmsion supplics the main portion of
the macnla saccull and the posterfor ampulla.
The innervatron of a small part of the macula
mccull from the supenor division of the ves-
tibular nerve was first reported by Retzius
(1881) 1n teleosts and by Voit (1907) in mam-
malt The small perve s usually called Vot s
nerve. In mammals, includmg man, there s a
connection between the inferfor division of the
vestibular nerve and the cochlenr perver the
vestibulo-cochlear amastomosts (Qort, 1918)., 1t
comtaingt efferent fibers to the cochles (Ras-
musten 1942, 1946) as well as some afferent
fibers (R 1953). A be
tween the lateral ampallary perve and the
utricular nerve was described by Shate (1951).
Tt was thought to contribute to the innervation
of the macula uvtrjculh An anssiomosis be-
tween the facial nerve and the VIIT nerve wat
reported by Lorente de N6 (1926). These fibers
were shown to leave the facial nerve at the
level of the | part of the genleut
ganglion (Shute, 1951) There s also an anas-
tomoms between the vestbular and fach)
nerves. It belongs to the Intermediny perve
(Gacek & Rasmussen 1961) which is adherent
to the VII nerve for a vanable drstance
{Rboton et al. 19685).

Surgica) interventions on the vestibular nerve
and the inner car such as the removal of in-
trumealsl acoustic neuromas, vestbular nerve
secthon o Menitre s disease and sinmt opera-
tons arc no raretles today They require &
thorough knowledge of the amatomy of the
temporal bone The aim of the present in-
v:ﬂiprmmmundymdmmtclhcm
and topagraphical anatomy of the intratem
poral part of the vestibular nerve in man. The
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ib and the pr dlonic parts
of the vestibular nerve have been studied in
detail a3 & basls for further numerical studies
of the vestibular nerve.

MATERIAL AND METHOD

The obscrvations of the general form and
topographical relationships of the vestibulo-
cochlear perve have been made on 40 temporal
bons specimens. The left tempom! bone with
the VII and VIII nmerves was removed at
autopsy and fixed in 10% formaldehyde Soft
tissnes were cxcased and the bone decakeiffed
1n 8% HNO, for 10~14 dayy. After pentralira-
tion in 5% Na.SO, for 24 hours the specimen
wis rinsed 1n water and transferred to and
stored m 70% alcohol.

The dissections were performed under a Wild
M5 dissection microscope with the specimens
in 70% alcohol The decalciffed labyrmthine
capsule as well as the bone surrounding the in-
termal auditory meatus were easily removed
with the ald of kntves and small forceps. The
vestibulocochlear and facial nerves as well as
the membrapous labynnth were thus exposed
and studled. Ph hs of the
were taken on Kodak Tri-X film with a Hassel-
blad 500 C camera using an 120 mm lens and
extension tubes of varying kengthr.

The hight microscope studies of the vestibular
nerve fibers and ganglion were performed on
11 nerve specimens wsed in & numerical study
Methods of fixation, embedding, sectioning
end staining are fally described in that stedy
(Bergstrdm 1973). Onc more nerve speamen

Table L AMeasurements of the internal auditory
meatia

Hor dam Vert dam Lenpth
Coo (rmm) {eom) (rom)
New] [ 4 7
6 wecky 4s 23 7
¥ 80y Pt = 10
F#0yn s — 1
M7y ] —_ 17
M35 yry 7 — 12
M43 7 7




Fig 1 (A) Supenor view of the labyrinth, the vex
thbulocochiear nerve and the faclal nerve. (s) anicrior
ampolls. (nme)
rioc

utriculo-ampullary nerve (nap) poste-
ampullary nene nole thin accemory branch on
peodmal side. (F 1D faclal nernve. Black arrow fodicates
ertibulofactal anaviomosis. (am) mperfcial petroml

was treated in the same manner and horizon-
tally sectioned through the vestibular ganglion
Reconstructions of the vestibular ganglion
were made with the aid of & microscope 1mage
profector
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acnves keaving the genkeufate gangbon, Cochlesr W™
at whie arfow  x 14 (B) Section through the sopero
portion of the vestialsr ganglion wbere the fben o
the entlbalofacial can be west 1o the Kt
Most of these flbers have much smaller diamek
than the vestibular nene fibers. 260

OBSERVATIONS
Form and course of the vestibular nerve
In this presentation the head 1s assumed fo b¢
bent forward 30 (i.¢ the lateral
canal will be in the horlzontal planey Tb¢



Fig 2 Reltions bets eon superiar ampulis utnctlo-
oerve, faclal nerve, and oval window (ee)
amterior ampolls (o) teral awrpulle. Arroms indicate

vestibulocochlear nerve leaves the brmun stem
and the crannl cavity together with the facml
nerve throngh the Internal acoustic porus.
Suwrrounded by a common doral sheath they
proceed 10 the internal awditory meatus to
reach the different sensory regloms of the
labyrinth,

The hormontal diameter of the porus and
lheknx(hol’Lbemnuulmmparuxtolho
vertical crest dividing the faclal nerve from
the superior vestibular nerve division were

d in five nondecalafied poral
bones from adults and in one newborn and one
6-week-old child. In the adnlts the horizontal
dameters vaned between 5 and 8 mm and the
length of the meatus between 10 and 17 mm.
In the newborn child the horizontal diameter
%&3 6 mm, the verucal damcter 4 mm ,and
Lbelen:Lhol’lbcmtlnn7mm.ConerpundJ:nx
values for the Gweek-old child were 4.5 mm,
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membeamons tabyrinth whhin the peritymphathe space.
(may) superior nerves. (aw) vtricolar penve.
@ ID) Iacial penve, (51) stapes. 12

25 mm and 7 mm (Tabke I). These observa
tions agree with those of Papangelou and
others (Papangelou 1972)

The facal perve is positioned antero-sm
perorly in the meatus with the cochlear nerve
inferdor to it while the vestibular perve runs
posterior to these two nerves (Fig. 1 AL The
vestlbular nerve divides into a soperfor and
an inferfor divislon. The superfor courses to-
gether with the facial nerve over the sharp
horizontal ridge (the transverse crest) which
divides the fundus region in two halves. The
inferdor vestibular perve division and the coch-
lear nerve pass nnder this crest

The factal nerve Lies very chose to the
soperror vestibular  nerve  division m  the
meatas Peripherally the two nerves leave the
meatas through bony canals scparated by a
sbarp vertical crest. Proximal to this crest a
connection between the nerves can be seen

Acsa Ovolaryng 76~
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Fig 3 (A) Scction through the anterior ampullary

(the vestibulo-facisl anastomosis) The fibers
of the vestibulo-facial anastomosis are ge
nerally much thinner than those of the vestib-
ular necve although a few thick fibers occur
Fig. 1 B shows the vestibulo-facial ansstomosis
in & 53-year-old man. It contalns about 700
fibers. The faclal nerve proceeds in its bony
canal in an anterfor and lateral direction to the
genfculate ganglion  After emitting the major
and minor superficial petrosal nerves the facial
nerve bends sharply in a posterior direction
and passes lateral and immediately nferior to
the lateral ampulla to proceed between tho
ateral semiciccular canal and the oval window
(Flg 2). The superor division of tho vestlbular
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of the vestibular nene peripberal to the paogfion.
Anterior and lateral ampuflary perses () arc o
separable st this kvel The utricutar nene (a) »ith
fts Joferior bundles penetrating the Labyrinthisc ap-
wuk. The blood vewmel at the anterior border b 2
comstant finding. x 63

nerve runs in & bony canal on the labynntkzt
capsule. The utrkcular nerve goes off b 8
postero-nferor direction while the fibers o
the two superdor ampuliary nerves form 0o¢
singke nerve branch durlng the greater part
of their course. They do not divide into two
separate branches until just proximal to the
ampullae, Immedmtely distal to the vestioolr
ganglion, which reaches far laterally In b
superior divislon, the thick fibers are rathet
evenly dispersed over the cross section ares
At more peripheral levels the thick fbers teod
to gather towards the center of the arew and
when the two branches have divided they 1
scen as falrly distunct bundles in the center o



AMorpholoty of vestibular nerve I 167

man, (ew)
o (map) postesiorn
T\ entering the cochlea

the branches. The thinner fibers are then
found predominantly in the periphery of the
croms section wren. In a section through the
unterlor crista (Fig. 3 A) the fibers are ar
ranged {n dstinct bundles with the thkckest
(14-15 microns) located together

The utricular nerve lies inferior to the

—

of otlbalar ganghion. (B) Fosterlor ampullary pene
whh accemary brench seen from beiow In thh case

ihe acorsocy beanch it seen dinlal ta the main branch.
2.

supenior ampallary nerver. It has a rather
short course xs an Idependent nerve branch
during its passge from the ganghon to the
foraminous nerve entry in the labyrinth cap-
sube. The fibers are more demsely packed and
most of them are thinner than in the am-
pullary nerves although e certain number of
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Flg 5 Membeanous labyrinth and elghth nene seen
from below (ep) povicrior ampulls (rap) posterior
ampallary perve whh accerory beanch. (as) saccular

thick Fibers occur all over a cross-section area
- the nenve (Fig 3 B).
- 3 a small canal in the superior surface of
transverse crest a thin nerve branch can
¢ followed to the macula saccull This h
known as Vot s nerve and sometimes it 15 de
hiscent 1n the proximal part of its course on
the crest.

The main portion of the Inferior vestibular
nerve divsion contmues in the direction of
the nerve stem as the mccular nerve. It passes
under the transverse crest down to the bottom
of the internal meatas where it enters the
Iabyrinth to 1mnervate the macula saccull In
this branch as in the utrrcular nerve there ks
& predominance of thin fibers and only a few
thick fibers are seen.

In one of the microscopically investigated
cases a nerve branch much thicker than Voit s
nerve was observed to leave the mccular nerve
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nenve. (ac) cochlear pene (aps) superficiat petrosd
perver. (5) head of staper. Round window b e
bencath stapes. x 10

distal 10 the vestibular gangllon and course
over the transverse crest to reach the macuk
sacculi that way There was abo in ths o
& thmner branch from the supenor surfecs
of the saccular nerve anterior to the thicker
branch. This thinner nerve branch pased o
der the crest and could be followed to (¢
foramina of the macula saceuli.

The second branch of the inferfor vestibalt
nerve divinion (the postertor ampallary perve)
emerges from the main stem msde the meat@
and lcaves the meatus through a bony cas
in a postero-lateral direction to reach the bty
rinthine capsule which it follows to the po
terior ampulla. The nerve branch 1
of 10-20 rather looscly arranged bunds .
which the nerve fibers are closcly packed
There arc great variations mn fiber thicknes
but as in the anterfor and lateral ampalitsy
nerves, the thick fibers dominate.



F g & (A) Reconstruction of the estibuisr panghon
21 secn [rom (be posterior side. Schematic drremg of
the vembuhr e with soperior (nwp) and tnferlor

estibotar ganglion

(new) anterhor Derve. (ax) wtricular nene.
() meccolar menve. (aap) ampuflary nene
(C) Horizootal through the inferor portioa of
the vexidootar

saoghon. Proximal end 10 the right
(1) saccular nenc. (may) posscrior ampallary Benc.
2

In practically all cases examined the pox
terior ampullary nerve was found to have »
thin aceessory nerve. This branch left the main
stem of the vestibular nerve 1-2 mm pronimal
and dightly superior to the man branch to the
pasterior ampulla. In onc case Is was seen to
origmate from the posterior ampullary nerve o
1ide the meatms and in another case It emerged
from the dixtal surface of the posteriorampullary
nerve and went separately to the ampulla (Frg
4B) In all cases except the last mentioned one
the thin eccessory branch left the mternal audi-
tory meatns through a separate bony canal im-
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mediately proximal and slightly superior to the
foramen singulare. After 2-3 mm it usually
united with the main posterior ampallary nene
and they reached the ampulla together but in
a few cmses the thm branch ran a scpanate
course all the way to the ampulla.

Form and structure of the
vexibidar ganglion

The vestibalar ganghon Is located near the
bottom of the internal auditory meatms, It i
drvided Into one superior and ome inferfor
portion (pars supenor and pars mferor) held
together by the nerrow isthmus ganglionars
(Fig. 6 A).

The mam direction of the ganglion is an
oblique line from the supero-antero-lateral ude
10 the infero-postero-mednl side. Pars superior
is the greater of the two portiony. It contams
the ganglion cells of the lateral and anterior
ampuilary nerves and thowe of the wvirkcular
nerve. In the present sindy #t was not possible
to determme the ocigin of Volts nerve. Pary
infenor holds the ganglion cells of the smecular
and posterior ampullary nerves.

The gaoglan cells are closely packed and
they form a ratber distinct ganglion ahthough
a few scattered cells are seen at some distance
from this cell mass. No bulging of the outer
contour of the vestibalar nerve in the manner
10 often presented in drawings of the vestibalar
ganglion was scen. There was, however o
small bulging of the anterior margin of pars
saperfor isthmus and the supenor part of pars
mferor

The superror ganglion cells reach farthest
peripherally in the supero-lateral mergin of the
lateral ampullary nerve and in the supero-
medual margin of the anterior ampallary nerve
The most peripheral ganglion cells are found
approuumately 3 mm protimal to the anterior
ampulls. More proximally the ganglion cells
occupy the whole cross-secton area of the
supenor vestibular nerve divinon. Still more
proximally the ganglion narrows In & postero-
{nferdor direction. Thos pars superfor becomes
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(A) Central part of the mperior portion m 8 1%-year
oid man. (B) Upper part of the superior portkm in a

more or less “Y" shaped when sectioned in the
horizontal plane. When sectioned longitudinally
in the sagittal planc it is seen as & narrowing
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22 yrar-old womsen. (C) Anterior part of the
portion o the same case. (D) Posterior part
Inferior portion in the mme case. 200

band in the proximal and infenar directiad
down to the isthmus region. In &
(10 microns thick) section pan superior bas &



maxmum length of aboat 3 mm and the “kgs™
of the *Y™ are 0.8-1 mm wide.

Isthmus ganglionarls has a length of 0.4—
0.5 mm and a width of about 1 mm. It js in
contnet with the central reglon of pars inferlor
which has a more elongated and sherder form
than pars superior 1t total length b5 4-4.5 mm.
The sceular ganglion cells are located anterior
and peripberal to those of the posterfor am-
pullary nerve. No ganglion cells were found
in the posterior ampullary nerve outswde the
main vestibular nerve stem.

The vestibular ganglion cclls have a rich
rupply of small blood vessels which can be
scen branching around the g cells, The
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that Lindeman (1969) described m a number
of speckes Including man. There was also in
this casc a thinner branch that Jeft the secnlar
nerve al the same level This smeller branch
courted under the transverse crest to the
maculs saccuh and might be the cochleo-
sacculst nerve to the posterfor part of the
macula sacculi described by Hardy (1934) and
thown by Shute (1951) to come from the
vestibular ganglion,

In peardy all of the investigated specimens
the posterior ampullary nerve was found to
be followed by a thin accessory bmanch. In
most cascs it left the vestibnlar nerve stem

jmal and slightly superior to the main

penglion cells arc almost round or ovol In
form with the nuclens more or less fn the
center The dameters of the ganglion cells
vary between 15 and 50 microns and the ma
Jonty seem 1o be 30-40 microns n dl

hnnch to the posterfor ampulla through a
separate foramen in the wall of the Internal
meatus. Gacek (1961} observed a double mner
vation of the posterfor ampulla 1n 4 human

Regiomal differences in cell gfze were not
sufficiently cvident to allow a subdlvision of
the ganglion based on the size of the ganghion
cells.

DISCUSSION
In the superior dhvislon of the vestibular nerve
the branches to the anterjor and lateral ampullae
arc almost inseparable during the greater part of
therr course They divide fnto separate branches
very close {0 the ampullae Thxk and thin
fibers occur all over the cross section area
close 10 the ganglion but at more distsl levels
the thick fibers are more centrally bocated. In-
side the crista the thickest fibers run in sepa
nate bundles, They teem to be Cajal's (1909)

ffbres colossales™ and Lorente de N6 & (1926)
“fibres proszes”  According to these anthors
the colosml fibers went to the har cells on
the top of the crista where they mnervated
one single or smmall groups of two or three
sensory cells,

The reiatively thick nerve branch that was
$otn to emerge from the sccular nerve 1n one
case and pass over the transverse crest to the
macula saccull 1 probably the same branch

17 s

| bones. M don et al. (1970) re
ported two cases of crste neglecta in man
where they observed an sccessory branch to
the posterfor ampulla. This branch was said
to leave the merve stem distal to the main
posterior ampuilary nerve. They studied more
than 600 temporul bones and in &l of them
two posterior ampallary nerves were found. In
the pretent Invextigation the course of the
nerve fibers was not studied inude the cristac,
The vestibular ganglon cells form one, Irre-
gularly contoured, ganglion consisting of two
main portons, pars superior and pars mferror
The proxmal part of the muperior portion of
the ganghon was connected with the central
regron of the inferfor portion by a narrow
isthmus. The vestibular gangiion cells vaned
1n size between 15 and 50 microns. It was not
possible to make a reliable wubdivision of the
vestibalar ganghon into different reglons based
on the cell size a3 was done by Lorente de Né
(1926}

LUSAMMENFASSUNG
Tell da bei
llclnchm wiurde hinschiBch seiner mkrmkuptbcn
Arnatomle Die Unter

-dm;m!mmmhn.kaph:b-&ndlmdu
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Vestibularganglk Th Telb dey dofogle du 1
vmbuhmmx.DI:memddhsn-uknndaVu- nerf Denxfeme partie.
die Twischen Gang- de Fanatomie des

IkmtﬂcnundNu‘vmlﬂmwmienb:-:hrhhﬂLE
stellte sich berun, dew o och um cin Ganglioa

fast alken mntersuchien Nemvenpripamten war Am-
pulla posterior yon rael Nenenlsten fnerviert Dis
sorBegende Untersuchung stellt eften Tell elner grive-
ren Sudic Ghber die Vestibultmenven dar Ske bildet
die Bashs fOr wcftere detalllicrts Stodien der Ver
thularnenendste deren Faseramzabl und der Kallber
verblltinhwe der \erschicdenen Aste.
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MORPHOLOGY OF THE VESTIBULAR NERVE

T The Number of Myelinated Vestibular Nerve Fibers
in Man at ¥ arfous Apes

B Bergurdm
From the Depermment of Owdoryngology University Hospiral Uppeals Sweden

Recehved Febriary 22, 1973)

Abstrect This paper contalny & study of the sestib-
wlar nerve and Hs bamches tn wan at lrhnlp:;l(
bas been dons whh the purpose of extimating the
ncrm:\l"nmnhuulntncﬁ:alndmh\uﬂpm
whether any redoction occury whth incressing age.
The vestibolar penves from llhr.ﬁ'ﬁil..hd\u)mx
sges roaging from birth to 85 years wow

Thow was »o hnown history of vestibolar dhorden
sach a3 Meuiiros dhease or weomtic netroma, of of
treatment whth ototoxe antfbiothcs or kradiation ther
*PY % the head Foor persam in a younger groop

mumber of nerve flhers fo the old age graup averages

37% and b statistically sigalficant st better than tho
1% el

Numencal studies of the luman vestibular
system have been done by Rasmussen (1940),
Naufal & Schuknecht (1972) and Roscnball
(19724, 19725 1973). Rasmussen (1940) ex
mined 37 vestibular nerves at an intracranial
kevel In the age group 2 to 26 yean, fiber
counts ranged between 15 300 and 24 000 with
a0 average number of 18900 In the ago group
44 10 60 years be found from 14 200 to 22 500
Mbery and the average value was 18 000

Naufal & Schuknecht (1972) counted the
number of vestibular ganglion cells in 15 ves-
Ths work ha been in part by NASA

been epomsored
Qrants No. NOR 57028003 and NGR 352-023-004 and
the Untveraty of Uppeata.

tibalar nerves from 9 indrviduabs of different
ages with o history of car disease or hearmng
loss. They found an averege number of 18 439
vestibular  ganghon cells  (range 14 920
22 390) with no signs of age related degenera-
tion. In a further case 86 years old with dis-
betes mellitus from the age of 40 they found
12430 ganglion cells in the right aod 10910
in the left vestibular nerve. In all bat one case
the majority of the ganglion cells were reported
to belong to the inferror division of the nerve.
In Stein & Carpenter s (1967) study on monkey
2/3 of the nerve fibers belonged to the superior
vestibular ganghon cells. In a numerical ana
Iyns of the vestfbular nerve and fts ramt by
Gacek & Rawmussen (1961) the mtio of nenve
fibers in the superior and inferior divisions was
approximately 3 2 in the guinea pig cat, and
monkey

The vestibular sensory celk hme been
amlysed by Rosenball (19720 19725 1973)
In a group of individeals, none of whom was
older than 40 years, each of the three cristae
had san average number of 7600 hair celly
(range 6700-83300) The macula utrculi
carried 33100 (29 500-39200) hafr cells and
the macula sacculi 18 800 (16 000-21 300) In
his old age group quite clear degenemmtive
changes were found. The reduction In number
of sensory cells amounted to about 40% on
the cristac and approximatcly 20% on the
maculee. There were great Indmmdual varia-
toas in individual losses. Apart from Rosen-
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hall’s reports, the exhstence of old age related
degenerative changes in the vestibular system
has been denied by a number of authors.
v Fleandt & Saxdn (1937) Jorgensen (1964)
Hansen & Reske-Nielsen (1964), Reske-Niclsen
& Hansen (1964) have all studied the degenern-
tlve processes of the cochlea in aging. In that
connection they also looked at the vestibular
system without finding any changes that could
be related to old age.

Schuknecht (1964) presented four cases with
extensive degeneration in the cochlea attributed
to old age In one of the cases, he reported
degeneration of the macula saccull while the
rest of the vestibular system was said fo be
normal. In two of the cases the whole ves-
tibular system was reported to be normal and
in the fourth case there was no information
about the vestibular part. Schukaecht ¢t al
(1965) found what they called cochleo-saccular
degeneration m an old cat, an old dog, and an
ol man. All these had extensive age related
degeneration m the cochlea and fosses of
about 50% of the hair cells of the macula
aaccull The other vestibular sensory reglons
appeared to be normal. They drew the conclu
sfon that the phylogenctically younger pars
inferior of the labyrinth i more vulnerable 1o

o than the phylogenetically older pars sup-
.y, Johnsson (1971) and Johnsson and Haw
3m (1972 5) found age-related degenerations
1n the macula sacculi but only minor changes
n the macula utrrculi. However none of those
reports was based on numerieal studies and
it therefore seemed worthwhile to make a
numerrcal analyus of the vestibular nerve
The purpose was to estimate what might be
termed the “normal” amount of myriinaied
fibers in the vestibular nerve and its branches
and to ascertain any reduction in number with
increating age A preliminary report of the
results obwined hzy been publuhed (Berp-
strdm  1972).

MATERIAL AND METHOD

The left vestibalar nene from 11 individuals
aged from burth to 85 years was obtained at

autopsy In no case was there a known

of vestibular disorders such as Menfre s diseasy
or scoustic neuroma, treatment with ototork
aatiblotics or irradiation therapy to the hexd
One case with leulemis (22 years) hed beey
treated with the cytotoxic agent cyclophospta
mid (Sendoxan?) a few months prior to death.
But since she had one of the highest numben
of nerve fibers counted she has been included
in the series.

At autopsy formaldehyde-cosin was infected
through the carotid artery (as a part of the
embalming procedure) and the left tempon
bone was then removed care belng taken not
to damage the inirs temporal perts of the
VII and VI nerves. Soft tisues were excned
and the bony roof of the internal awdsory
meatus was drilled away In order to erpse
the nerves. The muddle ear was opened, te
ossicles removed and the oval and roood s
dows were opened The specimen was phaced
in 2.5% glutaraldehyde for about 24 hoort
The specimen was moved to saline and the ves-
tibulocochlear nerve with jts branches wasvay
carefully dissected and removed from the ten-
poral bone The nerve specimen was then ficed
in cold, Veronal-buffered 1.5% 050, for 2
hours at+4 C. After rinung in water &
hydration teok place in increasing comcents
tions of alcoho! and propylenc-oxide. The
nerves were then embedded in Epon $12. 11 Tor
some reason the whole procedure could pot b
carried out without interruption, mtervals e
made at either the stage of gluterslienie
70% akohol or propylenc-oxide-Epon.

Altogether 31 temporal bones were
but in some of these the nerves had been 1a®
peripherally when the brain was remored fros
the cranial cavity In some of the fint @
the nerves could not be dissected frre I &
satsfactory manner In one case of scule L
tracranial hemorrhage the histologic sectios
were obscured by an extravasation of
into the merve. Another temporal booe b
large blood clots in the aternsl andiio?
mestus and was discarded.

The ing was dono with a glasHknift
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with 2 LKB Ultrotome. Cross-scctions of the
nerve branches, 3 p In thickness, at vnr{om
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4 cases the Intrameatal part of this merve
branch was taken out together with the whole

levels peripheral to the
were stained with paraphenylene-diamine. Af
ter nnsing and dehydration they were mounted
fn Canada batam. A Wild M 20 microscope
was used for the numerical stodies which were
made at 500 x magnification with the help of
an ocular micrometer disc divided mto 100
squares. The nerve fibers touching the left and
upper margins were not counted while those
touching the nght and lower margins were in-
clnded. It was possible to move the specimen
under the microscope so preasely that every
fiber withun the whole nerve section coald be
connted.

Since the vestibular perve fibers occur n
bundles that are wregularly sepamated by con-
nective thoue and blood vessels, no sampling
procedures could be used and it was necessary
to count all fibers.

In 5 casey, control anatyses were made a few
months after the fnitial counts withoat knowl-
cdge of the previous results the dlfferences
were less than 1%

The anterior and lateral ampullary nerves
Tun together for the greater part of thelr course
and could not be reliably sepanated untl] jost

nerve. In 3 cases the fibers of the
accessory branch were counted separately (131
284 336).

The material has been grouped sccording
1o age. The first group (young group) consists
of 4 individuals, 1 day 6 weeks, 22 years, and
35 years old. In the second group (middle age
group) mre the 2 middic-aged cases, 49 and
53 years old, and the third group (ol age
group) contains 5 cases, 75-85 years old.

RESULT

Young group

An can be seen in Table I the total number of
vestibular nerve fibers o this group averages
18346, When the different nerve branches
are anmalysed ft is found that the average value
for the two supenor ampullary nerves, which
for reasons stated above have been counted
as & unit, is 5899 fibers. The utncolar nerve
contains 5 952 fibery, the saccular nerve 4 046
and the postenor ampullary nerve 2 449 fiberx
Two-thirds of the fibers belong to the superior
divioon and 1/3 to the fnferior There are

proximal to the ampullae. Since it was not
abvays possible to get representative cross-sec
tions of these branches at that level, the two
superior empullary nerves have been counted
U 8wt on crosssections immediately perk
pheral to the ganglion. The utricular nerve
could be distinguished from the two supenior
ampullary nerves fn all but 3 cases. In these
3 cases the superdor division of the vestibular
nerve it accounted for as a unit. The saccular
nerve offered no greater problems regarding
demarcation. The fibers of the olvo<cochlear
btundle Jeave this nerve branch at the level of
:htmubuhrnng,ﬁonnndmmdldmtmtcr
ere.

The posterior smpullary nerve was dhoceted
from 13 bony canal in 7 cases and analysed
at the level where the thin accepsory branch
(Bergstrbm. 1973) connects with it. In the other

pt ! variations regardmg the
numbcrofnerveﬁbcnupcchllyinlhcm—
perior division. Although all three enstae are
reported to have the same number of sensory
eells (Rosenhall, 1972 ) the ratro between the
two soperfor smpellary nerves and the
postertor one is not foand to be 2 1 in ths
material. In 1 case (6 weeks) the given valoe
for the posterior ampullary nerve, 2124 b
probably 100 low 8y 2 small number of fibers
in the periphery seem to bave been torn away
at preparaton. In 1 individual (22 years) one
relatrvely thick perve branch containing 953
fibers and one thmner with 289 fibers, left the
saccular nerve immediately distal to the gang-
lion. The thicker branch passed over the trans-
verse crest and reached the macula saccull,
while the thinoer branch ran under the crest
to the macula saccull They have been dis-
cuxed In a previous study (BergstrBm, 1973)
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hall’s reports, the existence of old age related
degencrative changes in the vestibular system
has been derued by & number of authors,
v Fieandt & Saxén (1937), J8rgensen (1964)
Hansen & Reske Nielsen (1964) Reske-Nielsen
& Hepsen (1964) have all studied the degenern
tive processes of the cochlea in agmg In that
connection they slso looked at the vestibular
system without finding any changes that could
be related to old age.

Schuknecht (1964) presented four cases with
extensive degeneration wn the cochlen attributed
to old age In one of the cases, be reported
degencration of the maculs saccull while the
rest of the vestibular system was sawd to be
normal In two of the cases the whole ves-
tibular system was reported to be normal and
in the fourth case there was no information
about the vestibular part. Schuknecht et al
(1965) found what they ealled cochleo-saccular
degeneratron in an old cat, an old dog and an
old man. All thesc had cxtensive age related
degeneration In the cochlea and Josser of
about 50+ of the hair cefls of the macula
saccull. The other vestibular sensory regrons
appeared to be normal. They drew the conclu-
ston that the phylogenetically younger pars
infenior of the labyrinth s more vulnerable to

wung than the phylogenctically older pars sup-

r Johnsson (1971) and Johnsson and Haw-
~ s (19724) found age-related degenerations
in the macula saccull but only minor changes
in the macula utricul. However none of those
reports was basad on numerical studics and
it therefore scemed worthwhile 1o make 2
nomerical gnalysis of the vestibular nerve
The purpose was (o estimate what might be
termed the “normal” aemount of myelinated
fibers In the vestibular nerve and its branches
and 10 ascertain any reduction in number with
Increasing age A preliminary report of the
results obtained has been published (Berg
strém 1972)

MATERIAL AND METHOD

The left vestibular nerve from 11 individuals
aged from birth to 85 years was obtalned at
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autopsy In no case was there a known

of vestibular disorders such as Menftre s disease
or acoustic neuroma, treatment with ototorx
antibiotics or irradiation therapy to the bead.
Onc case with leukemia (22 years) bad bees
treated with the cytotoxic agent cyclophaspha
mid (Sendotan?) a few months prior to death
But since she had one of the highest pumben
of nerve fibers counted she has been included
in the serfes.

At autopsy formaldchyde-eosin was infected
through the carotid artery (as a part of the
cmbalming procedure) and the left temporsl
bone was then removed, care being taken ot
to damage the intra-temporal parts of the
VII and VIII nerves. Soft thssues were exched
and the bony roof of the internal anditary
meatus was drilled awny in order {o expeme
the nerves. The middle car was opened. the
ossicles removed and the oval and roand v
dows were opened The specimen was plced
in 25% ghiaraldehyde for about 24 bamt
The specimen was moved to saline and the v+
tibulocochlear nerve with its branches was very
carefully dissected and removed from the tea-
poral bone The nerve specimen was then flzd
in cold, Veronakbuffered 1.5% 050, for !
hours at+4 C. After rinsing in water &
hydration took place in increasing coscetie
tions of alcohol and propylenc-oxide. Tht
nerves were then embedded in Epon 812 I, f@
some reason the whole procedure could not &
carried ont without Interrupton mtervals wer?
made at cither the stage of glutaraldelnds
70% alcohol, or propylenc-oxide Epoa.

Altogether 31 temporal bones were celiecied
but m some of these the nerves had been 00
peripherally when the brain was removed frost
the cranml cavity In some of the fint &3
the nerves could not be dissected frec i ®
satisfactory manner In one casc of aculc &
tracranial hemorrhage the histologic
were obsv:uredbyl.ur.nr-w:.ﬂll.hm‘7‘“"""’d
into the nerve. Another temporal bone bsd
lacge blood clots in the internal audito
meatus and was dlscarded.

The scctionlng was dono with & gl



Morphology of vestibular nerve I1
Table T[ Nionerical data on the cestibular nerre and its rami in the ofd age growp

mn

Saperior divedon Tuferior drrion
‘Na smp N amp Total
Age antetlat Nutr Total N s post Total ‘west. merve
73 — 1"z 2 20m 4853 15950
b 3001 2599 560 1973 171 364 9274
w 2618 310 5978 ~TH 140 4227 10205
© — — 70 1507 lll'.U 30w 10074
161
L] 4301 2693 7003 3500 +338 4997 1 000
Man 09 [r}..0)] 7347 3% 1570 415 11 506

apy to the head. One young person had been
treated with a cytotoxic agent but showed one
of the highest numbers of nerve {ibers in the
material.

The materfal wes arranged In threc age
groups with the purposc of establishing what
mught be termed the *pormal® number of
vestibular nerve fibers and to cvaluate the
magnitede of the age related redoction of nerve
flbers. The young or “normal™ group Included
subjects with ages from birth to 35 years. This
B in sccord with Rosenhall s observations of
the vestibalar sensory cells where he found
10 sizesble reduction of halr cell populatsons
before the age of 40 In the present study
homever there scem to be a certatn reduction
of nerve fibers in the 35-year-old man, Since
indridual varations regarding the number of
nene fibery are likely to occur he has been
Included in the “normal” group. If this case
bad been placed outsde the young group an
oven eatlier and greater redoction in nerve
flber count than i reported here would be
present.

The pormal” values found mn thh study
(18346) agree very well with those of carlier
Teports; 18900 (Rasmussen, 1940) 18439
(Naufal & Schuknecht, 1972}

The two middle aged cases showed a shight
feduction of their numbers of vestibular nerve
fibers whule in the old age groap” (75-85
Years) & decrease In fiber counts of about
37 w1 found as compared with the “young
roup™

The reports of an focreasing loss of hair
cells in the vestibular sensory regions with -
creaung age when combined wath the observed
numerical redoction of vestibular nerve fibers
in old age found 1n the pretent Investigation
indicate an 1mportant correlation of morpbolo-
gical findings withm the fnner ear

It thus seems that a genera! reduction of the
number of vestibular sensory cells and their
nerve fibers takes place with increasing age
and wsmlly begms around the age of 40. The
vestibalar parts of the inper ear and VIII nerve
undergo pronocnced degeneration with 1n-
creanng age In the same manner as has Jong
been known 1o occur m the acoustic parts.
From tlus point of view the recently reported
observations on age related changes of the

NO OF
FIBERS
1080

13000

w0000 ]

v B VU R ]
1028 30 40 sn u 'm 19 %0
N YEARS

Fg I Cmthdmbtheml.:mmhnd et
wiar perve fibers i the investipated kndividmls,
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vestibular function (van der Laan, 1972) are very
interesting. Differcnt vestibular tests were per
formed on healthy subjects of vanous ages. With
all these tests, age-related changes were found.
The caloric test revealed an fncrensed response
up to the age of 40 followed by & decline with
incrensing age. Possible explanations of the
observed age affects were thought to be ha-
bituation vascular influences and vestibular
nerve degeneration. It scems likely that elderly
people can suffer from vestibular disorders due
to degeneration of sensory cells and nerve
fibers. The fact that vertigo and balance prob-
lems are common in old age is probably not
only caused by these periphernl lfesfons but
also by injuries to the central vestibular areas.
Vescular changes in the vessels of the internal
auditory meatus and the inner ear with aging
have recently been reporied (Flsch et al, 1972
Johasyon & Hawkiny, 1972 5)

From a clinical physiclogical point of wiew
degenerative changes have been reported to
occur n old age. Arslan (1957) and Minnj

Prehminary observations in this stody in-
dicate that the thick fibers from the ampullary
cnistae suffer the greatest lones in old age but
further observations will be needed. From
this investigation it Is also evident that soms
elderly persons can retain an almost normal
population of fibers m the vestibular nerwe
while other individuals may show extenshe
reductions of their nerve fiber counts. Thes
findings comstitute a very interesting basls for
further chnical studies of vestfbular reactivity
and central compensating mechansms.

ZUSAMMENFASSUNG

Dic vorfictends Arbelt cnthift cinc Stwfle Sbr
Vestibularnenven und deren Aste bl Momcher
verschiedentn Ahers, Das Ziel nar a1, dic Dormale
Anzah! der Nencafasern 1u bestiumen tnd zo e
sochen, Enwbewcit elne Redokthon der Paseramabl
bel stelpendem Aher mifirht Dio Vestbolanmes
on 11 Individven verschiedenen Alens, von Neoe
borenen bis zu $Sfbrigen gind untersocht worda
In kelzem Fall lagen Irgendwckehe Anpben Sbo
rextibulire Krunkheiten (wic Menire oder Akmir

rode et al. (1967) have observed decreased
caloric responses with increasing age. Bruner
& Norris (1971) found an increasing caloric
responsitivity up to 60 years of age and & pro-
ressive decrease In responsitivity in patlents

er that 60 They suggested that the obsened

s & effects were caused by vascular influences
and loss of central inhibition. In Arslan s study
a few cascs with increased vestibular responsi-
tlvity occurred, which he thought might be
caused by a conditioned decrease of the central
inhibition exerted by differcnt supranuclear
structares due 1o arterioscicrotre ch In-

*

oder fiber Behandlung mht fachr
A &2 oder des Koples vor
4 Penancn i elner jungen Gropps (b o ¥

Jahren) hatten rwhchen 16040 und 20212 (h’\‘;b-

316) atel ~
sern. Dic Anzahl Nervenfasern bel § alten Peneren
(7585 Jahrw) varlierte 7w brchen 9 274 md 15530, =
einem

e veck
Die Ventlbolamen enfasern bel der Gruppe ol shet
Peronen mahmen durchacholiBch ba 1o 37% &
Die Abushme begt satistisch auf ciem Nhemt ®
"

Anlan M 1957 The senewence of the vestbo

creased rotatory threshold in oM age b re
ported by Haas (1964)

The present study has only been concerned
with the number of myehnated fibers 1n the
vestibular nerve. It fs probable that the nu-
merial reduction of vestibular nerve fibers is
accompanied by alterations of the remaining
mnglion cells and nerve fibers. With the
present results 1 mind it should be of great
{nterest to investigate any relationship between
sensory cell damage and nerve fiber alteration.
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FALSE NEGATIVE RESPONSE FROM CALORIC STIMULATION

R. R. A, Coles and Susan E. Snashall

From the Operstional 4cousiicy and Audivlogy Group Iast iute of Sound amd Vibraton
Rescarch University of Sowthempion Sowthempton, Cngland

(Recefved November 30 1972)

Absirwet Greisen (1972) has recently drawn atiention
to pecudocaloric nystegmun” The present sathors
dimgree w th he interpretation of the evidence he
puts forward, but offer an aliemative explanation of
his evKence and & method for detecting the phenom-
enon when it octurk Thelr arguments alw indicats
the undestrablity of shoricning the Hikermul caloric
test 10 one tempetature only and the advantages of
doing the hot teats before the cold oncr.

In a recent paper (Grefsen 1972) attention
was drawn to the occastonal occurrence of
nystagmus when a functionless vestibular lab-
yrinth is stimulated by a caloric test irriga-
tion (pseudocaloric nystagmus). The parthal
compensation of destroction nystagmus that
ormally occurs after a few weeks may be
uced by various sensorml stimull, such as
Wric imgation, glving rise to nystagmus
hich is not a responss to ampullary stumu-
lation. Rubm & Vandemoer (1971) noted that
the latency of such nystagmus was shorter
than that of trug caloric nystagimus, and that
the nystagmus ks in the same direction as
any spontancous nystagmus (SN) that may
be present, but not necessarily m the same
direction as that to be expected from the
caloric stimulux
Similarly a false ncgative effect may be
obtalned from ealoric stimulation of a func
tioning labyrinth. Apart from inadequacy of
irngation (a not uncommon happening even
in experienced hands, but which can be de
tected by looking for the “tympamc flush
sign Coles 1972) it may also arise when
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an Induced nystagmus #s approximately equal
in velocity but opposite In direction to & pre
existing SN (or dircctional preponderauce).

If caloric testing 15 performed with the ad
of electronystagmographic recordmg  with-
out visuml flxation and with mental arithmetc
(reinforcement) any SN occurring undkr the
caloric test conditfons may in most cases be
detected, and measured with grester wad-
tivity than by direct observation. It can aho
be allowed for when measuring the respons
to calorrc wrigation, as jllustrated in Fig. 1
and may thereby help to reduce the spparent
incidence of one absent response and the &
ficulty of interpreting such an absent respoase.

Unfortunately the example of pseudoctiok
nystagmus In Greisen s artick (Fig. 2) doet
not appeasr to have been tested with the
tronystagmography Had this been done 2 SN
might have shown up in the absence of the
mhibiting cffect of visual fixathon Fig 2 couk
well be an exampie of a false negatne r-
sponse resulting from a combination of 2
R canal paresis (CP) and an undetected spoo-
tanecus nystagmus o the L or a duectonl
preponderance (DP) to the L.

He reasons that the 30 C R respomss B
pscudoctloric because there had been Bo &
sponse to stimulating that ear at 44 C 1n the
usual supine pontion nor at 4 C in the provs
position. We disagree if nystagmus followlng
the 30 C irrigatron of the R car was poeudo-
caloric (Le. there was no ampullary resposs
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Fig 1 Calorigrams showing modificatsons of canal
mress by two patteres of
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In spite of our objections to this evidence,
as presented by Grenen, for the existence of
pscudocaloric nystagmus, we have ourselves
observed phenomena that can only be ex
plained on the basks of a pscudocalonc re
spomse 1f there s any doubt as to the vabdity
of a single response to a palr (44 C and 30 O)
of calone stimuly, the situation may be clan-
fled by imgaton with water at 20 C in the
supine pontion, which should increase the
aalorfc (or psendocaloric) response. The ir
rigatson s then repeated in the prone ponm
ton, which will reverse the direction of the
nystagmus of 1t s caloric, but will not affect
st it it 1 simply an srousal of a latent de

(o () of s
CP whh a SN towards the opposite side (the more
omual pattern). (5) Internctson of w CP whh & SN to-
vards the mme shde (the lem oual pattern)
Degree of nystagms pot reconable (by ENG shthe
out bl fixation, with refnfarcement) — Nystag
mm crpected from CP alone. ¥ Nystagmin
remiting from interaction of CP with SN

whatsoever) why cid not the 44 C wrrigation
of that ear prodece a similar pseudocatoric re-
sponse? Perhaps the hot caloric was regarded
45 ke potent as a non-vestibular stimalus than
the cold one. Yet why was there no respons=
from a 4 C stymolus to the R ear either which
certalaly wonld be a more potent non-ves-
tbular stimulus than that at 30 C? The an-
FRer must surely be that the 4 C stimulos was
sdministered to the patient i1n the prone posi-
tion. At with the hot test In the sapme posi-
tion, the stimulus would be an ampullo-petal
one and produce a vestibular response which
would be in opposition to the latent destruc
tion nysiagmus. On the contrary 30 C sumu-
s in the suplne position would have pro-
doced an ampullofugal sumulus, the ver-
thu'ar response to which would remnforce
the hitherto latent destruction nystagmus to
the L ear Tt is contended that such a pattern
of results fs direct evidence for a real aloric
reponse in the R car and apainu a pscudo-
calorc one.

struction

False-negative and apparent pscudocaloric
responses occur more frequently when uting
direct observation than with ENG recording,
which 1 one of the advantages to be gamed
from the latter procedure. This need to de
tect the presence of any pscudocaloric nys-
tagmus and/or any DP and to allow for any
SN or DP in interpretmg caboric test results,
remforees the arguments for not shortening
the test to one temperature only Thus, in the

of
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Fg 2 Cadangram of Grelsen’s caample of pacado-
caloric oyxagmes (modufied from Greben, 1972, who
interpreted the 30°C rght 1ot as beiog pecadoca-
Tork). Period in which mystagmm §s oot lely 10
be obwervable. thoars
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sort of patterns of retponses shown n Fig.
1 the R CP would certainly have been missed
if hot tests only had been performed in case
(b), or cold tests only in case (a)

Finally inspite of the desirability of doing
caloric tests in cach car st both tempera-
tures, it occasiomally happens that the pa-
tient s cooperation is withdrawn before the
tests are completed. It is therefore important
to have performed the more uscful ones first
these we conskder to be the hot ones, on the
following grounds. (i) The pattern of rnter
action between CP and SN or DP shown in
Fig. 1 (a) Is considerably more common than
that in Fig. 1 (6% (H) The responsc to hot
tests, when measured without visual fixation
in terms of maximum velocity of slow phase
of Induced nystagmus, bas been shown by
Hincheliffe (1967) to give the best jndication
of the severity of the pathological process
(ill} The normal response to hot stimull i
greater than to cold ones, when measured
by maximum velocity of slow phase (as com-
pared with duration of nystagmus, which
leads to artelacts in tests performed without
visual fixation}) and hemce may give more
clear-cut results than from the cold tests. (iv)
Belng an ampullo-petal stimulus, in the con-

ntional caloric test position, the hot test 1y,

in, & more sensitive one and may give

s ‘ordable responses in  hyporeactive eans
where there 13 absence of any apparent re
sponse to cold tests. (v) If any negative re
sponsc occury, its validity can be checked by
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looking for the “tympanic flush tign™ winch
can usually be seen immediately after a hot
irrigation but seldom after & col ome moxe
over even if all four tests are performed, tme
may be wasted by not detecting at once any
tendency towards Inadequacy of lrrigation,
if the cold tests are performed first.

ZUSAMMENFASSUNG

Gretsen (1972) hat kirfich suf den  pecudoktl-
nischen  Nystagmus an{merktam primacht, Die obigen
Autoren sind nicht mit den Erklinmg der voo ham
h Resultate b Sto schlegen cioe
andere Erklinmg seinst Resudiate vor somle oo
Meibode, das Phinomen, wenn o auftrht, zm e
dechen. Es wird aumerdem pezelgt, dan o oot s
rekcht, den blthermaken Test auf aur eine Tempers-
tr m beschrinken, und damx es vorteflhalt i, de
betsen Teste vor den kalten ancrufTihren,
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DIE POSITIVE HABITUATION UND DAS VESTIBULARE
RECRUITMENT

M. Emami-Nourd
Aus der Il Hels Nasen umd Ohremlbndk der Universils Wlen When Osterreich

(Emgegangea am 14 November 1972)

wmnden Yorxmertrungen wird der Begrifl der posk-
ten Habitoaton  enpfahlen.

Stdungen tm  Cupulaendolymphsystem  Eu-
Bern sch medst infolge wicderbolter Stimo-
lationen In efner Zumahme der veatibuliren
Erregbarkeit, de als vestibubires Recrnitment
bezeichoet wird.

hlrel

Reaktionsabnahme nach mehrmaligen Dre
hungen.

Auch Gremer et al (1969) koante nach
mehrmaligen Pends in emer Zeitsp
von 2 Mimuten bel normalen Versuchsperso-
nen das Phnomen der Habitmaton nkht
nachwenen. Cawthorne (1956) konnte i Un-
tersuchungen an Menschen eme erhebliche
Habitoatlon nur bei der Cupulometre nach-
weisen Osterhammel et al (1968) fand auch
bei mehrmaligen, sehr starken Relzen keine
Habituaton. Fluur et al. (1967) konnte bei
wiederholten Untersochungen mit schwelken-
nahen Remen eine Zunahme der Latenreit

Die Unter mit wi- bach
derspriichlichen  Ergeb m-
rdchmt das aligemein b P
Phi der Habli + die
Habrtuation des Vestib nicht m
erkliren.

Birdny (1967) fand bei verschicdencn vestl-
buliren Reiztechniken keme Habitmation so
LeB er betsp 14 Tage ht h tg-
Eich 5-10 Drehungen auf cinen Patenten ein-
wlrken und konnte keine Habitmtion nach-
wefsen. Fiir iho war es jedoch schwer an-
zunchmen, daf eme sonst genmerell zu beob-
ldnz-nd.c neurophysiologische Eagenschaft am

em nicht  mach win

nicht jedoch ber fiberschwelligen
Relzen. Jongkees (1960) fand im Gegematz
zu Maspeiol et al (1965) keme Abnahme
der maximaben Winkelgeschwindigkeit der
langramen Phase und der Nystagmusfrequenz,
Mittermaier (1952) fand bel wiederholten ka
lonschen Rek clne Reaktk
nur emzelner Nystagmusparameter Im Ge
gensatz . diesen Untersochengsergebniseen
koanten Hazcyama (1963) Henriksion et al
(1961) Brown (1965) und v Arxt (1964) eine
Reaktionsabmahme im Sinne elner Habitos-
tion bei Tieren und Memchen feststellen.
Hallpke & Hood (1953) hat vestibubire Re

iuﬂlc.Erspdc.h!ronG:wbhmmx,ohncdmc
objektiviert zn haben. Ebenso fand Jusg &
Toanies (1948), offensichtlich in Hinblick auf
e Schwindelempfindung, keine wesentliche

infolge voa Adlpuﬂon
bzw Habituation als .response declme*

zexchnel Fast alle Autoren weben im Ge:m-
satr rur Nystagmusreakton ene deutliche
Habitmation In  der Cupulometric nach.
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Tabelle 11 }estibuldres Recruitment

D cnreinen Kaiorische  Roatorische  Pendel-

Stinndations- Stimata- Stirmuda- stimuls

methoden tionen tiooen thooen

Pendel-

stlomatationen 2 1 0

Rotatorbcha

Stimuhatonen 22 4 1

Kalorhche

Stimutationen 2 n 2

D Hiufigicit des \rnhd.lm: Recrultment clm:hu
bel 3. (Nur cin

Ttﬂd:rhﬂnﬂmlm’dcdﬂhﬂdd;wﬂ!lm.mtﬂmmt)

ber  Akustikusneurinomen  eine  bemerkens-
werte Habjtuation und elne ziemlich lang-
dauernde Deshabituation (cigene Beobach-
tung) nachweisen kann méchten wir folgen-
dermaBen erkliren Die durch pnnlcl.lc Sch5~

LOMCOEMCNTITIR WTE D
Abb 3. Mara C. 44a. Aamticumeuribom reckts,
Kalorische

eine Hyperreflexie und ein Richtungsfiberwie-
gen zur gesnnden Sefte hervor Weitere Un-
tersuchungen im Verlauf von Tegen oder

M

dingung der nervalen Ek ent

zeigen eine Abnahme des Richtung-

Impulse und dwe dadurch bedingte Verschle.
bung der Ruhcpotentiale wirkt fiir die Ha-
bituationszentren 5o schr belastend, daB eine
weitere Belastung nur mit efner echten Reak

Oberwiegen bei geringer Verminderumg der
Hyperreflexie. Subje tiv beschwerdelreke Pa-
tienten mit emsetip r vestibuldrer Aunchab
tung reigten cinen gicichmxﬂlgcn Rcchtx« L3

tionsabnahme beantwortet werden kann. Linksnystagmuns, und cin g}

Ebenso ist die langd: nde Deshabltuation  Kom lonsdrefeck Abb]undzm
durch cine zentrale Dysharmonie bedingt den Verlauf des hompcnmmmmrpﬂgﬂ‘ﬂ'
Collins hat durch zahlreiche Untersuchungen beir die dar 1l e

ugewlesen  dal die Nyw:gmumkllom—

und Drefecke dic ngnosc bestimmen. Decx

me ber wiederholten Stimulatt

Ergebnisse fanden wir sowohl ber operat

Lflsch st d h. daB befspielsweise ein lu
lordsch  habituferter  Vestibularapparat nor
male per und postrotatorische Werte aufwer
sen kann, Dhe Befunde von Collins entspre-
chen denen von Klijn & Ek (1957) sowe
Philipszoon (1959).

Habitwert wird ein bestimmtes Relzmuster
dabel baut das Zentralnervsystem cine Rople
auf die lange erhalten blefbt und sehr spe
nfisch ist. Das Cupulaendolymphsystern hat
daber nur cine Transferrolle und betelligt sich
selbst nicht an der Habituation.

Dic zentralen Vorglinge bel der Habitua-
ton scheinen der Kkompensation gleich ru
tein. In Intervallen von Stunden und Tagen
durchgefithrte  Vestibolarstimulationen  bei
unllateral susgeschalteten  Patlenten  rufen
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Hdicrten Patienten als auch bel Fillkn =it
Neuronitis Nervi Vestibulans, (Diesss Ph
nomen kann auch therapeutisch angeweodt
werden )

Sehr h¥ufig zeigen Patienten mit gestdried
Cupulacndolymphsystem  wio Morbus M¢
nitre das Phknomen des vesubuldren R
cruitment  Es manifestiert sch bel herat
gesetzter Vestibularpotenz in cuner Stefperush
der Errcgbarkeit, letztere kommt fn ehef
Resktiontzunahme bel wiederholt aufems®
der folgenden Relringen zum Ausdruck Ie
der graphischen Darstellang des Vestibole
gramms erkennt man ste an eloerm Elnschwer
ken der Kurve n dep Erregbarkeits-Nor
berelch. Die Urmche daflir durfte in &o
Labilitst des Vestibularapparates Legen ¥
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Békésy (1939) und spﬁ!cr Grefoer et al. (1969)
koanten bel ung

187

mit der Torsionsschaukel cine Reaktion nach
der cinen, nicht bmgegen nach der anderen
Seite beobachten Grewner spricht die Ver
mutung aus, daB ex sich dabei um eln vest-
bulres Recrujtment handelt Wir sund aller
dings der Anslcht, daB primir eine herab-
gesetrte Erregbarkelt vorliegen muB  denn
nur dann wilre efn Recruitment im Sinne ewnes
Ausgleiches der vestibuliren Erregbarkedt in
Richtong des Normbererches sinnvoll.

Bel 35 Ménire hranken konaten wir m
31 Filkn emn vestibulfires Recruftment be-
obachien Jedoch war dleses nicht ber allen
Stimuiationsarten pachweisbar  Tabelle I
2t dessen Hlufigkeit bei 31 Ménitre-hran-
ken, nach verschied ten
Greloer komte dreses Phinomen bel $% sei-
per Fllle nachweisen, bel uns liegt diese Zahl
wesentlich hoher Dlese Diskrepanz schemt
darin begrindet, daB wir fir die Bestim
mung des vest/buliren Recrujtment, nicht nur
die Pendelpriifung sondern such andere Stk
molatwnsroethoden wic Drehung und halo-
risation angewandt haben. Wic aus Tabelle
Il m entnehmen ist, muB das Recrultment
nicht bel allen Stimutationsformen -u!Lret:n
bzw st 3 gerade nach P 1

a

vuv U EE)
Abb 5 Gertrode K. 46a. Acusilcrmenrinom Gnle
B Po-

s sItmENER O

rine Hrbktoation. Zacumaltge Pendehmy. Bel bekden
Untersuchungen Bt eine crhdhte Reinchecle zu be
moken (lnks [ ] stirler abs rechis (o]1 Dae posl-
the Habltuatkm ergitt skch eus coer Erbdtiong der
Retractin cite ach der 7w citen Peodebung.

tion brw des vextibuldren Recruitments wen-
den wir dic monaurale halorisation mit kon-
stanter Temperatur an. Dabel wird ein La
byrinth oftmals in Zeitintervallen von 3 ME
noten stimuliert. Die Ergebnmsse werden in
Form der Vestibularpoterz errechmet und in
ein Kreusmschema eingetragen. Wenn nach
mechrmaligen kalorischen Stimulationen  bel
bestehender  Untererregbarkeit keine Habk
tuatfon oder cin vestibulires Recruitment

relativ selten.
Zuor Bestimmung der vestfbulfren Habituo-

O T

AM 4 Aoreia N 61a M Mialiro Enks. Rotato-
rixhe Stimolstion. Das Py Vestbologramar. D ve
beidersats

hulsce Recruitment orviegend Ik
lnnlc:i-nichud:d«n:t:-sumlm —1
nll:rl:t:-:;. « Usnleruschurg
1 TS

P

ist, wird eln weiterer Test mit
dem Dreh- oder Pendelstuhl nbtig. Der Rota
tionstest wird bel uns so durchgefihrt, daB
jungere Patienten mit 0,5 /sek? und &ltere
bis alte Patienten mit 0,9 /sek? bis anf die
Endgesciwmdigkeit von 100 /sek? accelerfert
und mach 10 Sckunden Drehdauer abgebremst
werden. Die per und postrotatorischen Werte
werden ebenfalls nach der Formel GA/T er
rechmet und aul das Arcazchema chngeten
gen. Dic Ergebnesse der kalorischen Stimn
lationen der linken Sexte, sowwe der per und
postrotatorischen Werte pach der Drehung
zar linken Seite werden tm hreuzschema
rechts, dwe Ergebnisse der Stimulationen der
rechten Sclte links cingezeichnet. Der Rechis-
bzrw Linksoystagrous werden auf der Ordinate
oberhalb bzw unterhalb der Abubse einge
tragen.

Acta Oselaryeg 76
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Abbd 6 Helarich G 408 M Ménre rechts, Pendel

it Freq Tbul. Vestbolk
res Recruftment. Bej sthrkerer und mhtkerer Reizin-
tensltdt Degt die Rechismystagrminkunie [m Normbe-
reich (o). Bel nlederer Retrmtendilt bt eine dentlich
herab Relochaelle ru etk

Dit Abb 3 und 4 zelgen eine postive Ha
bituation brw eln vest. Recruitment nach
mehrmaligen thermuschen und rotatorischen
Stimulationen.

Dic Bestimmung Jer ReaktionsEnderungen
nach Pendelung ist ebenfalls sehr zuverlisig.
Eine zweite Pendelpriifung und Auswertung
des Vestibulogrammes nach Frequenz (Grel-
ner ct al. 1969) oder nach der Vestlbular
potenz (Emami Nourd, 1972} erlaubt meistens
eme schr gute Beurteflung der Reaktions-

derung. Die Abb 5 und 6 zeigen das Fre-
- « Vestibulogramm bel Habituation und
! ment

Mchrmalige galvanische Stimulationen er
geben meist cine glerche Reaktion  weshalb
uns dlese Methode fiir die Bastimmung der
postsven Habituation oder des vest. Recrut
ment, nicht geeignet erscheint.

Dem I der Literatur angefihrten Begritf
der Habitoation werden verschiedene Bedeu
tungen zugeordnet. So versteht Jongkees dar
unter cine Abnahme der N st
Gremer Collard, Conraux ¢ine Zunahme der
selben und Mittermafer cine Abnahme der
Nystagrmmusreit und Amplitude. Es besteht so-
mit in der Literatur ¢ine gewine Diskrepenz
fiber den Begriff der vestibuliren Habitua
tion, weshalb wir thn unter der Bezeichnung
Pasitive Habituation*  definieren  wollen.

Acta Otoleryng 76

Wir verstehen darunter ,Abmahme der Vey
tibularpotenz noch mehrmallgen odAquoren
Relzen ohne Mitwirkung der /nterferenzfet
toren”

Das vestibulire Recrnitment kann als Er
scheinungsform emer labyrinthir-vestiboBren
Strung betrachtet werden. Daraus erpeben
sich brauchbare klinische honsequerzen fir
die Differennerung rentral-nervakr ood be
byrinthErer vest. St&rungen.

SUMMARY

Ia this presentation an atiempt b mado to clockixte
the effect of habliuatlon and recruitment on the v
tibulo-bulbar nystem. Repetithe rotation, (herak,

author’s cpinkon, habltuation b a central proces.
The term  pasith e habltustion™ Is recommsended. D
turbances in the cupulo-endolymphatic mysiem skich
are called vextibular recruttment ease vpon et
the stimulation mcressed excitability of the vestiwier
systems,
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Abb 6 Heinrich G 40 M Ménddre rechts. Pendel
fmalaton. Das Fi extibul Yentibull
rex Recruitment. Bei stirkerer und mittierer Relzin-
tensitlt Gegt die Rechimmystagmnlurie [m Normbe-
rexch (o). Bel nlederer Reirintersitit kt elne denilich
herabgesetrte Relzcton elle 2o erhennen.

Dle Abb 3 und 4 zelgen ¢ine pasithe Ha
bltuation bzw cin vest. Recruftment nach
mehrmaligen thermischen und rotatorischen
Stimulationen

D Bestimmung der Reaktionsinderungen
nach Pendelung st cbenfalls sehr zuverlssig.
Einc rwerte Pendelpritfung und Auswertung
des Vestibulogrammes nach Frequenz (Grei-
ner ct al. 1969) oder nach der |estibular
poienz (Emsmi Nourl, 1972) erlaubt mejstens
ene schr gute Beurteilung der Reaktions-
* ng. Dic Abb 5 und 6 zeigen das Fre-

Vestibulogramm  ber Habituation und
ccruitment.

Mehrmalige gabvanische Stmmulationen er
geben meist eine gleiche Reaktion weshalb
uns diese Methode fiir die Bestimmung der
positiven Habitustion oder des vest. Recruit
ment, nicht geeignet erscheint

Dem 1n der Literatur angefilhrten Begriff
der Habituation werden vernschiedene Bedeu
tungen mgeordnet. So versteht Jongkees dar
unter cmne Abnahme der Nystagmusfrequenz.

Wir verstehen darunter ,, Abnabme der Ver
tbularpoteny nach mehrmalipen odquetes
Reizen ohne Mitwirkung der Interferengat
toren ”

Das vestibulre Recruitment knnn ak Er
scheinungsform efner labyrinthir vestbuBrey
Stdrung betrachtet werden Daraus erpeben
sich brauchbare kilnische honsequenzen fir
dic Differenzierung zentrabnervaler und b
byrinthirer vest. Stérungen.

SUMMARY

In this preseotation an aitempt B made o cfachbr
the effect of habituation and recruitment om te vo
tibulo-bulbar

withor's opinlon  habifuation b & central proces.
The term  posithe habituation b recoammended. D

In the cupulo hatic sysiem whick
arc called vestibular recraltment csme ppow repet
the stimulation incressed exchability of the \estbolr
fstenm
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{ber den Begriff der vestibuliren Habitoa-
tion, weshalb wir Thn unter der Bezelchnung
JPositive  Hobituatlon*  definieren  wollen
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were 20-60 MQ and their tip potentials <4
mV For histologlcal dentfication ckectrodes
were fllled with a 6% salotion of Procion
Navy Blue HIRS 1n distilled water (Stretton
& hruvitz, 1968) These had resistances of
l(ll-mMDmnnmdLnnﬂnelnﬂﬂ'pPO-
tentials of 2-8 mV Dye was electrophareti-
lly mjeded by currentt of 5x 10*A for
3-15 sec and observed with s microscope.

Hdr cell electrical properties 191

The sensoty cpithellum was fized and lLeft
overnight in 6% glutaraldelryde buffered at
pH 4 with acetate butfer (hancko & Hahi-
moto, 1967). After rapid dehydratdon in al-
cohol the speciments were embedded fn Epon
and polymertzed overnight at 60 C. 4-5 gm
scctions were cut on a scnal mxcrotome with
glass knives, and examined in a Zeks photo
microscope equupped with differenusl inter
ference contrast (Nomnrski optics).

Electrodes were driven into the cells by
means of & micromanupulator provided with
a step-motor (Trnsvertex). The electrode
could be rapidly advanced in increments of
2 pm at intervals of 5 or 10 mec and the
motion could be triggered by pubes from a
digital clock.

Recording

The electrodes were connected to a hugh in-
pot impedance amplifier provided with capach
tance ncutralization (Mentor), and with a fa-
cflity for pasung depolarizing or hyperpolanz
ing currents throagh the electrode. The volt
#ge drop across the clectrode resistance could
be balanced out in a bndge ercuit. Impedance
was tesied by a contlnnous tamn of 5-8 x
107PA of depolanzing current pukes with
a duraton of 5 msec and an interval of 5
msec. Stronger current causes polarzation of
electrodes {illed with procion blue,

RESULT

e and membrane p
Fig 2 sbows three typical recordings from
penetrated cells. The recordings on the left
of the figure arc membranc potentials re
corded on u slow tmme base, to the right Is
the output of the single clectrode bridge re
corded oa a fast time base. The bridge is
balanced just outside the cell. When the ccll
s penctrated, two cvents are observed inp-
tially there 13 a sudden voltage drop which
is & measure of the ecll membrane potential
and secondly the bridge becomes mmbalanced.
The voltage pulses that develop are a mess-

Acta Otoleryry 76
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PASSIVE ELECTRICAL PROPERTIES OF HAIR CELLS AND
SUPPORTING CELLS IN THE LATERAL LINE CANAL ORGAN

A. Flock, J M. Jdrpensen! and I J Russell®

From the hime Gustal 1 Research Institnte el the Department of Otolarysgolosy
Karolinda Shulhknset Stockhoim, Swedes

(Recehed October 9 1972)

Absract Intracellular membrane potentiak apd re-
shtance mewsurements were made from cefl in the
latera] line organs of Lhe burbot (Lo form). The mem-
beanc potentlals varked from 1065 mV and the ro
sistancen from 8 110 MO A relationshlp exhss be
ineen the membrane potentlal end resivtance Under
resting conditlons there i no detectable difference
in the membrans potential and resistance between
hair cells and supporting cefls. Halr cels are dec
trically inexcitable and the resistance of the
halr cell membrane b 100-1000 (Mem and its c»-
pacitanco b <03 aFlem®

The function of hair cells in the inner ear
as & transducer of mechanical into electrical
energy i thought to rely on processes related
o those which give rise to electacal events
erve cells (Davis, 1965) As a basis for

¥ derstanding the process of transduction in
alr cells it 1s therelore desirable to know

their clectrical propertles, such as their rest
ing p ial, membrane r time con

ol the mner car (Flock, 1965) with the &
vanlage that they are scoessible to pemetrr
tion with microelectrodes.

METHOD

Preparation

Measurements were made on latera! Ene
canal organs on the isolated head of the
freshwater fish Lota lova (burbot) and the
organ chosen was always the same oac (Fit
1) The sense organ was exposed by opemi
the roof of the canal immediatdly abose i
In isolated head experiments the ofgan 1
ceives no blood supply therefore coatrd
measurements were made on the lving fish
{n wiuch the blood supply to the canal ot
was intact. They wers made spinal, decere
brate and immobilized by Flaxedd (3 ms/ks

bil. B

stant and y of
difficulties no report has hitherto appeared
on dircct measurement of electrical properties
of single cells 1n the Inner ear We have used
glass microclectrodes to obtamn intracelular
measurements of these parameters from single
cells in the laternl line canal organ which Is
related to the sense organs of the inner ear
Canal organs have hair cells similar to those

Present sddress: Zoologhal Institote Unhersity of
Asrhms, Asrie, Depmark.
Prosent sddrexs: School of Bulogy Unlversity of

Sumex, England.
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Oxye was provided by tap wates flor-
ing through a mouth plece over tbe g
and the head was held igid m a clap. Al
experiments were made at room LempIF
ture 20 C.

Electrodes

Electrodes were pulied by 2 horimatal tso-
stage puller from Cornlng Glam (Code 7HO
with an outer dlameter of 2 mm and aa <t
dlamcter of 16 mm. Before pullmg, one o
twoglanﬁbmmnim-zcdhtolhe;'ﬂ“
tubes which had previoushy been cleancd
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Fir 3 Relationahip between membrans potential and
redistance of 60 umidentifed lateral lne cell.

In an aftempt to Investigate whether hair
cells differed from supporting cells in thelr
resstance and membrane potential, cells were
marked by dye injection and kentifled by
bitologieal methods (Fig. 4).

Of 18 marked cells in 13 organs, 14 cells
were located in sections and identified as be
ing 7 bair ells and 7 sopporting cells. Their
resistance, plotted againgt membrane poten
tlsl o Flg 5 shows po obvious difference
in the resstance of the two cell types. If halr
ccls and supporting cells have different im-
pedance or membrane potentials or differ in
theit susceptibflity to damage, then this dif
ference s not large enough to be detected
with the present method.

In cell C of Fig. 4 a second barmer was
penctrated spontancomly 40 macc after the
electrode was advanced into the cell This sec
oud compartment had a potential about 10
mV more negative than the first bat did not
add any dgmificant resstance (Fig. 4 D). Dur
g clectrophoretic dye inpectron a very mk
note but distinct dot became visble at the
clectrode dp Subsequent histological section-
ing showed that the nucleur was intenscly
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rtalned (Flg. 4C). Locwensteln & Kanno
(1963) bavc found that the nuclens of salvary
gland cells is about 13 mV morc negative
than sur d ytopl and Lind

& Rikmenspoel (1971) find that bull sperma-
tozoa nuclel have a negative potental of
sbont —6 mV which they attritute to fixed
pegative charges of the matenal fo the head
rather than to sclective distrfbution of mo-
blle tons. We have often observed that {n a
cell which has been filled with procion dye
the dye tends to redistribute so that after
10-30 mimutes the nucleus becomes more in-
tensely stzined than the cytoplasm. This
means that the nuclear membrane {s perme
able to jons with a relstively high molecular
weight which agrees with the Iack of a re
dstance increase as the electrode entered the
nucleus of cell C of Fig. 4

Electricel excitabillty

Elecirically cxatable cells change thelr re
sistance as well as membrane potentual when
they arc depolarired by current. It is im-
portant to know whether the cells of the
sensory epithebum have such properties, not
only for the phenomenon per s but ako
because the current pabes injected mto the
cells in our experiments were In the depolar
ing direction and would cause an error If
these cells were electrically excltable.

We first insured that the cell jmpedance
remained the same for depolarizing and for
hyperpolarzng current pulses. The clectrodes
dud not polarize at the current valoes used.
A tccond way of testing for clectrical ex
citability was to bulance the bridge inside
the cell and then to sec if a supenmposed
steady depolanzing current of 6x 1071*A
camed bridge unbalance or voltage change.
This amount of current was sufficient to shift
the membrane potential mbout +15 mV The
resalt of such current injection s Mustrated
in Fig. 6 None of the cells tested changed
its resistance more than 0.5-1 MQ (3-6% of
thelr resistance) or its voltage more than
1 mV which is withm the Limits of error

Acta Otolaryng 76
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Time constant

The time constant (v) of single cells was de
termined in the following way With the elec
trode tip just outside a cell, care was taken
to obtain the best frequency response by cor
rect capacity neutralizaton. KQl electrodes
were used because dye electrodes have a poor
frequency response. This meant that the cells
were not Mentdied but we know from the
marking experiments that about 50% of penc
trated cells arc halr cells The bridge was
balanced outside the cell (Fig 7) The tran-
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this 23
been obtalned by interference contrast.

slents seen at the beginning and the esd of
# current pulse are due to that portlen of
electrode capacitance which is ot o=
pensated for by the recording system, i
amounted to lexs than 02 msec. When the
clectrode penctrated a cell the bridge s
balanced to the new zero pomnt. Shoukd e
cell membrane add mgnificant capaciisns
this would be scen as an increase in the B¢
taken to charge and discharge. Textflg 6
shows a cell which did pot contribate a2
significant capacity beyond that of the 1t
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Flg 5 Relatiomshlp between membrane tual 2nd
remtance of 7 Kentficd har cefs () and 7 Men-
tfied mipportiog celh ( ).

cording system the ¢ of this cell and others
fovestigated was therefore better than 02
msec. A hamr cell with a surface area of 1000
Hm* an fnput resustance of 50 M and 1 of
<02 mwc would have a specific membrane
capacitance of about < 0.3 pF/em?

DISCUSSION

When 1 des have been d
through the organ of Cortr in the mammakan
cochiea negative potentials of as much as
~8 mVY have been encountered by several
authorx Tt has been suggested that they repre
sent fntracelular potentials from cells within
the orpn of Corti (Békésy 1960, p. 652,
Tasak] et al, 1954 honhhi & Kelsey 1968).
Others maintain that negative extracellnlar
potentials exlst within the organ of Corti
mnce they can be recorded with electrodes
& hrge a3 15 gm (Tasaki & Spyroponlos.
195 Batler 1965) or when the electrode
Tmoves 43 much 83 100 g#m (Lawrence, 196T)
In deaf guinea pgs, cats, and dogs, having
cuentially no organ of Corti potentials of

Hair cell efectrical propertles 155

similar appearance have been described (Ta-
sl & Spyropoulos, 1959 Sugs & Hattler
1970). The orighn of thrs potentha] has not
been estabinhed by marking tech and it
has been suggested to be an injury potential
which I not present in the normal prepare-
tion (Dallos, 1968 Sohmer et al. 1971).

Har cells, and supporting cells, are small
cells and specist clectrode technques are re
quired to obtaln measurements from them.
Tontophoretic dye injection shows that the
negauve potentials reported here in the la-
teral line canal organ emanate Intracellularly
from receptar ceils and supporting cells with-
in the scnsory epithchum. Thelr membrane
potentials can be as large as —65 mV but
arc useally closer to —30 mV These arc Jow
values compared with peurons and muscle
and may well be caused by damage, how-
ever the cefls are still viable because they
produce a receptor potential when mechani-
cally stimulated (Harrls et al 1970° Fiock,
1971) and they respond with an inhibitory
postsynaptic potential when the elferent
nerve fibres which innervate them are simu-
1ated (Flock & Russell, 1972).

Recent findings indicate that rods and cones
of the vertebrate retina have a high conm
ductance 1 the dark whreh keeps the cell
depolarized  Uight reduces this conduciance
and hyperpolarizes the cell (Toyoda ot al
1969 Baylor & Fuortes, 1970) Since har cefls
in the Lateral line organ are capable of re
sponding with a hyperpolarization as well as
a depolarization when the sensory hairs are
bent & similar mechanfm bas to be con-
sidered. The apical cell membrane which sur
rounds the sensory hams comprises mughly
10% of the total cell surface and I exposed
to the camal lymph which contains 40 mM
polanfum. A high external potassivm en-
vironment is known to depalarre cells.

Our measurements of cell membrane re
sistance bave becm made with a mngle elec
trode bridge balancing system. When the clec
trode enters the cell its resistance changex
and this Is [ndicated by an unbelancing of

Acts Osolaryxg 76
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Fig & Effect of depolarizing (fef: record) and hnper
polarinng currents (righ!) oo membrane redstance
of & halr cell. In exch record the lower trace b

the bndge. This resistance change has two
major components, one due to the resistance
of the cell membrane, and the other due to
the high specific resistance of the cytoplasm
(Tomfta & Kantko 1965 Schanne 1969
Firth & De Fellee 1971 Engel et al, 1972).
With techniques we used jt is not possible
to measure the contribution of the second
component, However we belleve that the
largest fraction of the measured cell resist
ance Is due to membrane resistance, since we
have observed remstance changes of mbout
5 M@ during stimulation of lateral line ef
ferent nerve fibres (Flock & Russell 1972)
This possible source of error can be ex

A f a second clectrode 13 placed in the

« ccll and current/voltage measurcments

' made, but technical difficultics have 3o
sar prevented this from being accomplished
in lateral line hair cella,

On the basls of resstance measurements
in the cochlear partition, Johnstone et el
(1966) calcnlated that hair cells In the organ
of Corti have an impedance of about 48 MQ
Our measurements indicate that hair cells m
the canal organ have an 1mput impedance
somewhere between 10 and 100 MQ. The sur
face area of a hair cell is about 1000 pm*
which gives a specific membrane resistivity
of 100-1 000 Q/cm?* which 13 sorewhat lower
but of the same order ax that found In other
cxcitable cells (hatz, 1966 Barrett & Crill
1971), Munch lower ioput impedance would
be expected If electrical coupling existed
within the sensory epithelium (Raneko, 1971)
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the thmo scals, the middle trace b o moahor of (ke
bridge current pulses and the upper trace h the b
traceltular record,

as might be expected in the goldfish macuh
sacculi where supporting cells are connected
by gap junctions (Hama, 1969). No uch fune
tions have been seen in the canal organ of
the burbot (Flock, 1965)

Excitable celly are known to change thek
resistance 23 a comsequence of a change b
thewr membrane potential Thus does not bap-
pen In hair cells when their membrane po-
tential 11 ditplaced +15 mV by current. The
receptor potentlal that develops in bur e
during mechanical stimulation barely exceeds
+1 mV therefore electrical excitabiily
should no! be involved to any large exiest
in ts generation. This finding was oot ©
be presupposed because lateral lme canal of




gans are closely related to electroreeeplor of
gam which are extremely sensrtive to small
clectrical flekds (Lismann, [958 Bennett,

1971).
1h 4 that Leal

Halr cell electricad propertles 197

respoascs of dn;k:mlnlh:rvﬁmdth-
wrtie. J Physod 207 TT
Békiwy G 1960. Experiments in hewring (ed. E. G
Wever), p 652 McGrwn -HIIL hew York
Bennett, ML YV Lo 197L In Fish
. (ed. W S Hoar & D J Randall),

Itng upp

stimulabon of the hair cell excites electrical
current flow through the cell which acts on
the synaptic mechanism at the basc of the
falr cell For this mechanism to be effective
at high freqoencies of sound it 1 requured
that the ¢ of the cell b sufffcently short.
A 7 of D2 mec means that the cell will pot
start to aftenuate electrcal signals wntll the
kHz range b reached, whereas it s known
that mechanscal damping becomes important
above 100 Hz, and Is therefore a hmitmg

factor m the bateral linc canal organ.
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Fig 6 Effect of depolarizing (icft rerord) and hyper
polarizing cworents (ghs) on membrane resistance
of a hair cell. In each record the lomer tracs b

the bridge. This remstance change has two
major components, one due to the resistance
of the cell membrane, and the other due to
the high specific resistance of the cytoplasm
(Tomita & Kapeko, 1965 Schanne 1969
Firth & De Felice 1971 Engel et al 1972)
With techmques we used it is not possible
to measure the contribution of the second
component. However we believe that the
largest fraction of the messured cell resist
ance 13 due to membrane resistance smce we
have observed remstance changes of about
5 MQ during stimulatton of lateral hne ef
ferent nerve fibres (Flock & Russell, 1972)
This possible source of error can be ex
cluded if a second clectrode is placed in the

\mc cell and current; voltage measurements
re made but technical difficulues have 5o
far prevented this from being accomplished
in Iateral ne haur cells.

On the basis of rewstance measurements
i the cochlear partitton Johnstone et al
(1966) calculated that hair cells in the organ
of Corti have an 1mpedance of about 48 MQ
Qur measurements indicate that hair cells in
the canal organ have an input impedance
somevhere between 10 and 100 MQ  The sur
face area of a har cell is about 1000 gm?®
which gives a speafic membrane resistivity
of 100~1 000 {2/cm? which 15 somewhat fower
but of the same order as that found 10 other
excitable cells (Kawz, 1966 Barrett & Crill,
1971). Much lower input impedance woukd
be expected if clectrnical coupling custed
within the scnsory eprthelium (Raneko, 1971),
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the time scale, the middle trace k& a mondtor of
bridge current pukes and the upper trace b the
traceltutar record,

]
-

as might be cxpected in the goldfish macuh
sacenll where supporting cells are conpected
by gap junctions (Hamas, 1969). No such use
tions have been seen in the canal orpan of
the burbot (Flock, 1965)

Exatable cells are known to change thei
resistance as a consequence of a chasge ko
thelr membrane potential. This does not kap-
pen 1 hur cells when their membrane po-
tential 15 displaced +15 mV by current The
receptor potential that develops in har ol
during mechanical stimulation barely exceeds
+1 mV  therefore electrical excitabify
should not be involved to any larpe extest
in its generation. This finding was pxt ©
be presupposed because Iateral line camal o

e
axtracefiularly “The secand trace bs traceiinisr %
the added resistance of the cell huas born compemee
for
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THE ULTRASTRUCTURE OF THE AFFERENT SYNAPSE ON HAIR
CELLS IN THE FROG LABYRINTH

L. Glelsner A Flock and J Wensll

From the Department of Oilarynpolagy Kerolinile Shihuset and the hing Gusisf
Research Instieute Stockholm Sweden

(Receh od December 5 1972)

Abstrect. The loe structure of the nnaptie conlact
betucen sensory cefts and affcrent nenve terminaly of

The bar ecls in the inner car are neuro-
epithelial receptors spetualized to receive me-
chanjesl gmulatlon. Two types of morpho-

distinct nerve terminals are known

informatlon from the halr cell towards the
ceniral nervous system, and efferent nerve
endings are terminals of centrifugal nerve
fibers.

The semsory cpitbelum in the frogs ves

the cells (Wersdll et ol 1967) They corre-
ond to the type I1 hair cells in mammals
(Wersdll, 1956). The frog s semicircular canals

FaPported by Gram No. NB 0395606 Nation] In-

are innervated by nerve branches which can
be caslly reached through the otic capsule
where they arc acceswibie for studics on nerve
termunals and their synaptic relatons to batr
cells dunng degeneration and regeneration.
Sach studies are presented in & separaic paper
(Glessner & Wersdll, 1973)

At the sensory synapse between the hair
cell and the afferent merve ending, transmis-
slon occurs at speclalized synaptic mtes. The
importance of thus synspse as s link m the
cham of events that lead to cxcitaton of
wensory nerve impulses, is evident and war
rants a thorough study of its ultrastructure

MATERIAL AND METHOD

Adult frogs of the specics Rma temporaria
were used. After immobilization with d-tubo-
curarine, the anterior part of the labyrmth
was cxposed through the palate. Fixatlon
ftuld was applied in vho in the perilymphatic
space and was also introduced into the endo-
tymphatic space by an Incmslon in the saccnle
and fn ouc semicircular canal. The antenor
and the horzontal ampullee were then dms-
wected out, together with thewr innervating
nerve branches, sud placed fm the fixative,
The firatres used were osmium  tetroxide
buffered with Veronal acctate and botouic
with frog plaxma (Nilnos, 1964) 3% glutar
aldehyde in phosphate buffer (Sebatini et al

Acts Otolaryag 5™~



200 L. Gleiser et al.
1963), or 1.5% potassiumpermangenate (mod

the type “coated vesicles” Cytoplasmic to-

fied from Luft 1956). After gl ldehyd

fixation the tissue was contrasted with o+
mium tetroxkde or with 1% phosphotungstic
acd (PTA) in alcohol (Bloom & Aghafanfan,
1966) After dehydration in aleohol the speci-
mens were embedded in Epon and sectioned
on an LKB-ultrotome. The sections were msn-
afly stamed with urany! acctate and lesd cit
rate (Reynolds, 1963).

RESULT

The sensory nerve fibers loose thelr myelin
sheath before prercing the basal membrane.
Norn-myelinated penipheral termmals continoe
their course inside the sensory epithelium
where they branch into numerous ramifica-
frons which may continue a pamalkl course
for some dustance before innervating the bot
tom of hair cells. The nerve endings may be
true terminals of such ramifications, or syn-
aptic contacts may be made en passant by
pasung branches, The sensory synapse is con-
fined to the basal end of the hair cell, nenve
endings marely reach above the level of the
nucleus. A survey of the synaptic region fs
scnlnFig.l Each hair cell Is generally
ervated by more than one afferent nerve

+ ding, apart from its efferent mnervation.

In the contact zone, between the har cell
and the afferent nerve ending are specialized
synaptic regions characterized by the presence
wside the hair cell of 2 synaptic body sur
rounded by vesicles and by membrane spe
culizations of the pre and postsynaptic mem-
branes. This region B regarded as the she
where transmissfon occurs. A number of such
sites may exist at each nerve endmng (Fig. 2)
One and the same nerve ending may have
contacts with two hair cells, cach contact
having a synaptic site (Fig. 3).

Presynapric region
The hair cell cytoplasm in the synsptic en-
f hondrla, rib

'.nd scattered vemcles. Some vexcles are of
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bules imes secm to grve rise to vemde,
Glyeogen granules and filaments are also m-
ent.

The presypaptic arca is characterzed by
a sphetical structure with an average du-
meter of 0.3 um (Fig 4). The centre of the
synaptic body Is scparated from the presye-
eplic membranc by a distance of 016020
#m The surface facing the presynaptic mem
brane b generally somewhat fhattened. No
delimiing membrane Is present between the
synaptic body and the cytoplasm

The sppearance of the synaptxc body &
similar after fixation in osmium tetrande
and after glotaraldehyde fixation folowed by
contrasting with osmium tetroxide The ma-
trix sppears homogenows with o perodi
substructure.

Gl Idehyde fixation d by block
Impregnation with PTA stans the synapc
body in & charactenstic manner (Fig. 5). Only
the surface Isyer stalns to a depth of 2
proximatcly 250-500 A, wheress the centnd
portion remains unstained or oaly slightly
stained. From that surface of the synapic
body which faces the presynspuc membrant
slender projections extend and end 1n bufboot
“fcet” which closely apprommate the pre
syoaptic membrane. Ussally no more (han
three “fect are seen they have a somcwbat
ovold structure apd can albo be seen fn o
dinary osmium fixatton.

After statnmg of the secuons with wr)!
acetate and fead citrate the interior matrlz o
the glutaraldehyde-FTA fized symaptic bod
is also densely stamed, Sill, however the
contrast of the perpheral margin b enpnced
(Fig 6).

The synaptic body is also seen in b
fixed in potassium permangacatt after st
ing of the sections with uranyl sceiat wd
lead. Fig. 7 is & schematic drawing lnmﬂ:
to show the three-dimensional structure
the synaphc body

The synmaptic body is surrounded by a laF®
number of vesicks sbout 250-350 A fn &
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aflerent nerve flbre (AF) b wen to
tomervate tno hatr cafls (HC). On cach

meter They surround the synaptic body at
u distamce of 150-350 A from its wurface In
wme sections veskles seem 1o be connected
0 the synsptic body by slender sialks (Fig.
4). Vesicles also occur between the symaptic
body and the presynaptc membrane, in thrs
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hatr ol tao mymaptic contact reglons are scen (ar
rews)

case they wre situated between the presyn-
aptic feet. The vesiles have dimentions and
an appearance similar to the vesicles which
are scattered throughout the basal cytoptasm.
They are, however aceumulated in great
number n the wicinity of the synaptic body
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Flg 2 Two pynaptic bodles In chose vichnity to an Fig 3 Oue afferent nerve ending (ANe) may s
afferent nenve ending (ANe) synaptlc contct with two halr cells (HCL

The presynaptic vesicles often closcly ap- synaptlc space. Coated vesicles which appear
proximate the presynaptic membrane, how~ in this region are often seen closely adhernt
cver no membrane continuity has been ob-  to the presynaptic membrane. Sometimes they
served neither have vesicles been seen 1n the  onglpate from this membranc (Fig. 8).

Fig 4{a) Seslal sectioms throagh part of en of
{m:ympﬂ.Oanhmlmdd.-ﬂndm.
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The afferent synapse on frog labyrinth hair cells 203

Fig. 5. The synepse b stained n 1 charscteristic
manret af ter ghataraidetrydo fhxatlon follow ed by block:
mpregation ln alcobolic FTA.

Synaptic membrane specializations

The b e

of the plasma membrane of the hair cell. In
the repon adjacent to the synaptic body a
wavmess of the membrane 1 somctomes seen,
the presynaptic fect being lodged in the de
pressons (Fig. 6).

The pre- and postsynaptic membranes are
separated by a synaptc space of approxi-
mately 160-200 A which in cross section
extends for a distance of about 0.5-07 um. At
the periphery of the contact zone there 1
u tendency for the pre and postsynapiic mem
brancs to come closer together along this
border the presynaptic membrane density is
Increased. Jn the sypaptic space intrasynaptic
filaments can be Mentfied. In most scctioms
thoemmmummmnmchmthoprb
Symptic membrane and extend for approxi-
mately half the distance of the synaptic space

In the synaptic spuce 2 laminar condensa-
Uon s characterstically secn a3 & densc lime
taterpased between the pre- and postrymaptic
reembranes (Fig. 9) This intracleft substance
1 also mpecifically stained by glutaraldehyde
PTA which does not stain the plasma mem-
brane. The intracleft substance extends la-

In ordinary osmium tetromde fixation as
well as in glutaraldehyde PTA preparations,
the postyynaptic membrane bas an increased
density and the stalning metenal appears as
a layer of granular substance adhermg to
the inner surface of the membrane (Fig. 4).
It 1s dearly seen 1n PTA staining (Figs. 5 6
9). The exmct relations between the bands
of substance stained by PTA In pre post
and mtrasynaptic zones and the position of
pre and p P t
wre difficnlt to determine. These relations
arc tentatively indicated in Fig. 10, as sug-
gested by comparative observatrons from dif
ferent fixations.

terally for the mame distance as the pre apd —————

Postyynaptic membranes.
14— T

Fg.7 Schematic drasng of the symapto bady

Amoma;,qx\_
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Fig 8 A coated vesicle (errow) b seen to be open
to the tercellular spece. Otmium tetroxide fixatian.

DISCUSSION
The mechanisim of nerve mmpalse initiation
in sensory neurons jn the cighth nerve has
long been debated The veskles surrounding

Fig 9 Tha extension of the membrene ssaocaied mr
terial and the intracikefl substance b well seen shur
PTA-staining Glutaraldehyde fIxation.

tion of the prexynaptic termunal m relessed
into the synaptic space to act on the pos-
synaptic membrane. Here cach trammitter
package leads to the generation of a minm-

the synaptic body are similar m d 1

and structure to other synaptic vesicles such
es those 1in muscle motor end-plates and in
central synapses. In these cases each synaptic
veslcle is known to contam a quantal amount
of transmitter substance which upon excita

010, Glut PTA

00¢

ture postsy 1. Recently Ishd et
al (1971 a b) bav: recorded spontancoss asd
evoked potentals intracellularly from sensory
axons in the cighth nerve of the goldfsh
which they identify as being postsymaptic po-
tentmls, Stmilar potentuals have been recorded
by Flock et al (1973) in the non-myelinated
portion of the afferent terminal in the lateral
line canal organ. This indicates & neurochemr
cal synaptic transmission between bair eells
and nerve endings of a quantal pature simlr
to that in motor end-plates. It bas been AT
gested that the vesicles surrounding tbe 5%
aptic body represent synaptic vesides oo
taning a specific transmitter substance o
unknown ientity which on exattion o
the hair cell is released Into the symapek st
to cxcne the sensory nerve endmg. The pbar
logy of the afferent transmitter 8 1

Flir 10 Schematlc drawing Mustratang how dlfferent
structures are stained by osmbum tetrodde
Mxation

(efr) and by PTA follonmg
(dght). SB-gymaptc body
m=
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tally unknown the afferent syname B ot
blocked by antichollnergic drugs and it fals
to stain for acetylcholincesterase (Hiding &
Werskll, 1962 Turato et al 1971). The Faick
Hillarp fluorescence method for demoastrd
tion of catecholamines (1962) b alo o+
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tive at the base of hair cells (Spoendlin &
Lachtenstelger 1967). At the efferent synapse
the cate 11 now quite strong for ncurochemi-
cal transmission. Elferent endings contain ve-
deles with an appearance similac to those of
the afferent symapse, & postsynaptic potential
can be recorded imtraceltularly in bar cells
when cfferents are stimulated (Flock & Ruow
sell, 1972) aod pharmacological evidence
ponts towards acetylebolme as being the
transtutter (Fex, 1968 Russell, 1971)

In the central nervous system morphologh
al specinlization has been described at the
synapses between axon termunals and neurons
(Gray & QGuillery 1966 Akert & Sandr,
1970) Axotomatic wnd axodendritic tymapses
have different ultrastructural features and the
sypapse described m the present work corre
sponxh to the axodendntic type. However at
the bair cell afferent synapse a dense pre
ryneptic body s characteristically seen. The
synsptic body wat first described in the organ
of Coctf by Smuth & SiBstrand (1961) and
smilar structures bave sinee been described
m most Inner car sensory eplthelia mn eold
blooded animals as well a3 fn mammals (Wer
wll ct el 1965 Spoendlin, 1965). Analogous
spetializations are who seen in other semse
organy, such as the synaptic ribbon in the
cyc (Sjostrand, 1958), the symapdc plate in
the tlectric recepior (Barets & Szbo 1502
Mullinger 1964). The presence of this specific
presymaptic structure m sensory ool of dif
ferent semse oTganmt may indicate sumilanties
1 the mechanim of sensory synsptic trans-
mnsdon. The close relation between the syn-
aptic vesicles in the hair cell and the syn
apuc body indicates some functional rela
tonship Similar conctusions are indicated by
prelimmary experiments by Frishkop! (1972)
winch show that the diameter of the synaptic
body way increased by stimulation of the haiv
cell {n the basilar papilla of the frog. The
fanctional significance of the synaptic body
may be related to the charging of the symaptic
vesicles with transmitter substance, the mech-
anbm of trmnsmitter release, the synthesis

of the transmitter or Its function may be a
more passive actlon of gulding venicle trans-
port to the appropriate presynaptic membrane
area. These and other alternatives are, how
ever a matter of speculation.

The specifiaty of the tinding of the PTA
to the synaptic body and the pre and post-
synaptic membrane related structures has also
‘been observed in the organ of Cortl by Nakai
& Hilding (1968). This reaction may indicate
the presence of proteins nch in basic amino
aclds a3 has been discussed by Bloom & Agha
jantan (196%) and Bunt (1971) has shown by
enzymatic digestion that synaptic ribbons in
retimal photoreceptors are composed of pro-
telns.

The prestnce of ultrastructural spechiltira-
tions in the pre and postsynsptic layer are
likely to corrclate to molecular arrangements
which participate In transmimon. The blo-
molecular changes which occur In the syn-
aptic remon In relation to symaptic transmlis-
sdon take place at a macromolecular level
which b close to the power of resolation of
the electron microscope. Neverthelesy the de
wcribed ultrastroctural specializations of the
rynaptic reglon must be of functiomal tig-
mficance.

Inherent in the syoaptic process Is the in
activation of tranwmtter once the appropriate
Teactjons in the postsynapuc membrane are
brought about. This process may imvolve de-
itruchon at the postsynaptsc membrane. It
may also involve the pinocytotlc actlon of
coated vencles asoclated with the presyn-
aptic membrane as suggested by Wendll
(1968)

The ultrastructure of the sensory rymapse
in bair cells agrees with the notion that syn-
aptic transmhrsion 18 neurochemical that sen
0Ty tramsmutter is contained In syoaptic ve
sicles w the halr cell, that release occom m
speclalized synaptic sites and that multipke
sltes may contribute to nerve impulse initia
tion.
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ZUSAMMENFASSUNG

Die Felnstroktor des synaptischen Kontaktes 7w ichen
Smneszellen und  afferenten Nervenfortsdizen  der

Untenchiedsmerbmale. Telle dieser Strukturen ent
hahten vermutich Proteme, dic als spezifische Me-

bel der T voa der S
neszelle zum afferenten Nenenfortuatz cine Obertri~
gerrolle spielen. Der Mechanbsmins der synapthchen

Gray E. G & Gufllry R, W 1966, Synapoc
Jogy In the normal and m'\:,:
tem. Int Rev Cytod 19 111,

Ishll, S, Matsra, 8. & Purukasa, T 1971 ¢ Quatd
nature of transmistion at the synapsc bets cen e
cells and elghth nenve flbers. Japan J Physel 2}
v

— 19715, An lnput-output relation at the gmape
betncen hair celly and cighth nene fibers bn gl
fish. Japan J Physicl 21 91

Turato, S, Lochmo L, Pannese E. & Reake, E 171

Tramformathon wird erdrtert und ab hemh
Prozess gedeutet.
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DEGENERATIVE PATTERNS IN THE AGING HUMAN
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Absgract Qmactutatine smfyres of the vedtibular habr
cell popalstdons from indviduals of dufferent spes

there s every reason 10 belicve thnt there B an
Jatlop between wemory odl lom and redoced
“halar excrabildy
o
A great deal is still unknown concerning the
morphology of the human vestibular end or
gans. No quantitative studies of the halr cell
P of the vestit neuroepitheha
from indrduals of different ages have been
carried out 5o far
v Ficandt & Saxén (1937), Schuknecht (1955
and 1964), Jorgensen (1961 and 1964), Reske
Nielsen & Hansen (1964) found normal ves-
titular harr cell populations in aged 1ndvidoals.

Sopported by NIH Coeticuation Trapmg Grant NB-
Q538409 1970-71 by the Natwooe! Acronzuixs end
Space NASA Grant NGR 5_-28-003
and by the Swednh Medical Research Coanail. Project
No. B72 1.X 3156078,
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hrmpotsé Nemanké (1964 and 1969) stodied
the fundus of the internal auditory meste
and found with increasmg age a progresnt
piling up of the bony substance arvend th
foramma through which the nerve bunde
pass. She concluded that this apposition d
bony substance compressed the nerve fikm,
causing presbycasss in the cochlea and, »kat
she called, presbystasis, in the vestibalar by
rmth,

Schukmecht et al (1965) fomnd eochio-
szccular degeneration In an aged cat, an aped
dog and one 85-year-old man There was wik-
spread cochlear degeneration m all three aict
They found a loss of about half the mombes
of har cells in macula saccull, whik ¢
macule ntdcul and the crstac appeared 2%
mal. They concluded that the phylogenctialy
vounger pars Inferior of the labyrmth ¥3
more susceptible to aging than (be Pk
genctically older pars supenor

Johnsson (I1971) exposed the inner ar B
aid of microdissection and studied the mrt
vation of the maculae. He found a degenet
tion of the innervation of macala ssccull i
old mdniduats. He found anly rmoderate pene

degeneration m macula utrrculi. The Bﬂ"’ﬁ
d ton was jed by lost
statoconia,

nerve TS

Bergstrdm (1973 o) counted the
of tho hfferent branches of the vestibe



Degenerative patterns In the aging humen vestlbular neuro-epithelia 209

gerve In man In aged individuals be found a
degeneration af the vestibular nerve with &
redoction In number of nerve fibers averaging
I+

MATERIAL AND METHOD
113 inmer ears from 96 ndmduals were stod-

1s usaally preferable to phase contrast micro-
scopy A Wild M5 sterco microscope and a
Wild M20 light and phasc contraut mxro-
scope were used Pholomkrographs were taken
with both microscopes. Surface measurements
were made with & Bamsch & Lomb micro-
projector and with a Wild dmwing tube,

16d. The temporal bones were ottained from
12 fetuses, § newborn mfants and children
6 young sduits (17 to 40 years old), and 63
middle-aged or old individuals (48 to 95 years
old) There was po history of inner ear dis-
ease {n any of the cases. Ears from {ndividpals
treated with ototoxic antibrotics and with cyto~
toxic drngs were excloded from the study of
the halr cell populations of normals”™

The mner esrs were in most cases fized
within ten bours after death 1.5% veronal
buffered osmxc acld, 4% veronal buffered
glutaraldchyde or 1n some cases, 10% forma-
lin were uted ay fixatives In the majority of
cases the fixation of the inner ear was per
formed by a metbod deseribed by Bredberg
(1963)

Those inner ears which were fixed with glut
araidehyde or formalin were later stamed with
osmic acd. All spectmens were ninsed with
distdled water after staining and were stored
in T0% alcobol. The vestibular sensory reprons
were cxposed by mucrodissection without pee
vious decalciffeation of the temporal bone.

The surface specimen technique  described
by Engrtrém et sl (1962 and 1966) was used
for the stody The technigne has been modified
for applicaton on the vestibular sensory re-
gions (Lindeman 1967 and 1969 & Watanuki
ctal 1969 R hall, 1972 4) The p T
hat been described In detail by Lindeman
(1969 5) and only its principal features will
be recapriviated bere The neuro-epithefam
13 peeted away from the onderlylng structures
and mounted in ghycerine on a glass siide. The
specimen bs covered by a cover glaws and can
be studied with light and phase contrast micro-
wopy Humen speamens stained with osmic
ecd wre often very dark, and hght mkroscopy

d on the Wild M 20 microscope.

Samples of the hair cell population of the
sensory epithellum were counted, using a mx
roscopic cyepiece with a marked field. The
density of the hair cells of the sensory eph
thelium could thus be cakulated and the
average number of har cells per 0.01 mm?
wes wed to cxpress this denuty From this
figure and the surface arca, the total amount
of hair cells of the sensory epitbelium coudd
be calculated.

The hair cells of the periphery of cach
crsta mmpullans end those of the central ronc
on the summit of the crita were counted
scparately The total hair cell population of
the crista was obtafned by adding the figures
from the periphery and from the central zone
{Lindeman, 19695 Rosenhall, 19728). The
peripbery and the strwola of the macnlae were
osunlly alto counted separately In many cases
the striols appeared very indistinct, and could
not clearly be distingmshed from the perk
pbery In those indistinct cases the total har
cell populations were eytimated without cak
culatmg the different zancs separately Quan-
ttative analyses were obtained from 58 cases.

RESULT

AMocula utricidi

There was a moderate but significant (P<
0.001) redochon of the hajr ccll popolation
of the moala wricudl of fndividuals over 70
years of age. Nincteen macnlae utticuli from
individuals 70 to 95 years of age had a mean
bair cell reduction of 21% when compared
with the maculac from a control grovp with
“normal” bar cell populations (Fig. 1 and
Table D). This control groop consisted of
fetoses, infants and young adalts, and has
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MACULA UTRICUL!

Flig 1 Relationship between total umber of hair cells
dmhuukull.m.nFlndh(uﬂrftulm:—
terlal There is a
u(lbcwulhalroel.lpowhﬁoulhhlﬁm_

been reported carlkr (Rosenthall 19724, b).
The hair cell populations of the aged maculac
veried considerably A few showed no reduc
tion at /ll others exhibited marked reductions
with more than 30% of the harr cells missing.
In order to evaluate regional differences in
the degencrative pattern it is advantageous to
consider the density of the hair cells in dif
ferent regions of the maculs, When comparing
air cell densities between individuals of dif
ent ages, the prenatal group was excluded.
is is because the fetal end organs are smaller
and thelr harr cells more densely packed than
those found in the pastnatal gronp
In the postnatal part of the control group,
there were mean values of 78 6 sensory cells/
0.0] mm? in the periphery of the macula and
631 cells/0.01 mm? in the striola In in-

dividuals 70 years or older the cotresponding
figures were 651 and 54.3 cells/0.0] mm?
respectrvely (Table IT) The degree of redoc
tion of the hair cell population was about the
same in the periphery as in the striot In
the prenatal group the difference in har cefl
density between the periphery and the striol
was about the same as in the postnatal group,
In some fetuses, especially those younger than
four months, the border of the macula ot
cull was usually somewhat industinct, and the
most margmal zone closc to the border had 1
low hair cell density This Iack of distincton
of the border and the low hair cell denshy
were observed to be particularly pronounced
in the most medial part of the macula (Fig. 2
In all other gronps of individuals stodled, the
macular borders usually appeared distinet. A
blunt ndentation was occasfonslly seen fn the
medml border of the macula utrrenli (Fig 3
In mfants and young adults the arca close ©
the indentation had about the same halr eell
density as the rest of the peniphery of i
macula. A concentration of type I cells was
found here but ne distinct morphological
polarization was seen In this area. In old b+
dividuals the halr cell denaity of this medid
area was often considerably decreased (F§
4A B) Orver the age of 70, there was &2
average of only 47 1 semsory celly/0.01 mo’
found fn this area in cight maculse, where th
particular area could be evaluated, This figzre
fs about 25% lower than the cell dezsly
(651) of the periphery of these macula. A
high degree of variation was present. In 50=%

Ine this localized o fon was very
pronoanced with almost 40% fewer balr cels

Table L The mean total mumber of hair cells of human restioulsr sensory eplthelia tn dffere

age groups

Macoh Macula Lasena! Superior Poterior
Age grovp wtricaly eactull cuta aita erisa
Presats) o 33100 100 7600 7600 1=
41 70 years 31 800 18 200 6100 6200 130
71-95 years 6100 4200 470 4700
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Fiz 3 Macala otrcnh from m sdatt The stroka (5)  the medil part of the macula pi, pars interme, pe
» w0 s darl srpe ke the oomler of the semory  pans edtema 3
epibtiman A blost indeplation (arow) W preseot in
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Fig 4 Macula otricull from a 76-year-cld male. (A)
Sorface from the medial zope of the
macnla.  1200. (B) Surface preparation from an

than adjacent areas of the macula. In other
macuhae this medil area had about the same

fm: of degeneration as the rest of the
- cula.

Macula saccull
The macula saccudi showed a moderate, sigmfi-
cant reduction fn number of haur cells (P<
0001} 1n individuals 70 years of age or older
(Fig. 5 and Tabic I) The degree of degenern-
tion was about the samc as in the macula
utncul.  Eighteen maculac sacculr from in
dividuals 70-92 years old cxhibited an average
total har cell reduction of 24% compared
with the control group having normal ves-
tibalar sensory regions. The degree of the re
duction was very vanable ranging from no
sigmificant reduction at all to propounced de
generation, Usually bowever the degencration

was only moderate (Fig. 6)

In many cases ft was difficult to cvalaate
separately the periphery and the striola 1n

Acta Otolenyng 76

adpcent regron in the pars interma, outside the stncly
1700. There it a cocspreons rednchon of the ko
cell population [n the medis] rone.

macula sacenl. In those cases in which ths
cvaluation was possible, the degencration wat
uniform all over the macula the degret of
the hair cell reductson was about the same i
the periphery as in the striola (Table IT}

Cristee ampullares

The cristoe ampullares showed & more Fo
nounced age related reduction of hair &
populations than the macuise (Fig 74, B
Such reductions were already distinguishable
1n many temporal bones of middk-aged =
dividuals, 50-60 years of age The mvengs
reduction in number of the hair cells of Al
three cristac m individuals 70 )ﬂnoroﬂﬂ
was abont 40% compared to the control grom
(Fig. 8 and Table I) This sgmificant degenéns-
tion (P<0001) was about the same m af
three cristae. In individuals 70 years of okt
the lateral crhsta contained an average o
4700 halr cells (rangmg from 3100 to 5500
the superfor cmsta 4700 hakr cells (roghE
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MACULA SACGR]

MUMBER OF HAR CI1LY

Fiy 5 Rehtiombip betmeen total nomber of halke
cells of mecula sccull and age. The reducton of the
It eell popalation b aboot the seme a3 that foaxd
i1 macula utricall

from 2900 to 6500) and the posterior crista
4300 hair celly (enging from 3000 to 5 600).

Some of the cristac from old jndividuals had
almost normal hair cell populations, but in
the oldest {ndividuals, pronounced degenera
tive changes were found mn almost all caser.
In some of these specimens up to 60% of
tbe bair cellh were missing. Cristae from the
same inner ear showed aboxt the same degree
of degeneration. However in some cam, a
consfderable vamation was present.

The toss of halr cells was diffusely spread
over the sensory epithelium, though regional
diferences were present. The loss was more
prominent in the central area on the summit
than in the permpheral region of the crista

In the postnatal part of the control group
there were averages of 66.5 sensory cells
0.0 mm? in the central zone, and 81 0 cclis/

001 mm? in the peripheral zone. In the gromp
70 yearx or older the figures were 350 cells/
0.01 mm? for tbe central zone and 55 1 cells/
001 mm? for the peripheral zome (Table II).
In the control group the difference in denuty
between the central and the peripheral zone
was 18% (Rosenhall, 19725) while the cor
responding figure was 36% In the gromp of
old mdividuals, a difference which is statis-
tically significant.

Degenerative patterns of type I and

type 1l hair cells

The present technique Is not very saitable for
dbcrimination between type I and type IO
vestibular balr cells in surfece preparations
from humant However a rough cstimation
was pouible in a few cristae.

In four cristac from different individuals
over 80 years of age, attempts were made to
estimate the proportions of the two cell types.
In oll of these cristae 50-60% of the halr
cells In the penphery and 70% or a Lttke
more In the central zone were of type L It
must be emphasized that these figures are
questronable, and other techniques, eg clec
tron microscopy are needed to oltam reliable
Information in this field.

Comparison of the sensory reglons from

the same ventibular apparatus

The degree of degencration useally followed
a clear pattern. In most of the cases m the
age group 70 years or older the crntac ex
hiblted a more pronounced degemeration than
the maculae. In mner cars with none, or only
minnte degeneration of the maculae, the de

Table 1L The mecm mumber of hatr cells per 0.01 mr® in different regions of the human restibular

sensory epithelia
Macoie wtricn Macola saccull Cristes ampufiares
Ape group
(yean) Perpbery  Striole. Periphery  Stnota Periphery  Central area
‘0—40 6 al 760 (>3] 8.0 3
_’l n ne 614 k3 65 07 nx
195 (1 543 s 526 ELH 0
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generation of the cristac was more pronounced
but yet only moderate. In imper ears with
merked macular degencration the cristac ex
hibited still more scvere degencration

Exceptions from the usual pattern of
degeneration

Some exceptions from the normal degenerative
pattern were noticed. In two cases (HV 47 and
HV 82) the macula sacculi and fn another
case (HV 68) the macula utricull exhibited the
same degree of degeneration as the cristac,

Acta Otolsryng 76

Arother case deviated particularly frot
what was usually found. This 79-year-okd mak
(HV 40) was known to have bilateral sensort
nc\unlhcarlnglunancycarpr}ortodwh-
The patient died from cardiac faffure. Examb
nation of the Ieft car showed that the macs®
saccull was much smalier than normal, 148
mm? compared to 2.44 mm? nosmally Xt
The shape was abnormal with & shallow I
dentation of the inferior border Tho supero
bulge Inervated by Voit s perve, was red
in tizs (Flg 9) and the borders to the T
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Fig 7 (A) The periphery of o lateral crista of an
$¥-yearcid woman. Thers b o
of the ucmber of bair celly

pronoanced reduction
1900. (B) Cocrespondms
rounding perimacular zone were indistinct In
thrs area. The total hair cell population of the
macnia was approximately balf the valoe por
mally found in this age group. The mecula
utricall was glightly smaller than normal, and
Its hair ccll population rednced. The crbtae
thowed onty very slight reduction of the bair
cell populations.

Correlation of elinical and histologle findings
In some cases Loxical ireath

the cases, a S5-year-old male (HV 48) with
no history of inner ear disease, bad an oto-
neurclogreal examination 21/, years before
death. Vestibular tests, with electronystagmo-
graphy (ENG) and also pure tone audlogram
were normal. The patient deed of renal faflure,
Both maculae and two of the cristac from the
left ear were examined. The size and form of
the ncuroepithelis were normal All air cell
populatioms were normal and no significant

had been performed prior to death. One of

were discernible.
Another case, a 70-year-old male (HV 57)

Acta Owolaryng 78
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CRISTAE AMPULLARES

HUMBER OF HAR CTLY

Fir & Relatozship betwesn totsl number of halr
eells of the cristac ampullares and xge. Thers b a
marked redoction of the hilr cell populations with age.
The redoction, exceeding what i seen In the maculse,
fs sbout the same for all thre cristac. Soperior
cfiva = crista anterlor

alto had no past history of fnner ear disease
In 1968 he was given 12.0 g of streptomycin
sulfate for pulmonary tuberculosis. An oto-
neurological examination was performed after
the trestment Pure tone audiograms at two
different times showed bilateral high frequency
scnsonneural hearing loss. ENG showed no

ntaneous or gazc nystagmus. A weak posi-

}:al nystagmus was present. Caloric re

onses were normal. The ENG was repeated
two weeks later and this time showed no

positional nystagr The ealorc

were again normal. The patient died of intr-
cranlal hemorthage two years later Post
mortem examination of the Ieft vestibular ap-
paratus showed neuroepithelia of normal size
and form. There was & shight reductson of the
hair cell contents of both maculae. This crhstae
showed reductions of about 25% of the har
cell populations, which 11 within the commen
range.

Some additional cases where ENG had been
performed have been reported separately Ar
anomaly of the posterror crista has been d¢
scribed (Roscnhall, 19734) In thh case, a
68-year-old woman halr cell reductions of
20-25% were found in tho vestibular sensory
reglons of the keft car ENG was performed
prior to death and showed that tho keft car
responded In m normal fashion to abrk
irngation. However no comparison could be
made with the right ear which had falled to
respond efther to anditory or to calorkc stme-
Iations following a presumed cerchrovascubr
acedent. In another paper (Rosenhall, 19735),
the vestibular morphology of three caser with
caloric hypo-reactivity is deseribed. One of
these cases showed a leftsided calodk hypo-
reactivity five years prior to death Examms-
tion of the left ear showed pronounced de
generative changes within the superior part
of the labyrinth.
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DISCUSSION
In this favestigation vestibalar neuro-cpathelin
from mdrviduals of different ages were com-
pered. Inner eart from fetuses, newborn in-
fants and young adults were conwmdered 1o
have normal senyory epathelia, Bredberg (1968)
has used a similar approach in companng fo-
dividuals of differcnt ages In hus study of the
hurman cochlea. He found cochlear hair cell
degeneration m young individuals In the
present material no reductions of the nember
of hair cells in the vestibular regions were dis-
cerned before the age of 40, However only
very few temporal bones from children and
young adults were available for study The
number of temporal bones from indvidoaks
between 1 and 40 yean of age Is not large
enough to permit the conclosion that no har
cell reductions occur in this age group mnd
it 1s Dot possible to tell exactly at what age
the reductions of the hair cell populations
start.

Degenemative changes of the vestibular end
organs have been found fm specrmens from
subjects over the age of 40 The decrease of
the number of hair cells s mitially inugnifi-
cant, but over the age of 70 the cristae exhibit
marked reduction of hair cell population.
Caloric hypo-reactivity in old subjects hay been
observed (Allard, 1938 Amnlan, 1957 Ross
berg, 1964 Minnlgerode ct sl 1967). An
1ncremse of the vestibular responutivity up to
the age of 40 (van der Luan, 1972) of up to
the age of 60 (Braner & Norrls, 1571) has been
reported. In old age the authors mentloned
above described  vestibular  hypo-reactivity
which may be due to the marked degeneration
of the eristae described bere.

Bredberg (1963) thowed that in the co.hlea
severe degeneration of sensory cells and nerve
foers was frequently present in aged indie
vidmils. This degeneration was espectally lo-
cahred 1o the basal and apical tums of the
cochlea and was particulary marked in the
outer haur cell region. The effects of acoustic
tranma bave been as an ex

severe localized degenerations are not typical
for the vestibular scrsory reglons, which ex
hiblt diffuse degeneration. Morphologically
the vestibular end organs and the cochlea
cxhibit important beskc dufferences, and they
apparently react in a different way to acoustic
insults. The vestibular apparatus Is phylo-
genctically older than the cochlea and thus
probably less vulnerable to damage. The {nner
hair cell of the co-hlea, which is thought to
be more remstant to noxious sgents than the
outer hafr cell, shows obvious morphological
stmilanties to the vestibular sensory cefl (Eng
strém, 1958 and 1967 Iurato 1962). Another
possible explanatron for the drversc patterns
of degeneration within the labyrinth Is the
difference In vascular supply between the
cochlea and the vestibular end organs

The degenerative pa.dern seen in the ves-
tibular end organs is a moderate degencration
of the maculae, and & more pronounced de
generatlon of the eristac. This corresponds very
well with the observations of Bergutedm (1972
and 19734) who has found an age related
perve degeneration of totally about the same
magnitode,

The degencration of the sensory epithelia is
particularly marked In the central arer of the
crista, while the macular striola shows about
the same degree of degeneration as the rest
of the macula In old subjects Bergstrim
(1973 b) found a pronounced rarefaction of
the thick, myclinated nerve flbers which supply
the summat of the crsta.

The present study contradicts the concept
that the vestibular sensory structures are not
morphologically affected by aging (v Fieand:
& Saxén, 1937 Schoknecht, 1955 and 1964
Jorgemsen, 1961 and 1964 Reske Nxben &
Hansten, 1964 Naufal & Schuknecht, 1972)
Some of the discrepancy between earlier re
ports and the present onc s probebly due to
the fact that different techuiques have been
awed. Quantitative estimations of sensory cell
populations are difficult to obtaln with sec

for thh ¢ fre pattern. Comparab

tloning hnlg Age docs pot wem to
affect the general shape or the thickness of

Acta Osolaryny 76
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HUNEER OF HAR CELLS

r
LTine o AGE N YEARS
rion e
FOSTImOR e

Fig & Relatlonship betwern total pomber of hair
tells of the crlse ampelleres and egpe. There b 2
marked reductlon of the hoir cell popalations with age.
The redoction, excreding what s seen in the maculee,
is abont the same for all throe cristse. Saperior
crita = crista antertar

also had no pest history of mner ear discase.
In 1968 he was given 12.0 g of streptomycin
sulfate for pulmonary tuberculosis. An oto-
neurological examination was performed after
the treatment. Pure tone audicgrams at {wo
different times showed bilateral high frequency
sensonncural hearmg Josx. ENG showed no
ntapsous or gazo nystagmus. A weak posl-

1 nystagmus way present, Caloric re
onses were normal. The ENG was repeated
two wecks later and this time showed no

poutional nystagmus, The calorle responsey
were again normal. The patient died of lnfra-
cranial hemorrhage two years later Pog.
mortem ination of the left vestibular ap-
peratus showed neuroepithelta of pormal sze
and form There was a slight reductlon of the
hair cell contents of both maculae. This critac
showed reductions of about 25% of the kakr
cell populations, which is within the common
range.

Some add]tional cases where ENG bad been
performed have been reported separately An
anomaly of the posterfor crista has been de
scribed (Rosenhall, 19734) In this case, 1
68-year-old woman halr cell reductons of
20-25% were found In the ventibular semory
regions of the left ear ENG was performed
prior to death and showed that the kit ar
responded m 2 norma! fashion to calork
irrigation. However no comparison could be
made with the right ear which had falkd o
respond efther to auditory or to calonc shon-
lations following a presumed cerebrovascubar
accident. In another paper (Rosenhall, 19735
the vestibular morphology of three cascs with
caloric hypo-reactivity b described. Ovt of
these cases showed a left sided caloric hypo-
reactivity five years prior to death. Examin
tion of the left car showed pronounced de-
generative changes within the superior part
of the labyrinth.
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DISCUSSION

Tt this investigation vestibular peoro-cpithelia
from indrviduals of dufferent mges were com-
pared. Inper ears from fetuses, newborn m
fants and young adults were consldered to
have normal sensory epithella. Bredberg (1968)
by used & smillar approach In comparing in-
dinduals of different ages 10 hus study of the
human cochlea. He found cochiear hair cell
& in young In the
present materal no redections of the number
of barr cells in the vestibular reglons were dis-
cemed before the age of 40 However only
very few temporal bones from children and
young adolts were available for study The
number of temporal bones from individuals
between 1 and 40 years of age 1 not large
enough to permnt the concluslon that no bair
cell reductions occur in thss age group, and
it s not ponadble to tell exactly at what age
the redoctions of the bair cell pogulations
start.

Degenenative changes of the vestibular end
organs have been found In specimens from
subects over the nge of 40 The decrease of
the number of hmir cefls Is initially insgmft
at, but over the age of 70 the erhstae exhibit
marked reduchion of hair cell population.
Calotic brypo-reactrvity in ol subjects has been
oberved (Allard, 1938 Arsizn, 1957 Ros
berp, 1964 Mindgerode 1 &l 19671 An

of the vestibular responutinty up to
the age of 40 (van der Laan, 1972) or up to
the age of 60 (Bruner & Norris, 1971) has been
reported. In old age the authors mentioned
thore described vestibuler  hypo-renctivity
*lkh may be due 1o the marked degencration
of the cristas described here.

Bredbery (1963) showed that in the co~hlea
scvere degencration of sensory cells and nerve
ety was frequently peesent in aged indl
siduals, This degencration was especully ko
ctlized to the besal and apscal turs of the
cochlea wnd was particularly marked in the
outer hair cell reglon. The effects of acoustle
treun fave been d as gn

severe localized degenerations are not typreal
for the vestibular seosory reglons, which ex
hibit diffuse degeneration. Morphologically
the vestibular end organs and the cochlea
exhibit fmportant besic differences, and they
apparently react In 2 different way to acoustlc
insolts. The vestibular apparatos & phylo-
genctially older than the cochlea and thus
probably lexs vulnerable to damage. The lnner
hair cell of the cochlea, which I thonght to
be more resstant to noxdous agents than the
outer halr cell, shows obvious morpbologleal
similarities to the vestibular sensory cell (Eng-
strdm, 1958 and 1967 Iurato 1962 Another
possible explanation for the diverse patterns
of degeneration within the labyrintk ks the
difference m vascular supply between the
cochlca and the vestibular end organs,

The degeneratre pad.dern seen In the vey-
tibular end organs fs a moderate degencration
of the maculae, and a more pronomnced de
generation of the cristac. This corresponds very
well with the observations of BergstrBm (1972
and 1973a) who has found an age-related
nerve degencration of tctally about the ame
magnitude,

The degencration of the sensory eprthelia by
particularly marked m the central area of the
crista, while the macular striola shows abogt
the samo degree of degencration as the g
of the macuba In old subjects Berpsiriy
(1973b) found a pronounced rarefaction o
the thick, myelinated nerve fibers which Suppty
the stmmit of the crista,

The present study contradicts the coneept,
that the vestibular senswory stroctures are py
morphologically alfccted by aging (v Fiegay
& Saxén 1937 Schuknecht, 1955 apg 1964
Jorgensen 1961 and 1964 Reske Nieke
Hansen, 1964 Naufal & Schuknecht, 157
Some of the dhcrepancy between earlier
Wﬂllﬁlmmntmkmmyd'"
the fact that different tochniques huye §©
used. Quantitative estimations of
populations are difficult to obtamm iy &

for thh d ¢ pattern. G bl

tonmg quex, Age mmm:
affect the eral sha
e Pt or the
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the sensory cpithelia, and they may appear
normal 1n sectioned materfal

Schuknecht et al. (1965) khrmpotid Nemané
(1971), and Johmsson (1971) have reported
cochieo-saccular degeneration in cases wth
presbycusis. The present study has not shown
any such cases. It must be emphatired, how
ever that the cases in this study were random
1y chosen, and no effort was made to select
cases with marked presbycusis.

A few cases in this study show a higher de
gree of macular degeneration than is usually
seen and one case exhibited & saccular ab-
normality The macula saccub of the latter
case was reduced in size, but the neuroepithel-
fum appeared normat for the age This finding
probably represents an anatomical variation

In the medial region of the macula utricull,
a blunt indentation (Fig. 3) 1t occasionally
seen, This pert of the macula exhibitt someo
qualities that differ from the rest of the
macola. The region is developed late m fetal
1Mc and It Is more susceptible to degencrative
changes than the rest of the macula It also
contain1 more type Il cells than the rest of
the rmacula and the haur bundles of this medial

Jemon show no distinet morphological polariza

don. In the guinea pig the indentations of both

are prominent, and the harr cell

density i Jower in the indentated parts (Linde

man, 1969 & Watanuki & Meyer zum Gottes-
berge 1971 ¢).

According to this atudy the patterns of de
gencration related to aging rescmble the de
generative patterns found after adminintration
of ototoxic antiiotics. Pronounced degeners-
tion I found m the cristae cspecially in 2
central area on the summit after administra-
tion of ototoxic antiblotics such as strepto-
mycin and kanamycin (Bers, 1951 Hawkins
& Tarle, 1952 Tgarastu et al 1966 Linde-
man, 1969 o Watenuki & Meyer zrum Gottes
‘berge, 19715) The maculae alio exhitat de
generation but to & lesser degres than the
cristae. The mme pattern 1 found in aged
individuste It is possible that the vestibular
gnmrycplthtmmdluﬂﬁmﬂn“yu)
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various types of noxioms agents. However the
degencrative petterns related to agmg and to
ototoxic drugs are not identical. In aged inger
ears both maculae exhibit the same degree
of degeneration, and the degeneration ks a5
pronounced in the striola as in the peripbery
This is not the case after sdminktration of
ototoxic drugs, when the macula utricoh shows
mmore damage than the macula saccoll, amd
the macular strola shows more damage than
the periphery (Lindeman, 1965 a).
Streptorycin 18 especially harmtul fo the
type I halr cell (Wenll & Hawking, [962
Spocndlin, 1966) X~ay irradlation crmees mare
damage to the type 11 cell (Winther 1963}
The findings concerning the destructive effect
of aging on the different hawr cell types are
inconclusive However the present dody In-
dicates a mmilar vulnerability in rehiod to
age (compars Rosenhall, 19725} It should
alio be mentloned that there b comiderable
controversy concernmng the distribution of the
ccll types In the pormal crista. Some authors
have reporied & concentration of type 1 celis
on the summit of the cnsta (Werskl, 1936
Spoendlin 1965 Lim 1971 Rosesball, 19726),
while otbers have found an even drtribation
of the two cell types (Lindeman, 1969 b Waia
nukr & Meyer rom Gottesberae 1971 a).
Some of the cases presented here bad been
submutted to otoneuralogical testing proT 10
death, Reductlons of the vestibalas bair <=0
populations of up to 25% were found @ L
eart fram which appercatly pormal cak
responses had been recorded. One of the &
tiad recelved streptomyein sulfste. The
tibular sensory regons of the i 4
morphologleally normal cottsbr
age.

Redrrieruny

[



LY

La™ A

Degenerative patterns In the aging human vestibular neuro-epitheila 219

I Med Sei 77 208

— 1973 a Morphology of the vestibalar perve. 11
The namber of myeliuated vestibalar merve fibers
8 min at vanow aper. A Orolfarymp (Sioclh)

In prese
— 19735 Morphology of the vesubolar rerve. TIL
Am}ylhdlhﬁcllb«:o(m-mydln:&.dvu-
thalar nerve fibers bn man at varioos epey A M
Otclaryny (Siockh ). In prem
Bmdkr;.onmc:unu and rerve sopply
of the bamam

crran of Comn dcse Owtaat

25
Br\nnA.&Nmb,TW 1971 Agerelated chamges
in calotkc wystrgmiy  Acts Osolervay (Stockh),
Seppl. 282,
Engatrom, H. 1958, On the doshic fuservation of the
scmory epithelin of the mner car Acts Otolaryng
Stockh) 49 109

— I1%7 The whtrartrectore of the semory cells of
tho cochlen. J Larvas Ovof 81 637
H Ada H W & Andamon, A 1966
Fﬂmo{:kmo{C«rLMmqvin
& Wikaell, Seock

toudity of streplocaycin. Axx Olol 61 789
Tewmbd M Mcleod, M E & Graybiel, A 1966

13-TIM3

Cliniulpatboh!tnlcmd-dmnlnnqdﬂrlmm—
keys sfter suppresion of scmicircular canal fooc
tion by sitreptocrycin wolfate. Acte Owbaryar
(Stockh), Sappl. 214

Turwto, 8. 196 The semsory celb of the membranaom
lsbyrinth. Arck Orolenymy (Chi) 75 31..

Johnwon, 1.-G 1971 Degenerathe changrs aod
apocmlles of the vestibuler system in man. Le-
ryngescope 81 1682

Joegersen, M B. 1961 Changes of sging In the
tra exr Hiologkal stndies. Arck Orolerag
(Chic) 74 164

— 1964 Changes of agiug in the moer ear aod the
Inner car jo dlabetes mellitns. Histological studies.
Acta Otolsryng (Stockh), Soppl. 185 125

lumpdENm-niLl lMPrtibywmds,Abmhm

nﬂt(orudn'ﬂaﬂ chm.humkdhur
sache dleser Encheinnng. B I S Corsnd Acad
9 109

1969 Prabycmh, mebysiohs and preshyounta
P of the pro-
cem, Acta Osolaryag (Soockh) 67 17

1971 A mew concept of the

pathogenesh of
presbycusis. Arck Ovolery ey (Chic) 93 161
Lsan van der F L 1972 Age owl resibuic

liWLMLLVmH 1967
Vu-lnlundq'hbyrhn\funkummudaVu
Proct

Orockisotaryng (Basel) 29 15
Naafal, P lLLSdm.Ln:du,ILF 1972 Vestibubar
factrl and ocmlomotor penropathy i1 dmbetes
mellim. Arch Ovolaryag (Chic ) 95 468.
Reske-Nictwn, E & Hammn, C. C. 1964 Patho-

Rosbell, U 1972« Vedibolar macuhr mapplag bn
mam Asa Osol 81 339

the crivise ampullares io man.

— 15734 An ssomaly of the posterior erista in man.
Arch OfdvvntChk.anm
— 19735 Mamecript In pregaration.
Rodrr;o 1964 Die Alermbbhngighelt der vestl-
boliren Letworgsfibigtck Fin Beftrag mr Regula-
tonsfealtlon des Vestalarerystems. Arck Kfta
Exp Okr Nes Keklkopfhettk 181 475

Acte Orolary
2
L



220 U Rosenhall

Schulnecht, H, F 1955 Presbyushs. Laryngpascope
63 402,

— 1964 Further observatiom oa the pathalogy of
Arch Otolaryng (Chic) 80 363

Schuknecht, H. F., Igershi, M. & Gacek, R. R 1965

‘The pathological types of cochl lar de

gencration, Acta Oroleryng (Stockh ) 39 154

Spoendlin, H. H 1965 Ultrastroctural stodies of the
labyrinth In squirrel mookeys. Inc The role of the
vepibular orgems in the explorstion of space
NASA SP77 p 7 Nadoml Acronsufics and
Spece Adminhivation, Washiogton, D C.

~ 1966. Zur Ototoxwcitht des Streptormydot. Procr
Qtorhinolarynr (Bascl) 28 305

Watnmull, K, hawenota, ko & kategirl, 8. 1969
Some structural observations of the ssccule, Arck
Klin Exp Ohr Mhas Kehlkopfheill 193 312

Watannkl, K. & Meyer rum Gottaberge, A, 1971 &,
Light microsxcopic cbxtvatiom of the
epithedium of the crista ampullaris In the guinex
pig. Ans Orof 80 430.

ampullarh, Acsa Otolsrvag (Stockh) 72 5%

Acta Otoloyng 76

— 1971 ¢ llm‘p&nlcchlnbiu’ndomdﬂtm
of the macula sacerll wad wriceli m

the guines pg Arch Kin Exp Okr Aar Kebd
Ropfhelll 200 136

Werdll, J 1936 Sindies on the stracture and ieer
vation of the seovary ephbelhim of the cristr
ampullares in the gulcea pig. A Lght and dectron
microscopic fnvestigation. Acks Oralaryng (Stockh
Suppl. 126

Wersdll, J & Hawkims, J E Jr 1962, The vestdwbr
scmory epithcba to the cat labyrioth and tadke
reactiors o chrome streplomycln intoucation
Acta Otobrynr (Stockh) 34 1

Winther F @ 198% X-ruy fradlation of the e
ear of the guinea pig. Early degencratore changes
In the vestibular sensary epithelia. Acia Oxheryar

(Stockh.) 68 514

-

U Rosenhall M D
Dept of Gtolarynpaiogr
Unfversity Hospital
5750 14 Uppsala
Sweden



Acta Otolaryng 76. 221-228, 1973

KRARYOTYPIC VARIATION IN BENIGN PLEOMORPHIC ADENOMA
OF THE PAROTID AND IN NORMAL SALIVARY GLANDS

Suwu Scappaticel, F Lo Curto and E- Mim

From Exretom Unit for Human Rediation emd Cytogemei cs a1 the 1nsdiase of Gereral
Biology and the Orotwrympologicel Clmic Lmversiiy of Pavie Pavie Isaly

(Receh ed Angust 30, 1972)

afies bave been extensively studied in human
malgnant tumours while very Lttke informa-
bon s available on the chromosomes of be
nign tumours,

The purpose of this work was to study the

mours are usually benign (Foote & Frarell,
1954 Eneroth, 1964 Encroth & Hjertman,
1966 Evans & Crulckshank, 1970) and also
in our cases the histology and the clinkeal
betavioar indicated their benign nature. We
ound in ths material a considerable amount
of karyotypic variation. We had planned to
©Ue a3 controls apparently normal salivary
glands from patients with chronk denit

MATERIAL AND METHOD

The sex, age, and histological diagnosis of
each sobject are entered in Tables I to JIL
None of the subjects had recefved physical or
chemical treatment prior to surgery Imme
diately after surgleal removal, s thin shice
of salivary gland trssue was taken for histo-
pathology and the remauning tissue was grown
in T flxsks with Eagle MEM supplemented
with 20% calfscrum. After varable time a
monolayer of cells was established and chromo-
some preparation were made from cells erther
grown on coveralips or dspersed by trypsinl-
mation. The cells after Colcemid treatment
(005 pg/ml) for 3 hours were expmed to hy
potonic treatment (095% sodinm citrate for
20 min at room temperature), fixed 1 meth-
anol and glacral acetic acld 3 1 wur doed,
and stamed with scetic orceln. Fluorescence
analysls was made after stalning with quins-
crine mustard according to Caspersson ct al
as7n

RESULT
Pleomorphic adenoma

Histological examination revealed in all the
cases the typical appearance of benign pleo-

td with tumours of otber districts of the
tero-digestive tract but we found karyotypie
‘aration ako {n ttus material and therefore
(b unexpected result is reported in detall

morphic ad with p of the nyx
o component. The results of chromesome
amlysis of the 6 cases are shown In Table 1
Each of the six tumours had cells with both
normal and deviant karyotypes, in the pro-

Acta Osolery xg 78
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poctions entered in Table T Most deviations
were numencal, but one characteristic
marker chromosomne was repeatedly found
in cases 2 and 3 and two other markers fn
one cell each of cases 3 and 6 Deviations In

numbers involved more fre-
quently chromosomes of groups C, F and G
Case I Only 5 cxils were karyotyped but
all bad 45 chromosomes and m 4 of them
1t miuing chromovome was one of the F

Froup.
Cave 2 Esght of the 15 abnorrml cells had
46 ch but the i presence

of a loog acrocentric chromosome (M) with
2 length comparable to that of one of the
shorter chromosomes of the C group, asd the
abnence of a C group chromosome. A likely
of the M, chr 1 that
it odpnated by a perkentnic mvermon of
C chromosome. The same M, chromosome way
prescnt fn 2 cefls with 45 chromosomes and
in one cell with 48 chromosomes, and also
thete 3 cells had a nussing C chromosome
Ont blood culture from thrs patient revealed
oculy normal cells.

Cate 3 Three of the 21 devant cells bad
A eew chromosome apparently similar to M,
the other ones baving only numenical devia-
tions, most of them produced not only by
chromosome Joss but abo by the presence of
extry chromosomes.

Case 4 Five of the 8 abnormal cells had
47 chrowosomes and 4 of these were +G

Case 5 One cell out of 11 was sbnormal
Iaving 45 chromasomes through the loss of
0e C and one D and the presence of onc
c1tra E chromosome.

Cate 6 Thy was analyred with the flnores-
cenct technique Forty two cells were normal
2d one cell had an extra chromotome which
would have been labelled as —E like by the
conventional techniques. This chromosome
bad & banding partern different from eny
Pomual one and must have origloated by

flroctyral rarrangement(s) that remained un-
whentified,

1,
Inter

Chroric sialadenltls

Sabmaxillary glands of 3 patients with clini-
cal and histological dirgnosis of chronx siala-
denrtis were cuftured originafly as controls.
However in at least 2 of these cases the
numerical deviations found were far more
numerous than those expected on the assamp-
tion of mndom deviations (Table IT. Thus,
in Case 1 15 of the 19 abnormal cells were
comsistently 435 XY —G and in Case 2, 3 cels
were alyo ~G

Salivary glands from patienus with tumours

of the upper aero-digestive tract

Four parotid and 3 submaxillary glands, ol
apparently normal, also intended as controls,
were obtained from 7 patients with malignant
or benign tumours of the upper aero-diges-
tdve tract or of the parotxd as speafled in
Table 0L

Case 1 The analyshs of 10 metaphases from
the histologically normal salivary tissue of
thn patient with papillary cystoadenoma
lymphomatosum of the parotid revealed §
normal ceils one cell with a marker umilar
to M, assocmated with the absence of one C
and one G chromosomes, and 4 cells with
Joss and or gain of F and G chromosomes.

Cate 2 A similar sltuation was found in
cultures of mbmaxillary gland from the pa-
tient with an cpithclioma of the tongue. In
fact, of the 15 cells examined, only 4 had a
mormal complement Among the abnormal
oncs, one showed the M; long actocentric
marker and w misding chromosome iIn C
group 5 cells with 45 ¢hromosomes had the
Joss of G and E chromosomes and cach of
4 cclls had comsisiently one extra F chromo-
some,

Cases 3 and 4 In these 2 cases with em-
thefloma of the larynx the majority of cells
from the parotid thoue were abnormal In
case 3 14 of the 29 abnormal cells were 45
—G and 3 were 47 +F while In case 4
there were two 45 —G and two 47 LG
celle

Case 5 1In cultures from the submaxillary

Acra Orolaryny 76
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#and there was a prevalence of numerlcal
bnormalitles of G chromosomes, 6 of the
12 abnormal cells bewng 45 —G and four
47 G In this case there was also 2 celb
Sith the M, markerand +C +G —E
Cair 6 Five of the 7 abnormal cells from
the cultured submaxillary ghand tissae were

some (wrow).

comnstently 46, +C, ~ G One blood culture
from thus case revealed only normal cells.
Cate 7 Al the 14 metaphases from the
histologically normal portion of the parotid
of this patient wath benign pleomorphic ade
noma, showed normal karyotypes.
In conclosion, ako fo these apparently por
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Fg 3 Meapheso with 47 chromosomes staioed with
Grnecrine mastard. Exirs chromoeome (srrow) has

cause of ncurnigia of the lngual nerve. In
cach case 7 cells were analysed 1n detall and
showed a normal karyotype.

DISCUSSION

The finding of mumerical and structurs!
chromosome abnormalities in the pleomorphic
sdenomas of the parotid gland In absence of
any histological sign of malignant trandforma
ton confirms the scarce but indicative ev-
dence that karyotypec vanation Is present also
m benign tumourx Thus, Zang & Singer
(1967), Mark (1969) and Benedxt et al
(1970) reported chromosomal abnormalitkes in
benygn intracranfal tumours, while Fraccaro
€t al (1968) found correlation between signs
of inrtial malignant trangformation and clonsl
cvolution of onc abnormal karyotype in =
Cystic adenoma of the ovary Co ly as

bands different from any other chromo-
somer All eiher chromosomes have novml bands.

s complete surprise came the findmg of es-
senthally the same type of chromosomal varia-
tlon including the presence of a marker
chromosome probably duoe to a perlcentric
inversion of a C chromosome and a preve
lence of numerical variation In defect and
excess of —E and - Gdike chromosome, m
a serwet of normual salivary glands from sub-
Jects wath benign and mahgnant tumours of
other drstricts and with chromc shaladenitr
The only exceptron was the finding of normal
karyotypes in the histologically normal sec
tion of parotid adfacent to a pleomorphic
adenoma (case 7 Tablke II). The only other
normal chromosome picture was found in the
2 submaxillary glands from the subjects with
heart fadure and neuralgha of the lngoal
nerve.

We are satisfied that our findings are not

y

due to tech artefacts. In fact, we have

Acta Orolarvag 76
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carelully controlled the large number of pri-
mary cell cultures from different tissues of
varous subjeets which have been made con-
currently 1 our laboratory and found no evi-
dence of karyotymc variation of the exten-
non and type found in the salivary glands
One could then postolate that salivary glands
in vitro are more liable than other tissucs to
numerical and structural chromosome aberra
tion. These aberrations could be due exther
ta sotme product(s) of these cells In culture
or to presence {n these cells In vho of some
{actors, for example viruses, able 1o induce
chromosomal aberration. 1! this were true
we should find knrvotyple varfation in aff
cultured salivary glands and for this reason
we need fo examune more glands like those
of the last 2 controls, which were found nor
mal In this respect, wo have cultured 2 nor
mal tonsilt (another organ known ta be linble
to virus storage) and found no evidence of
karyotyplk varmuion
An alternative hypothens is that the karyo-
typic varistion found in the normal glands
from subjects with tumouns and daloadenits
Is directly or indirectly produced by some
unknown factor(s) connected with the pres-
ence of the abnormal conditfon fuself Whh
ne exception (case 6 Table ) we performed
of anelyses when the new techmques for
romosome Wentification were not yei avall
ablke We should be able m the near future
to define most of tht karyotypic varmtion
and reveal any eventual consistent pattern in
it
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Numerbche mmd strokimrale karyotyphcbe Anotwag
wurden {1 Zellen die o vitro ubthiert wae) m
vou § gutertigen, gemischten Tumoren (poooe
phisches Adenoms) die von der menschiichen O

X 5 . ck 1y

Kontroftzs ecken wurden 3 Unterkieferdrimen ol chee
nbscher Sialosdenttis und ¢ histolagich pormale S
cheldrioen voo Patienten mit Neophesmen dey oberen
werodigestiven Tells unterucht. Anch b dieses Filla
wurds ene karyotypische Varistion gefunden, 2 n

Vertutt vt E ond G-tmbichen Chromonmes ber
ribrt. Nocmale Karyotypen wurden it Kuftres vou
Patbenten it abw ekchendem Zostand beobachiet, Hy

o
Faktoren wod derea Althicnmg it Vi bene
typischen Anomallen unterllegt.
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THE VESTIBULAR RESPONSE FOLLOWING UNILATERAL
VESTIBULAR NEURECTOMY

U Fich
From the Depariment of Otolerynpology Kentonsspitel Zirick Swirseriond

(Recefred Jaroary 19 1975)

Absiract, 15 patiets waffering fram unilsteral Me
DRew's dacere were im estigated befoce end at reguler
imtervah for 3 years [oflon log vestibular pewrectonty
The tpantaocons sextfbular shyns 5 ».¢fl as the caloric
response of both Labyriotm wers recorded by elec

The of vesttular com-

tibular ncurectomy offers the ideal condition
to stody the compensatory process taking
place In the vestibular system following the
unilateral elimination of the first vestibular
neuron in man.

METHOD

Fiftecn paticnts suffermg from unflateral Me
oRre s disease were investigated before and
at regular mtervals for 3 yeans following ves-
tibular neurectomy The average age of the
peticnts was 47319 yearx The spontancous
vestibular signs as well as the caloric response
of both labyrinths were recorded by electro-
nystagmography (Fisch, 1965 Flsch & Sieg
fned, 1965). The calonic stimulation was per
formed with the irrigation of 20 cc of water
of 27 C, respectively 47 C for 20 seconds.
The following parameters were selected for
study (a) the frequency and average velocity
of the slow component of the spontancoas and

i (b) the duraticn of the

Bon &5 ncluded i the resected specimen, ves-
16 Mves

caloric and (c) the average velocity
of the slow component and the frequency of
the nystagmuos measured over a persod of 10
scconds of the maximal Intensity of the caloric
response (Rekchold, 1969).

RESULT
Spontancous Vestlbular Signs

(¢} Spontencous nystagmia. All patfents pre-
sented after surgery with a spontaneous nys-

Actn Osolaryxy 76
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Bmus directed towsrds the Intact ear (Fig.
{A) The intennty of the spontancous nystag-
Tus, as measured by the average velocity of
the slow component, was maxmal in the first
postoperetive week and decreased rapidly
thereafter reachmg a value of =3 /sec
(s=1%/3ec) which was kept practically con-

intact, contralateral ear until the end of th
third postoperative year The evolation of t
intensity of the observed positioml mysusf-
mus was 1dentical to that of the spootancos
nystagmus,

The postoperative course of the spoatast:
ous Tbular signs imply that, in sphe of 2

stant until the end of the observation period
of 3 years. A dmilar pattern was found for
the freq of the sp ny
which reached the average of I=18 beats
per 10 sec (s=3) at the end of the first week
and a constant value of ¥=35 beats per 10 sec
(5=2) thereafter

(b) Positional nystagmus. A positional nys-
tagmus was abo present affer  vestibulsr
peurectomy and atways directed towards the

Acta Otolayng 76

rapdd initial compensation & permanent i
balance of the vestibular tonus in favoar of
the contralateral car persists for at last 3
years following the cxcision of Scarpa s pof-
Lion The intensity of the spontancoas &
tibular signs is not a good messure of L
subjective  sensation of dbequilibriom et
perienced by the patients. In fact, despite 2+
ready stabilezed ma! spo et
tioular signs, quite & number of patients co=
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plain about duturbing imbalance after the
first postoperative month (Fig. 1B).

Cdloric Response

No speafic caloric reaction was obtained af
ter warm or cold water lrrigaton of the
homohateral ear (operated side) in all 15 pa
tients. For this reason only the preoperative
and postoperative caloric reyponse of the con-
tralateral ear was used for further ev:

Tonth

¢ unilaterel neurectomy 231

after The relatire duration of the cold water
response is, convensely reduced to the half
of the preopemative value Inithally (first post
openative week), recovering slowly thereafter
without, bowever reaching its onginal value
even at the end of the third postoperative
year According to Fluur (1960, 1961) the re
sponse to cold (resp. warm) Irrgation Is de-
pendent opon the level of the spontaneous sc
tivity present In the homolateral (respectively

latoral) vesfbular muclet The postoper

The rormal average parameters of the caloric
reaction have been established by examining
30 patients with healthy ears between 20-30
years of sge (average age 25 years).

Duration
{a) Total deration. The sum of the response
to warm and cold irrigation of the intact slde
1 defined as the total duration of the caloric
reaction. After excislon of Scarpas

atrve cvolutlon of the relative doration of
the cold water response can, thercfore, be
comyidered as proportional to the Level of the
resting discharge present In the homolateral,
deafferented vestibular moded. This actinty
{3 sharply redoced to less than half during
the first postoperative week, then recovers
rapldly untll the end of the fiost postopers-
ﬂv:mnulhnndvvryl!o"iy(chm!cphsc)

this parameter b reduced in average to 60%

of the preoperative value after 1 week, to
. %5% of the same value at the end of the
first and during the following 11 months (Fig.
2A) and reaches 1ts preoperative value at
the end of the third postoperative year

The observed reduction of the total caloric
response of the nomoperated side after vey
tibular neurectomy can be explained by a
long-lasting censral inhibitory effect The cen-
tral mhitdtion has a transitory maximal peak
in the first 4 postoperative weeks (acute phase
of lon) mnd permsts, al th with
decreasing intemsity In the remalning 3 years
{chronic phase of compensation)

(b) Relative duration. By plotting the aver
age duratron of the sngle warm or cold water
response of the contralateral side ma a per
centage of the corresponding total duration
of the caloric reaction it is possible to analyse
the postoperative relationship (prevalence) be
tween the responscs to each thermal stimulus
(Fig. 2B). The warm water reaction dom}
mates in the postoperative phase with a peak
at the end of the firt postoperative weck
and it progressively reduced in itensity there

Maximal intensity

(@) Total maximal velocity of slow compo-
nent Tho parameter is defined as the sum
of the average welocity of the slow compo-
nent measured during the maximal ntenmiy
of the caloric response 10 warm end cold
water The total maximal velocity of the slow
camponent Iy redeced, on average to 65-75%
of the preoperative valuc for a3 long as 6
monthy after surgery (Fig. 3A). Later-on,
the preoperative value b reached and even
excecded at the end of the third postopera-
thve year

A central inhibition followed by & subse
quent facilitation has to be accounted for the
observed changes of the total maximal ve
locity of the slow componcent after excidon
of Sarpas ganglion. The inhibitory effect
presents an inftisl peak (acute phase), and
then decreases slowly in intensity over a pe
riod of one year or more. The postoperative
variations of the maxmal velocity of the slow
component of the warm and cold water nyy-

Ace Oeolaryng 75



232 U Fisch

A Tolal Surglion (narsr cnd waler resp pse
o precy va ve - 100%)

pue}

0¥ 1w 1 Jwe e

Fre]

s

—I\"

W

8 Reative durilion of 1 warx 800 co ¥ wr'er resporise

retal curaion - 0% )

L PR

2

A e

WARM [RRIGATIEN R{)ﬁp %
I G )
.: vt I gwe g e i

Fig. 2 Duration of ths caloric reponm of the in-
tact, contralateral cur following vestlboler nerec
o1y (A) The sum of the responso to warm and cold

tem by cold water Imigation Iscllitates tho contra-

tagmus were analysed scparately in relation
to the corresponding total valuex The dam
obtained (Fig. 3 B) are very similar to those
establshed for the relative duration of the
caloric response The caloric nystagmus di-
rected towards the contralateral side (response
to warm irrigation) prevails, partrcularly at
the end of the first postoperative week (acute
phase) and B then slowly reduced in its In-
tensity over the following 3 years. The aver
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(Irritative ledlon due to Menkres

is never reached again At the end of DX
second postoperative year however & R
porary reversal of the predominance of e
o from the i (respors

to warm irrigation) to the homotateral nd
(response 10 cokd Irrigation) Is recorded




Vestludar response following unflateral vestibular neurectomy

233

A Tital maneu! veecTly of 1'% siow componant ( cad sane
L

'#r raLOONSE pOWGD vEie / TO SR T00% )
*
]
s
»

7 r
e Im Sts s
i/ aaliy .

[l

-4\

e o prrmmerwinw vy

% 1R A

G

8 Reatrre svecuge ve ocily of 1ive s CTpCoeT! o Y08 mar
respeTie

and oo srter

7 e

e

wars | 2 saTION 0}4@ %\

et i Saw Lo

the discrepancy between the direction of the
spontaneous nystagmus and that of the pre
valent maxmal calor is

component
tobe F=43% (r=103%)

sity of the caloric respomse. Ths behaviour
could be defined =t a recruftment or over
recruitment of activity occurring during max
imal stimulation In the desfferented vestibular
noclen

(€) Total madmal frequency The sum of

m terms of different activity kevels in the
vestlbular ouclel, one bas to admit that in
spte of & still insufficient resting discharge,
the vestibular nuclei of the operated side are
wble to increase thelr activity over the mor
mal average level during the maximatl Inten-

the f y of the cold and warm water
nystagmuos measured at its maximal intensity
shows very similar changes to those observed
for the total maximal velocity (Fig. 4 A). An
average reduction of activity 1o 80% of the
preoperatrre value occurs during the first
postoperatlve year and is hater followed by

Acta Orolaring 76
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a rebound of activity reaching 150% of the
original value at the cud of 3 years. These
figures confirm the time evolution of the ctn
tra} Inhibition of the contratsteral vestibular
nucler as already determined by tho total max
imal velocity of the sfow component,

(d) Relathve maxmal frequency The rels
tlonship between the maximal frequency of
the cold and warm water nystagmus (Fig 4 B)
corresponds closely to that obtained for the
maximal velocity of the slow component (Fig.
3B). The postoperative prevalence of the
caloric nystagmus towards the contralateral
side (raapouse to warm Irrigation) shows &
peak with a rapid reduction at the end of

Acta Otoleryng 76

average foc the relathre puvimal frequeoy of
warm walsr ropome i norme! Ribjcty ho b
found to be: E= 2% (s~ 8%).

the first postoperative moath, followed by 8
slow decrease during the bext 11 moatss
Later-on & revecsal of the prevatence of B¢
caloric ny from the hterl B
the homolateral side i recorded. This ™
verml, which takes place fo spiie of & PO
tancous nystagmuy uill beating la
direction, can be explained again by 2

ment of activity occurring Jja the homols
vestibular auclel during mazimal caloric o€
thon.

DISCUSSION




Vestibular respor

lar peurectomy shows a different evolution
in trme if measured according to the changes
of the spoatancous ventibolar dgns or to those
of the caloric reaction of the contralateral
ear (Fig. 5). The postoperative spontaneons
and posltional nystagmus & already reduced
to & minimum 4 wecks after surgery In con-
trast to this the duration and intemsity of
the caloric nystagmus show a dower post
operattve modification lasting for as long as
3 years. Beaanse of thh difference, the pro-
cess of vestibular compensation occurring af

¢ wnllateral newectomy 235

wbtole! aod already schicved at the end of the

evolutlon during the total olmervation period of 3
yeoars (dymamio compenmation).

ter the exchtion of Scarps s ganglion can be
divided Into two phaser 1) an acute phase
(lasting for 4 weeks after surgery), and 2)
a chronic phase (bsting from 1 month to 3
years after surgery).

The acute phase of the vestibular compen-
sation s characterized by the omsct and rapid
duction of the signy.
During the scute phase of compensation the
vestibular nucle! of the operated side quickly
restore  thelr spontancons activity though
without regalning it estirely The result of

Acse Orlaryeg 76 4
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vestibular signs are expresion of the sroric
2nd not of the dynamle condition of the ves
tibular system,

The dynamic behaviour of the vestibuhr
system was investigated by the caloric stime
Iation of the contralateral side simce no 3
cific caloric response was observed after s
gery from the homolateral (operated) side.
The analyms of the durarion snd macsed
intensity of the caloric response of the con-
trainteral ear revealed that the acnte phase of
compensation (particularly reflected by the
spontancous and positional nystagmus) & fob
lowed by a longer lasting chronic compens-
tory process (chronic phase of compentation).
The chronic phase of compensstion affects
the dynamic response of the vestibular sp-
tem 1 two wayt 1) by a central inhibirion
acting over the contralateral vestibular nodd,
and 2) by e recruitment of activity In te
vestibular nucler of the operated side. Thes
WO Compensatory processes arc expressed by
the reduction of the tota! duration, total mas-
fmal intenuty and frequency ol the calork
response of the ntret car (Figs 24, 3A
4A, and 5 a3 well us by the evolutios of
the directional preponderance of the calore
nystagmus (Figx. 2B 3B, 4B, and 5)

The central Inhibitory effect observed 3

ter excision of Scarpas ganglion in mas e

that, therefore a continuous imbalance
tibular tonos persists at rest. The dymamic compenta-
tlon b characterized by a recrultment of activity In

tlus incomplete recovery s a permanent fm-
balance of the vestibular tonus, which it min-
mal and is only detected with the ald of elec
tronystagmography Tha rapid subtotal com
pensation of the spontancous vestibular sign
does not correlate with the course of the sub-
jective senmations experienced by the patfents
alter the operation (Fig. 1B) This is under
standsble since these sensatlons arc mainly
related to while the sp
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responds to that obscrved recently by MeCabe
ct al. (1972) after labvrinthectomy in the st
These authors wntc that: In responie 10 3
massive asymmetry of discharges into the o
ebellum occanoned by the sudden deafferest
iation of the vestibular nucle of on¢ se
unflateral labyrinthectomy) cerebellar bR
tion Imposes a shutdown of the intact xd&
1o rebalsnce the asymmetry at the loned
level” According to the present findings b
central Inhibition b always invenscly propor
tional 10 the level of the resting actrity pe+
ent in the vestibular nuclel of the

side and I therefore at fis strongest wb®
the reating discharge of the vestibular pucd
i st fts minimum and vice verse The w77
Intense and prolonged ecatral nbibetion &
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the vestibular nuclel occurring after vestibn-
hr neurectomy may explain why after sur
gery the patent Is recovering from hiv ves-
tibalar lows in a few dayz and is able to keave
the hospial on his own at the end of the
first postoperative week.

The time cvolution of the process of ves-
tibular compensation occurrmg after excluon
of Scarpas ganglion bas been summarkred
in Fig. 6 An acwe phase of compensahon
occurs in the first 4 postoperatrve weeks. Dur
Ing this time a strong controlateral centrel
fmhibition s present and the resting activiry
of the bomolateral vestibular nuclel i rapidly
but incompletely regenerated. The acute
phase of compensation s followed by
chronic compensatory process during which
the central inhibition ks slowly reduced and
the deafferented vestibular muclei show a con-
stant activity at rest, but an ipcreanng ac
tivity during maximal caloric strmulation. The
difference between resting activity of the
bomolateral vestibular nuclei as determmed
by the spontancous vestibular signs and by
the calorc stmulation makes {t pecesmary to
distinguish between statéc compensation and =
dynamle compensation. The fact that e re
cruitment of activity occurs m the deaffer
ented vestibalar nuelel during maximal caloric
stimulation explafns why the prevailing direc
tion of the maximal caloric nystagmos may
be oppotite to that of the spontancous ves-
tibular signs between the sceond and third
pastoperative year

The Hme evolutson of the dynamic com-
peosation b fn good accordance with that of
the complainty of the patlent shout subjec
the pogtoperattye imbalance (Fig. 1B) The
dymamic compensation is in fact pearly com-
pleted | yesr after rurgery at a time when
the subjective complunts of the patlent about
imbatance are abso reduced to 8 minimam

Three patients out of 15 continued to com-
plain about disturbing oceasional imbelance
1 year after surgery Two of them had slg-
aificant evidence of fncomplete dynamic com-
pensation (significantly abnormal values for

ing unilaterol neurectomy 237

the maximal intensity of the caloric response
of the mtact ear). The third patient with an
average  statlc lnd dynlmic compmnlmn
lacked anmy bl or

to resume work and was tending towark
an invalidity claim from his insgrance. It =
Impod therefore that the knowledge of Lhc
dynamic process of Tl

will glve some objective clucy to measure the
vahdity of the subjectve camplaints of the
patient followlng vestibular neurectomy
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builren Beschm erden vers endct werden.
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OPTOKINETIC NYSTAGMUS IN ACOUSTIC NEUROMAS

M. Tos,J Rosborgand J Adser
Frow the ENT Deperomens Glostruy Hospisal Copenhagen Dewomark
(Recshod Janoary 17 1973)

nysagomm b doo to presre by tumour opon
the centre. In 11 patients opto-
kinetic nystagrews was normal; bn 5 of thew patints

mus which does not appear to bave been ut-
lized routinely m the diagnosis of acoustic
nedroma,

Optokinetlc nystagmus fs a psychocortical
teflex {n which the ey follows the move
ments of stripes on a drum (Cords, 1926).
Its afferent paths are afferent optic paths
coursing from the cyes to the optic cortical
centre in the area siciata, The ares siriata s
surrounded by an optomotor zone correspond-
ing to Bromans zone 18 which bouses the
optomotor cortical ¢entre. This centre re
cetves fibres from the homolateral cortical
vianl field and, via the postenior part of the

lentum corpors callosl, from the contra

relation to the brain stem. This applies espe
chally to oto-neurasurgery in which the sire
of the tumour inflzences the cholee of ap-
proach and method of operation. A

lateral visnal and optomotor ficld. The ef
ferent optomotor paths assemble In the paric
al lobe, beneath the supramarginal and angu-
lar gyri, coune on the innde of Gmtiolets
optic rediation, through the posterior part of
the intermal capsnle and outer part of the
cerebral peduncle o the \

where they crom In the middle, ending In
the contralateral gaze centre In the vicinity
of the abdueens nuckeus. Leslons of the ef
ferent path in the cerebellum will cause absent

by House end his assochates (1964 and 1968)
bave clearly shown that any sign from the
erenial nerves, cerebellum, and braln stem ©
of great importance i assessing the extent
of the tumour and ita relation to the sur
roundings. In this paper we would llke to draw
attention to the role of oplokinctke nystag-

or defi horzontal optokinetic oystagmus
to the contralateral side, lestons of the bratn
stem to the homolaters] tide. Several authors
have confirmed Cords’ hypothesis (Fox &
Holmes, 1926 Kesteabaum, 1932, Cogan &
Locb 1949 Carmichael ct al, 1954 Smith
& Cogan 1959 Siiversten & Wiener 1965
Tos et al, 1972), finding sbnormal optokinetic

Acts Otoleryag 76
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nystagmus te the contralateral side in lesfons
of the posterfor part of the hemisphere,
mainly [n the temporoparietal region.

Little has been published about abmormal
horizontal optokinetic nystagmus iIn brain
stem Jestons. In lesions of the pons and cere-
bellum Fox & Holmes (1926) found two cases
of unilateral sbnormal optokinetic nystag-
mus to the homolateral side and one of bi-
Iaterally sbnormal optokinetic mystagmus. We
(Tos et al. 1972) have described 40 cases of
vascular degencrative braln stem lesions and
tumours of the braln stem and cerebeilo-
pontie angle in which the horlzontal opto-
kinetic nystagmus was abnormal to the side
of the lesfon In 37 cases and to the contra-
latera] side in 3 Among another 40 patients
with bilaterally abnormal horfzontal opto-
kinetlc nystagmus the great majority hed
brain stem lesions.

Abnormal optokinetic nystagmus to the
samo side as acoustic neuromas, due to pres-
sure upon the brain stem, has been reported
by Enoksson (1956) in four petients. Simon
& Gay (1964) have also described two cases
of abnormal optokineti nystagmus to the side
of acoustic nearoma,

~

1
/%mmon MATERIAL AND RESULT

In a total of 6377 acoustic vestibular texts
done during the perlod 1966-1970 investiga
tion for horizontal and vertical optokinciic
nystagmus was performed using a manually
operated dram with black and white stripes
at & distance of 40-50 cm from the patient s
eyes. In all doubtful cascs and in cases with
defective or absent optokinctic nystagmus the
investigation was donc also by an clecire
drum having a constaut angular velocity of
72, 180, and 360 ;sec respectively Abnormal
horlzontal optokinetic nystagmus was found
[n 142 cases (14%) of dieases due to an or
ganic, cerebral Jeslon, or In 22% of all tests
for optokinetic mystagmus (Tos ctal. 1972).
Thix material comprises 17 patients with

Acta Otolerymt 76

operatively confirmed scomtic newrowms,
a rule large. The acoustic vestibuler testy o
well as the tests for optokinetic nytagmes
were cartied out by us, whereas the opens-
tions were performed by the neurcsurpeons
using the occipital approach and 2 nearosurgh
cal technique. In 6 patents abnormal bork
zontal optokinetic nystagmus was fomnd, &
4 of them absent to the xame side fn one
defective to the same side as the tumour e2d
in one absent to the opposite side. In If g
tients the optokinetle nystagmus was normal
The two groups of patients were amlysed sty
2 view to acoustic vestibular signs and sigm
from other cranial nerves as well a3 opers
tive findings, with emphasis on the sizc of
the tumour and espccally its relation to the
brain stem.

Comparisan of the common signs o th
twa groupt of patieats (Table I} showed that
anacuds, perfpheral faclal palsy reduced cor
neal sensibility and choked disc were rel-
tively more frequent in the group wih ab-
rormal optokinetic nystagmus. However et
tingushed vestjbular function and cerebellst
signs, such a3 ataxia and dysdisdochokinesia
were more frequent in the group having sor-
mal optokinetic nystagmus.

X-ray cxamipstion of the iernel pod
acustici (Table IT) showed normal appearects
in 2 paticnts of the group with sbnormal opic-
kinetic nystagmus. In both, rr encepbal-
graphy revealed a large acoustic neuroml
and at operation & large tumour was foud
medially in the cerebello-ponune angle, coor
pressing the brain stem and adhering fioaly
to it. Both patients had extingurshed acous®”
vestibular fanction. In the group with norat
optokinetic nystagmus the porus was por!
in one patlent whose tumour was large a2
extended towards the tenforfum cerebrl 12
the remaining patients of both groopd the
porus acusticus Internus was destroped. s
width was Increased In oaly 2 cases, oas ¥k
a small and the other one with a medis™
sized tumour In § cases Pantopague cster™™
graphy or air encephalography was daes
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Table L Sipxs v ocoustic mesromas in relation to optokbeetic nystagmuss

Vestibular
corneal

No.of Ans- Grestly MBdly  Extin Greatly  Fachl seodbl  Choked Cerebeflar

P cosh  Impelred impaired  grished fmpabred paby ity disc sigms
Abaormad
stagmen 6 4 1 1 4 2 2 3 3 2
Normel
wpagmes 11 5 [ o 10 1 2 3 2 L]

showing in afl cases a tumour sze consistent
with the operatrve findmgs.

House s (1964) classfication into small,
medium-ized, and large tumours was also
wed The small twmours, restricted to the
internal auditory canal, and the medinm-sized
ones, extendlng mnto the cerebello-pontine
angle withont compressing the brain stem or
the cerebellum, were found only in the group
with normal optokinetic mystagmus (Table I).
House (1964) calls large acousti nenromas
those which are large enough to compress the
bran stem and cerebellum. All tamours from
the group with abnormal optokinetic mystag-
mus and almost half the tonrours from the
group with normal optokmetic nystagmus
were large. In the operative reports some of
the larpe tumours werc described as belng

very large, the majority belongmg to the
group with abnormal optokinetic mystagmuos.
The relation of the tumour to the brain
stem and its adhesion to thls structure was
accurately described In all cases but one. Tn
the group with abnormal optokinetic mystag
mus 5 patlents had tumonrs which adhered
firmly to the brain stem (Table IT) and caused
great difficaities m detactment. In four the
capsale was so firmly fixed to the brain stem
that it had to be keft behind. In cae case of
this group 1t was not powsible to glean from
the descripion whether or not the tumour
had been fixed to the bran stem, bat it was
very large, welghing 50 g Within the group
baving pormal optokinetic nystagmus only
onc patient bad a tumour adhering to the
brain stem. It was only parthlly removed.

Table Il X-ray findings concerning the biternal auditory canal amd operative findings x relation to

optokinetlc nystagama

Opertrre findrags
Xy findiap
Internal andxory Stre of temour
Vi Adhering Partial
i 'y o
Normal Destroyed  Soml Modian  Lape hige brain gem removat
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In all the other patients of this group the
tumour could be demarcated from the braln
stem with relative ease and removed in toto.

DISCUSSION

Abnormal horizontal nystagmus is po doubt
due to considerable pressure upon the braln
stem. Half the patients showing this abmor
mality also had choked disc (Table I), and ail
the tumours were Iarge most of them very
large (Table IT). The optomotor psths end
in the pontine gaze centro m the vicinity of
the abducens nucleus (Cords, 1926) which is
sltusted in the very area which is most often
in contact with the tumonr Destruction of
the gaze centre ought to entajl horizontal
gaze parslyss, but this was not found In the
caset with acoustic neuromas, In other brain
stem lestons we have often found gaze paraly-
sis co-existing with unilaterally or bilaterally
abnormal hortzontal optokinctic nystagmus
(Tos et al 1972) In acoustic tomours the
gare centre i affected by pressure, but prob-
ably not destroyed. Possibly lest pressure is
required to cause abnormal optokinetic nys-
tagmus than horizontal gaze paralyds, and pos-
«hly the pontime centre for optokinetic nys-
is in a grven—laterally siturted—aren

be gaze centre and is therefore affected

+ the remalning parts of the centre.

True Pantopaque cisternography and all
other findings atford imporant information
concerning the size of the tumour and fts
relation to the surroundings, but to the sur
geon any information about the relation of
the tumour to the brain stem must be of
great Importance. House (1964) has accu
rately described the problems and risks con
cerning the braln stem In removing large tu
mours and that part of the capsule which
adheres to the braln stem However these
problems in removing the capsule are not en
countered in all large tumours, and it is there-
fore important to be ablc to establish pre-
aperatwvely in which patients sach problkms
are to be anticipated. In all patients with ab-
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normal optokinetic nystagmus, dHficulue
were encountered owing to the close nla
tion of the tumour to the brain stem ke
moving the capsule which often had to be
left behind. This s In contradistinction &
the group having normal opiokinetic oystag-
mus in which such difficulties were comnder
ably less marked and I which the capmle
could be removed fn toto n all cases but ooe.
Accordingly the test for optokinetic aystag-
mus geems to make up an exsential supplement
to cisternography and other diagnostic proce
durer. It may contribute to the choice of ap-
proach and to the preoperative declsion
to whether the tumour can be removed to-
tally or partislly And after the operation &
gives & hint as to whether the pressure upos
the brain stem has been relieved.

In the present analysis the patlents were
grouped by horirontal optokinetic mystagmot
In 4 with abnormal horirontal optokinche
nystagmus there were also signs of abnormal
vertical optokinetic nystagmus, dowmwards,
upwards, or into both directions, In all
tients with normal hortrontsl optokinetic oy
tagmns the vertical optokinetic pystagmis
was normal too. Vertfcal optokinctic mystag-
mus Is generally not used i otoneurolopcal
diagnosts as the course of its paths & s
not sufficlently known. Among 6377 fests
for optokinetic nystagmus we (Rosborg et al,
1972) found 97 patents to have sbrorm!
vertical and normal horizonmial nystagmst
Since the majority exhibited signs of orgaa¥
disense of the central nervous system we be-
lieve that vertical optokinetic mystagme B
of a certain value in otoneurological dlagso-
st Among 124 patlents with organic diseass
of the central nervous system and abnormil
hortzontal optokinetic nystagmus we (Tos €
al, 1973) found 95 to have also abnomal
vertical optokinetic mystagmus, Indicatiss
that the paths for vertical optokinetic oystaf
mus course along those for honzontal opto-
kinetic nystagmus. They end in the vergal
gaze centre in the mesencephalon, siruated
in the Interstittal nuclens (Cajal) on # et
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with the } noclel (Szentfigothal
1943), Le. only a bit higher than the pontine
centre for horizontal optokinetic nystagmus.
Therefore, the occurrence of abmormal verth
al optokinetic nysiagmus in scowste new-
romas {s not surprising.

In omr opinron systematic tests for boriron-
tal and vertsical optokinetic oystagmus, possibly
by clectronystagmographic recording, should
be included as a rontine method In the dlag
nosls of acoustic nevromas. In the large cen-
tres where many operations are dome for
rcomstic which are delmited to-
mours exertmg primary pressure upon a de
limited area—such tests will be able to throw
further Ight upon the pathophyumology of
optokinctic nystagmus.
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DISTRIBUTION AND ORIGIN OF ADRENERGIC NERVE FIBERS IN
THE VESTIBULAR APPARATUS AND THEIR ARTERIAL SUPPLY
IN THE GUINEA PIG

A Fluorescent Micrascoplc Study

Y Terayamn, E. Shige and T Sakamoto

From the Department of Osolerymgotogy Hokleido University School of Medicine
Sopporo Japen

(Reccived December 12, 1972)

cal the leading
wstibular orgeny, the basilar Inferfor cere
Suilar and common cochlear arteries re-

ceive adrenergic flbers from the bifateral superior
cenvical panghia, while the peripberal branches of the
labyrinthing artery receive their adrenergic fiers only
from the ipsilatern] supsrioc cervical ganglion. Thoe
sdrenergic fibers come from the ganglion via the
Jaternal carotid nene

Disturbance of sympathetic innervation of the
vestibular apparatus has been assumed to be
one of the canses of vestibular discases such
as vertigo ataxta and Menitres discase,
Therefore effort has been made to examine
the antonomic nerve fibers in the vestibular
organs (for extensive reviews, see Lindeman
1969). However the distrfbution and origin
of the sympathetic nerves in the vestibular
organs $tlll remain almost obscure becauss
sympathetrc nerve fibers cannot be stained
selectively by means of conventional histologi-

Acr Oroleryug T6

ca] methods for nervo fibers. Sloce postpang-
lionic sympathetc fibers contaln norzdrensin
as a transmitter substance, they are il
adrenergic fibers, At present, the fTuosesent
histochemical method of Fakk and Hillmp
(Falck et al. 1962 Falck, 1962, Falck & O
man 1965) by which noradrenalm s cow
verted into green-yellownh (lurescent sub-
stance within the thsues, is accepted #8 the
most reliable and specific method for vimf
zation of sdrenergic fibers, So far po flsores
cent microscopic study on adrencrpe fiben
fn the vestibular apparatus has been repored
except for & brict description by Spoendiin &
Lichtensteiger (1966) They found sdreseri
fibers in the utricular macula and crists
the semicircular canal

In general, it &5 known that the speof®
floorescence of adrenergic fibers dappe
after sectioning of the postganglionic {5
or after extirpation of the ganglion I whict
they orginate, whereas It docs not duapp
after sectioning of the preganglionkc
(Falck 1962 Malmfors, 1965 Terayus? ®
al 1965 Spoendiin & Lichtensteiger 1967
Thus, it #s possible to ascertain which
or nerve fs the origin of adrenergic fien 8

the organ. ”
Uting the method of Falck and Hillarp,
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present authory attempted to chart the distri-
bution of adrenergic fibers {n the vestibular
organs of the guinea pig and to ascertain the
ongin of the adrenergic fibers by section of
the cervical sympathetie chain at vanous Jew
ck

Furthermore, since disturbance of the auto-
nomic nervous sysicm of the blood vessels dis-
tributing to the vestibular organs ks thought
to indoce vestibolar symptoms (Belckert,
1962), the adrenermc Innervation to the blood
venscls at varfous levels from the basilar ar
tery to the branches of the labynathine artery
was also examined.

MATERIAL AND METHOD
Sizty-one guinea pigs weighing between 150
and 300 g were used. After decapitation, the
temporal bone was removed, and the vestib-
ular space and the Internsl auditory meatus
were opened. After removal of the cochlen
and cochlear perve trunk, the osseous canals
of the saccnlar and utricular nerves were
opened. The saccular and utricular maculae,
the ampultae and docts of the semicircular
canals, branches of the vestibular nerve and
lhelner[amnu}n;whhthmnervum:

diately removed and on micro-

pigs received a ungle intrecardiac injection
with 0.5 ml of 2% Evans Blue solution be
fore sacrifice, becanse Evans Blue represents
a red fluorescence and the blood vessels are

1962, Hamberger & Hamberger 1966).

In order to ascertain the origln of adrener
e fibers in the vestibolar organs and arterles
ns described above, sectioning of the cervical

wcopc slide glacs without fixatlon or decaleh
fication. The besilar artery and its branches
distributing to the vestibular organs were cut
into small pieces under a binocular micro-
Wnndmmtedun:ﬂd:;lm'l‘hcdjdc
thn was dried within a b

hetlc trunk inferor to the supenor cer
vical panglion, extirpation of the superior cer
vical ganglion and section of the internal caro-
tid perve which is the largest breach of the
ganghon were carried out wnr and bilater
ally The animals were sxcrificed 3-26 days

silica gel and then exposed to formaldehyde
£ in a closed vensel at 80 C for an hour
The specimens on the shde glaw were fm-
mersed with Entellan (Merck) and covered
with a coverglass They were observed under
. Olympis fluorescent and phase contrast
Microscope through a dark-field condensor
The exciting hght was provided by a high pres-
wre mercury lamp of 200 W and light of
Slonmhnvelenglhmlhw‘lxdlhw;h
flters. For control material, the irs was
mounted on the same slide. In order to
Counterstain the blood vessels, several guinea

1 Tk

after y For cach sympathec
tomy 5 animals were used.

Reserpine was injected Intraperitoneally 10
mg/kg in 3 animaks 24 hours before sacrifice
in order to examine whether the specific
fluorescence detected was due to noradrenalin
(Fuxe & Sedvall, 1964 Malmfors, 1965),

FINDINGS
Adrenergic fibers in the vestibolar apparatus

were recognized a3 fine varicose green-yellow
or green florescent fibers. Their fluorescence

.m.om‘.,..y
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disappeared 24 hours after imjection of reser
pine. The blood vessehs stained with Evans
Blue showed red fluorescence

It was necessary to remove the otolith mem-
brane from the maculee otherwne, the speci-
fic fluorescence would have been obscure. In
the saccular macula, sdrenergic fibers were

stributed sparsely They appeared to run
/nﬂ:llolbonctuluncm:ﬁba:(ﬁg_ 1)

il

together with the ntricnbr merve fThery. Flooresrs
fibers are not luftuenced by the operation: ¥, b
chips. x300. (b) Schematic draslng of the s oo
responding to Figy 2 and 3 fn the macola wirkek.

The adrenergic fibers, accompanied by the
saccular and utricular nenve fibery, entered tix
saccular and utrcular macula (Figs. 2« 124
7), and extended to the border of the micab
beyond the sensory epithelial area (Fig. 34
Most of the adrenerglc fibers evidenced mo
relation with the blood vessels, but » fes of
them man along the blood vessels (Fig. 38)
The membrane of the atricular duct showed

Flg. 3 (a) Border of the maculs utncull

of

ed side 4 days after cxtipaton of the

::l‘ﬂwpahctrrhlpnﬂm“mﬂlbd!w- course along the blood veweh (b 290
pu:wcwdlhemyccﬂ-mm 150
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(b) Central area of the mecula usricsll from = ('r'
et treated smumal Some of the adreoermic firer
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no specific fluorescence. The relationship be
tween the adrencrgic fibers and the semsory
cells In the maculae were obscure for tech-
rical reasons. Also 1t was pot possible to
ascertain In which layer ths adrencrgic fibers
coursed.

In the three semicircular canals, adrenergic
fibers showed similar distribution patterns. As
Miustrated in Fig. 4 the adrenergic flbers were
scen to enter the cnua ampullans together
with the ampullar nerve fibers. Then they were
scattered to the ampullar capsule and canal
portion. These fibers appeared to leave from
several polnts on the sloping portion of the
crista (Flg. 5a). Several adrenergic fibers
were found close to the perilympbatic surface
of the endolymphbatic duct of the sermicircular
canal (Fig 6) Some of the fibers In the cap-
sole and canal portfon coursed close to the
blood vessels (Figs Saand 65)
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(Figs. 4 and 7). Most of them appeared to run
paruifel to the vestibular nerve flbers without
sny connection with the blood vesscls, They
were more numerous within the nerve trunk
than in the periphersl vestibular organs in
ervated.

p companson of the adrenergic fibers In

¢ vestibular organs to those in the irls (Fig.

Fig 7 The dhta! omp of the saccular nenve of the
pormal guines pig. Fine adrenergic flbers run among
the saccular perve fibern, 290,

Acts Otolaryng 76

Fig 6. (a) Adrencryic Tibers me

mmilateral interns! carotd e

8) revealed that the fibers in the former wert
smalfer in diamefer and fexs numerows 8
number than in the latter

The arterkes running together with the ve
tibular nerve trunk in the osseous canals baf
networks of adrenergic fibers (Fig. 9. It coadd
not be ascertained, however whether of o
the perivascular adrenergic network soppbed

n,;mmmﬁrbmhmh'hdm”““j
pbupu.mymmnmcranhnﬂ!"
hnwhd‘hmtnmuzhowmnn»rﬁwlﬁ'
m. 133
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Number a4 they ran toward the periphery

Unilateral sympathectomy
Sectionlng of the unilateral cervieal sympathe
tke 1runk inferior to the superior eervical gang

Lon did not mfluence the specific fluorescence
of the adrencrgic fibers mn cither the vestib-
ular apparatus or the arterfes on both sides.

Findings obtalned from the unilateral sc¢
tloning of the internal carotld nerve were
identical with those findmgs obtalned after
the unllateral superior cervical ganglionec
tomy

After the unilateral extirpation of the su-
perior cervical ganghon the observations of
the adrenergle fibers in the penpheral vestib-
ular areas were different from those of the
adrenergx flbers in the arteries central to the
vestibular orgens. The adrenerpe fibers in the
peripheral vestibular organs, the branches of
the vestibular nerve and the peripheral divi-
sfons of the labyrinthme artery disappeared
completely on the operated side (Figs. 55 and
9¢) but remained unchanged on the unope-
rated side (Fig. 2a. 30,4 6 and 95). The
adrenergic fibers surrounding the anterjor in-
ferior cerebellar labyrinthine and common
cochlear arterics remalned even on the ope
rated ssde bot were prominently reduced In
number (Figs. 115 and 12}) Those remain-
g fibery could be followed as far as the en-
trance of the internal andrtory meatus. The
adrencrgic fibers on the unoperated side ap-
peared unchanged (Figs. 11 ¢ and 124). The
fluorescent fibers of the basilar artery were
also unchanged m appearance (Fig. 10 o).

Bilateral sympathectormy

Removal of the bilateral superior cervical
ganglis wnd section of the bilateral jnternal
carotd nerves resulted In the complete dis-
appearance of the specific flucrescent fibers
in both the vestibular organs and in the ar
teries from the basilar artery to the peripheral
branches of the labyrinthine artery on both
sides (Flge 105 114 11eand 126

DISCUSSION

Using fleorcicent hbstochemical method of
Falck and Hillarp the authors observed speci-
fic fluorescent fibers in the vestibolar organs

Acts Otolaryre 76
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(Figy. 4 and 7) Most of them appeared to run
paralle] to the vestibular nerve libers without
any connection with the blood vessels, They
were more numerous within the nerve trunk
than i the perpheral vestibular organs in-
ervated.

A compariton of the adrenergic fibers m

¢ vestibular organs to those in the irks (Fig.

Fig 7 The dntal gump of the sacculer nerie of the
normat guinca pig. Flot sdrencrpe fibers rnun among

he saccular nenve fibers. 290
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|
Fig. § (a) Adrenergic fben s ’
|
!

polla fo right. x 130, () The
canal portion of 1he Literal wwd
clreuler canal of the onopersied
e 4 days after scrtion of the
willateral internal carothd nenve

Note sdrenergic fiben trand
along the blood veweh ()
200.

8) revealed that the fibers In the former were
smaller In diameter and ks numeross i
number than in the latter

The arteries running logether with the 1
tibular nerve trunk in the osseous canals bad
networks of adrenerglc fibers (Fig. 9. It cond
not be ascertained, however whether or oot
the perivascular adrenermc network supplied

‘lm-dmcnkrknhmch-i‘ﬂ’d"’"d
mmmlmmm T wwae
Larger in dlameter than thos In the vobaler KT
ratus. x 138
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Flg. 12. The hiyristhine artery (s) Unopernbed tide
3 dayy afner the wnllrteral aperioc cervical ganglion-
ectarsy  Adrencryic fibery are onchanpsd i appesr
soce. 1. (b) Operated sido 4 days after the wi-
Iicral giperior cenkal ganpliooectomy  Adrenargic
Mowry sl remain bt edly reduced i oumber
190. (c} Operated ide 3 days after sectioniey of the
blateral terml carotid nener No
foend. 253

pendent of the blood vessels in the cochlea dis-
appeared after tramssection of the cochlear
Serve in the intersal avditory meatus. This
would also bo the case with the supply of
sdrenergic fibers from the vestibular nerve to
the maculs and crista.

The adrencrgic fibers contamed fn the ves-
tibular nerve present fine and distinet fluares-
cence Sach a f{eature §s charscienstc of the
preterminal and terminal portions of adrener
gic fibers (Fakk, 1962, Malmfors, 1963
Malmfors & Sachs, 1965) The rgic 1

nenrons. It b of great mierest if It » slso
true for the vestibular nenrons.

3 Independent group This group consists
of adrencrgic fibers related neither to blood
vessels nor to vestibular merve fibers. Such
fibers were observed In the border of the
macula, the capsula of the ampalla and the
duct of the semicircular camal These areas
have been considered lacking In nerve fiberx
Spoendlin & Lichtensteiger (1966) denied the
presence of adrencrgic fibers in the duct of the
semictrenlar canal. The adrenergic fibers fn
the duct portron appeared to exist m the per-
Iymphatle space close to the endolymphatic
duct. This space contains fibrocytes, collagen
fibrils snd capfllary blood vessels under the
cpithelial layer of the endolympiatic duct ac
cording to the nmuthors clectronmicroscopic
observation. Since noradrenalin released from
the adrenergic fibers may be diffusible in the
perilymph, the sdrenergle fibers may serve
functiomally as vatomotor and/or regulator of
secretion or absorption of endo- or perltymph.

Furthermore, unce the adremerpe fibers in
the vestibular organs are far fewer in number
and smaller jn dismeter than those fn the irls,
the dmect adrenergic control of the vestibular
organs would be relatrvely weak, st pomted
out by Suga & Snow (1969) m a pharmacolo-
greal study of adrepergic control of the coch-
lea.

As another adrenergic control to the vestib-
ular orgam, there 13 an sbundance of adrener
gic fibers dustributing to the arterles related
to these orgams. Spoendhn & Lichtensteiger
(1967), Nieken & Owman (1567), Ohgusthi
1968) and hajikawa (1969) previomly recog-
nred the presence of dense networks of ad-
rencrgic fibers In the vertcbrobasilar artery

bers contained 1n the vestibular nerve are more
oumerods than thote in the macola and am-
pulla. Adrenergle fibers, therefore, may be in
wme functional relatiomhlp with the vesifo-

and fts branches at the base of the brain in
the cat, dog, rabbit and mat by means of
flnorescent method of Falek and Hillarp,
These researchers, with the exception of
Spoendlin et al, made unl a3 well as bilateral

ular perve. Spocndlin & Lich tger (1966)
proposed that adrenergic fibers In the cochlea
may ifluence the threshold of the cochicar

h denervation, and concloded that
the adrenergic fibers of the main arterles of
the brain originated excluxtrely In the superior

Acta Otoleryng 7
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cervical ganglion and that those of the bagnlar
artery were derived from the bilateral gangla.

Regarding the origin of the adrenergic fi-
bers, the suthors findings obtamed from the
use of sympathectomired amimals showed that
the origins of the adrenergc fibers In the ves-
tibuler organs and in thelr related arterfes did
not exust below the kevel of the superior cervi-
cal ganghon becguse cervical sympathectomy
below the level of this ganglion did not inflo
ence the specific floorescence i these organs
and In the artenes on both sides.

After unilateral superior cenical ganglion-
cctomy the adremergie fibers in the vestib-
ular organs and in the peripberal branches of
the labyrinthine srtery disappeared totally on
the operated sde, but the pdrenermc fbers
remamed unchanged on the upoperated side.
These findmgs suggest that the adrenerpc f-
bers ongmate cxcluavely in the mpsilateral su-
perior cervical ganghon Smmilar results have
already been obtamed m previow studles on
the origin of adrenergic fibers in the cochler
which fs embryologcally analogous to the ves-
tibular organs (Tcrayama ¢t al, 1966 Spocnd-
lim & Lichtensteiger 1967).

The arteries courmng centrally to the en-
trance of the internal auditory meatus on the

rated side still showed the presence of ad-

ings after ganglionectomy were the same &
those obtmned following section of the fnter
nal carotld nerve, the adrenergic fibers i the
vestibular organs and artenes come vh the
internal carotid nerve.

Spoendlin & Lichiensteiger (1967) and Teo
reyama (1970) made respectively (fuorescens
microscopic and electronmicroscopic stodies
on the origin of adrenerpc fibers 10 the cock
Tex on the animals following unilateral supence
cervical ganglonectomy and they surmned
that the adrenergic fibers, which remained b
the arterfes proximal to the labytinthme or
common cochlear artery on the operated sude,
origmated In the lower cenical ganghon
probably the stellste ganglon. But ay s
from the present findings, this is nof true,

This present study revealed the general s
renergic innervation of the vestibolar orpass
farther studles will be necessary to clanfy the
relatjonshup between adrenergic fibers and the
cell components of the organs.
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eric fibers, although pr fy de
»ecased in rmmber after undlateral superior
cervical gangl y The correspending
arteries on the contralateral side appeared un-
changed. However since the adrenergic fibers
i the vestibular organs and their related ar
terkes completely disappeared on both ddes
after bilateral supenor cervical ganglionec
tomks or sectioning of the bilateral internal
carotid nerves, it is reasonable to assume that
the adrenergic fibers surviving oo the operated
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side following anil ngli y are
dertved from the contralateral superior cervi-
ca! ganglion. In other words, the basilar ar
tery snterior nferior cerebellar artery laby
rinthine artery and common cochlear astery
recehve their adrenergic fibers from the bilat
eral superdor cervical ganglia. Since these find-
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Flg. 1 Modotms of tbe rabbat cochiea. The spiral
modiolar  artery (SAMA) ruoe a serpentme conrm

aroond the maodiolos. The sxral modiolar vetn (SAF)
oy more straight. At fhe bess tUee spiral modiolar
vain nd the von of the roomd window (VRW) form
the vein of the cochicar squeduct (VCAQ).

appaan that most mammals bave two spirally
running vascolar arcades i the spinad taming,
onc peripheral under the tunnel of Corti and
onc central fn the tympamc Hp (for references
we Axcloon, 1968) Howerer In the aat
(Smith, 1954) in the mink (Hilding et al.
I967) and in the rabbit (Retrius, 1884 Na-
beyn, 1923) only one marginal spiral vessel
bas been demonstrated. Since the vessel of the

Caplliary oreas in the rabblt cochlea 255

besilar membrane (ras spirale) It situated clos-
et to the halr cells, it has also been held re-
sponsible for the oxygen supply to the sensory
orgen. When the vessel of the basdlar mem-
brane by absent, the oxygen supply apparently
must derfve from other sources.

The aim of the present Investigation was to
study the vascolar anatomy of the rabbit coch-
lea townrds the above questions.

MATERIAL AND METHOD

The material compriscs 14 pars of rabbit
cochlea, of which five were young, about 3
weeks of age and mne were adult of varjom
ages. All exhibited a normal Preyers reflex
The demonstration of the cochlear blood vesr-
scls was achieved by a previously described
mcthod (Axehson, 1968, 1971 1972) which
in summary contafns the followmg prepara
thve steps
Anesth
lnton.
Perfusion of the vascular system with Ringer
solation.
Infection of a contrast, Prusstan bloe solu-
tion m ths vascular system.
Fixation of the cochlea.

Ia with 1 1+

bital s0-

structures,  glomerull™ s fn the goines plg. SMV =
spiral modlotar vetn,

Acts Otolaryng 76
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THE CAPILLARY AREAS IN THE RABBIT COCHLEA

A. Axelsson and A. Lind

From she Department of Otolermygology Sehlgrenshs Spakhuset Unbversity of Geebort
Goteborg Sweden

(Recetved January 10, 1973)

Absiract The vascular system of the rabbit cochlea
wat demomstrated by the ald of contrast Injection.
The capillary aress are principally very simflar to the
human and gulnea pig cochlea. The main difTerences
are the exitence of sparse caplllaries on the vesibh-
ulsr membrane and the atsence of the vemel of the
basilar membrane. The vemel of the spiml

sppears xy the most lmportant capiltary vessel of the
external wall, according to Hs rich vascular supply
The abwence of the vessel inder the tunnel of Cortl
makes the rabbit particufardy interexting for hearing
research concerning the complcated question of the
ovTygen supply to the organ of Cortl,

In spite of the fact that the rabbit has been
much used in cochlear research, very few in
vestigatlons are avallable which study the

wcular anatomy of its cochlea. In a detailed

N slogical description of the rabbit coch-
£4 Retzius (1884) only briefly mentions some
cochlear vewsels. Retzius observed capiilares
on the vestibular membrane The vessel of the
basflar membranc (vas spirals) was demon
strated In the rabbit embryo but later atro-
phied to a fibrous strand The irregular run
ming limbus vessels were also observed by Ret
nus.

Nabeya (1923) demonstrated the umilanty
of the rabbit and the guinea pig cochlea and
noted that the vascular pattern was less com-
plex in the former Nabeya also found an in-
teresting differcnce of the rabbit in generally

This work was supported by the Swednh Research
Council project B 72 12\ 283503 and by the Seedish
Board for Technkal Driclopment project 72 1500 U
umn.
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having only one splral vessel in the spral b
mina. However a vessel was sometlmes dog
onstrated under the tunnel of Cortli Ar
beya ako found some capillary vesschs m e
rabbit vestibular membrane contrary to the
guinea plg. Nabeya s desenption was accon-
pented by some semischematic drawings.

The morpholagical structure of the sl
prominence In the rabbit has been Investgated
by Borghesan (1969).

In certain animals with bereditary desfoess,
the vessel of the basilac membrane (s B
rale) has been shown to degenerale of B b
entirely absent e.g the Hedlund white ok
(Hiding et al 1967) the shaker | moox
(hikuchl & Hilding 1967) and the deaf 033
matlan dog (Andersson et al. 1968). Contraf
ily the systematie Investigations of all cock
lear vessels fn the deal wallzing gumed 1
did not reveal any abnormalitles of the v
cular pattern (Axelsson & Ernstson, 19721 T
degeneration or abience of the veisch che
to the organ of Cortl has been sugpesed
to be responsible for the hearing defect. The
finding has also been much wsed fn the &
cussion concerning the oxygen supply 10 LS
organ of Cortl. However fn most WP‘T’“’:
cemed with the function and significasct
the cochlear vessels only the siria
and the vessel under the orglnﬂ;fhcaﬂ]'“
examined and other cochlear v

From the sparse information lﬂﬂ"’"”:
the vascular pattern of different mammeb
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modiolar vein which also runs a spital course
around the modiolus from the apex to the
base (Fig. 1). The vein fs situated fn the cen-
tral angle of the scala tympani jmmedlately
below the sptral ganglion The spiral modiolar
vein receives many collecting venules on its
cotrvex and apical aspects. These collecting
veaules derive from all three scalas in the ex
ternal wall, from the spiral lamine and limbxs
a0d from the capillary aress in the modiolus.
The spiral modiolar vein b similar to the same
vein in the guinea plg.

vemsl of the tympamdc fp (VSTL) (kfD). There i no
vemel under the outer betr cels (OHC) and no Vel
croming over the basdlar membrane 1o the extermal
wall JHC=inner bair celle. Arrow indicates attach-
ment of the  cxtibasdar membrane.

Capillary Areas
Modiolus
The capillary areas are situated in the acous-
tle nerve in the spirad gonglion and I the
modiolus woll. As in the gulnea pig and hu~
man cochlea these arcay Iack any definltc reg
ular vascular pattern. There iy a falrly dense

net of delicate caplllaries running In different
directions (Flg. 3).

Spiral lamina and limbus

The following vascular structures can be Men
tified fn the spiral laminz and Gmbus (Figs.

4-Tg
Amthnrfl
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Spiral lemics, bemal turn, a
aacular areades form a spirl vascular the
veme! of the tympanlo fip (VSTL). There b no veusel

E

Fig 3
\

diating artericles
_Mecting venules
he vessel of the tympanie lip
The limbus vessels,

The radiating arterioles supplying the capil
lary vessels are branches of the radisting ar
terfoles denving from the spiral modiolar ar
tery They run centnfugally over the spinal
lamina. Each radmting arteriole supplies a
small scgment. The branches ramify and ter
minate as vascular arcades which are drained
by centripetally running collecting venules. In
the basal turn, particularly In the most basal
portion, these arcades do mot form a well-
defined spiral vascular margin as in the guinea
pi;mdhumnncochlabutmufeopcnmd
carved vascular arcades in the tympanic lip

Acta Olaryne 76

inder the outer halr cells (OHC). THC = Loper ko
celle,

(Fig. 4) In the apical parts of the bass! b
and m the second and third turn there B2
well-defined spiral marginal vessc) i i
tympanic lp with few interruptions of %
marginal border the vessel of the fmpo
lip (Fig. 5) In no cochlea could any ‘ot
of the basilar membrane be demonsinaled
The regron of the spiral lamina penpheral 12
the vessel of the tympanic lip, Including 1
whole basilar membrane, 15

avascular In no case coukd any vasculyr €%
nection between the vesiels of the spmal br
mina and the extermal wall be demoastrated
as appears in man. The capillaries of the 57
ral limbus form an uneven peripheral MIF”
nal vascular border in the spirzl fimbsrt 1he
limbus vessels stmilar to the guinca pif 23
human cochlea (Fig. 6). The vascular 530
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In the most npical parts of the cochlea is more
tparse and open but all the defined vascular
Wructures can be demonstrated (Fig. 7).

V extibular membrane
In the guinea pig and homan cochlea the ves-
tibuler brane is h tar In

the rabint cochlea there are sparmse delicate
capllaries Interconnected to the vesscl at the
vestibular membrane  in the external wall
and to the raduunng arterioles in the spéral
hmica (Fig. 8). The sparsc capillaries of the

membrane were also observed by
Retrius (1834) and Nabeya (1923).

External Wall
Scala vextibudl

There are four welldefined vascuhar struc
tares in the scala vestibuli;

~FE:;Z_{,('..:I . e,

- & e - ? [P R
Tty %4 Al A et £} v
7, A QB T, o LRI L VA
- - -

LRSS G _}‘

L |

JHC &J: /'1 . > - < 3

the Embos vemeh (LVS). OHC=ooter habr el
Arrow

IHC=looer bkt celh,
demnts, Le. trmben cell

ndicates Hoxchke s

Radiating arterioles
The vessel at the vestibular membrane

A capillary net above the vestibular mem—
branc

Collecting venulex.

The radiating arterioles from the spinal
modiolar artery run a serpentine centrifugal
course centrally in the scals vestibuH. More
peripbenlly they sirafghten, ramify and sap-
ply all the capdllary arcas m the external wall
(Fig. 9) Immediately above the attachment
of the vestibular membeane there is a spirally
running vessel, the vessel at the vestibular
membrane which 18 sapphed by the radiating
arterioles and draimed by collecting venules
from the scala tympeni (Fig. 10). The vesel
-tuwvtm‘l:nhrmnnm“bmoreasﬂydcm—
onstrated in the basal torn and consists of
shott segments with frequent interruptions fn

Acta Orolerveg 76 .
/
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diating arterioles

Necting vennles
The vessel of the tympanic lip
The Limbus vessels.

The radiating arterioles supplying the capil-
lary vessels are branches of the radiating ar
terioles denving from the spiral modiolar ar
tery They run centnfugally over the spiral
lamina. Each madiating arterfole supplies &
small segment. The branches ramify and ter
minate as vascular arcades which are drained
by centripetally running collecting venules. In
the basal turn, particularly in the most basal
portion these arcades do not form & wel-
deflned spiral vascular margin as in the guinea
plg and human cochlca but more open and
curved vascular arcades in the tympanic lp

Acta Ololaryns 76

A hiEhie YRR P2 e £ 14 =
*“';\,;( m’:;: '

under the oater halr cels (OHC). IHC = laoner baw
eclh,

(Fig. 4). In the apical parts of the basal t?
and In the second and third turn there B3
well-defined spiral margumal vessel In ¢
tympankc Iip with few interruptions of 1%
marginal border the vessel of the mperx
lip (Flg. 5) In no cochlea could any sesd
of the baslar membrane be demomsinioh
The regron of the spiral lamina periphers!
the vessel of the tympanic lip, mcloding i
whole basilar membrane s

avascular In no case could amy vascular €%
nection between the vesscls of (he spival b
mina and the external wall be demed

23 appears in man. The capillanes of 1be 5%
ral limbus form an useven penpheral marg
nal vascular border In the spiral hotbo™ ke
Lmbus vessels similar to the gumed Plt‘d
human cochlea (Fig. 6). The vascubr svs®
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tions consequently are the supplylng radiating
arteroles and the draining collecting venules.
As tn the guinca pig nd man the stria vax
cularis appears to be the cochlear vascular
structure which s most diffienlt to infect reg-
ularly This was most obvious in apcal parts
(Fig. 1D

Panallel and basml to the stria vascularis
runs the veasel of the spiral prominence (Figs.
9 aod 17). Tt runs more lrregularly than in
the guines pig and s mmilar in appearance
10 the human cochlea. The radhating arterioles
derfve from the scala vestiboli and connect
the vessel of the spiral promincuce at rather
short intervats. The radiating artenoles are of

" nmes

much larger calibre and occurrence than those
supplyfug the stria vaseularis (Figs. 9 and 12).

In the guines pig and human cochlea most
of the branches from the radiating artenoles
d-unolmpplythoudnvucuhrhorthcvu-
sel of the spiral prominence but run exter
nally to these vessels, forming direct arferio-
venous anastomoser. The rabbit cochlea ap-
punmbcd.mmtlnthkrmxﬂdmthe
arterio-venous anastomoses arc MOTT SPATS
(Fig. 12). This in turn scems to be due to the
v:rync.hmppiylolhevtueloflbe:p{rﬂ
peominence. Most of the branches of the ra-
dlating arterioles pasy spinally for some dis-
tance in the reglon of the spim! prommence

Acta Orolary
ra
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before turning basally to the collecting ven
ules af the scala tympant

Scala tymponi

In the scala tympanl there are two regularly
occutring vascular structurey,

Collecting venules
The venules at the basilar membrane

The collecting venules dratnt all the capil
lary areas of the external wall wnd are directly
connected ta the mudiating arterloles by the
above mentloned arterio-venous anavomoses
(Tigs. 9 and 12) Somc large collecting venules
drafn the striz vascularit and others “pro-
trude up 1o the scaln vestibull to drain the
cnplilary net and the veseel at the vestibular
membrane (Fig. 10) This was alw obswrved
by Nabeya (1923)

Immediately basaily to the vevse] of the spiral
prominence the collecting venules make an
omega formed loap around the atlachment of
the basilar membrone and in this manner seem
to grip wround the attachment (Figy 9 and
12) Below thh region the collecting venules
tarm splrally running parts which are often

fined as & vasculor margin the vemules at
,  badlor membreane (Fig, 9) More basally
11 the scala tympani the small collecting ven
ules merge to larger vessels which eventuatly
empty in the spiral modiolar vein The appear
ance of the vessels ol the eeals tympant b very
similor 1o the guinea pig and human cochlen

In the apiead parts of the cochiea the whole
vascular pattern of the externsl wall is more
open and sparse. Most of the regularly occur
ring vascular structures can aiso be demon
strated here (Fig 12). Stria vascularis i3 often
difficuft 1o inject completely The very pro-
nounced supply to the vewel of the spiml
praminence consequently appesc @il more
prominently here The coliecting venules of
the scala tympani appear comparatively larger
than more basally the largess drain the stria
waseularie

Acte Otolaryny 78

Fig 9 Cxternst wall bacal turn Large radistios %
tevicles (RAL) supply all sevaeh and cobectiag v

uler (CF L) of the scule tympant draim aB seeck
51 5= stria sascularie | TRt reod of the vl
prominetice 3 LM ~ the venulrs af the haellar s
brane

Basol end

At in the guinca pig am! human cochles 1
basal end fs very ditficult to dimect sa that
the most basal portion the hool regon ©3%
be photographlically demonurated. The 2P
pearance of this region between the windoss
s simflar to that In gulnea pig and man (FY
13) The radiating arterloles and collectin?
venules take & more oblique course, The 362
of the round window (Fig 14 resshes the



Fig. J0 Exteenal wafl, bes] turn Tn the scata vexth-
a5 3l there B 2 rich capillary net with & tplsl
baal \asculsr barder the vemel at the cetfbmtar
membrene (PSVAfL Both are dralned by large col-

short collecting venules in this repon. From
the vestlbulum the radiating arterioles ron in
a retrograde apeal direction to connect the
rediating arterfoles coming from the cochlear
tde furt between the windows (Fig. 13) In

Pig 1l Stria sscolarh, bess! tom. The caplianes
form opes loops whboot amy particulsr arrsegement
RAL = radlatiag ertericle,

Caplflary areas in the rabbit cochlen 263

T = -

pa

lectiog emde dariving from the scale tympand
(CVL)Y RAL=redlating arterloles. SVS-uria vay
cularb

this regyon the stris vascularis is particalarly
narrow and poorly developed. At the extreme
basal end the stria vascularis agnin conskts of
more vascular loops (Fig. 13) Many of the
branches of the rediating arterioles run to the
vesse! of the spinl prominence but comparn-
trvely many arc also directed to the venules
at the basllar membrane at the extreme basal
end. At the extreme basal end there is = rich
capillary net considerably more prominent
than In the human and guinea pig cochlen

DISCUSSION

For detalled lnformation on the contrast in-
jection and the vascular anatomy of the mam-
mallan cochlea the reader b referred to the
description of the guinea pig and human coch-
lea (Axelsson, 1968). The present deserd)
of the rabbit cochlea has [nstead been fo

o
Acra 0
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before turning basally to the collecting ven-
ules of the scala tympant.

Scala tympan!

In the scala tympani there are two regularly
occurring vascular structures.

Collecting venules
The venules at the basilar membrane.

The collecting venules drain all the capil-
Iary areas of the external wall and are directly
connected to the radting arterioles by the
above-mentioned arterfo-venous anastomoses
(Figs. 9 and 12) Some large collecting venukes
drain the stria vasculans and others “pro-
trude™ up to the scala vestibuli to dramn the
capillary net and the vessel at the vestibular
membrane (Fig. 10) This was also observed
by Nabeya (1923)

Immedintely basally to the vessel of the spiral
prominence the collecting venules make an
omega formed loop around the attachment of
the basilar membrane and in this manner seem
to gnp around the attachment (Figs. 9 and
12) Below this region the collecting venules
form spirally ruaning parts which are often
defined as a vascular margin the ventdes ar
t{zc basilar membrane (Flg. 9). More basally
in the scala tympani the small collecting ven
ules merge to larger vessels which eventually
emply in the spiral modiolar vein. The appear
ance of the vessels of the scala tympani b very
stmilar to the guinea pig and human cochlea.

In the apiced parts of the cochlea the whole
vascular pattern of the external wall {s more
open and sparse. Most of the regularly occur
ring vascular structures can also be demon
strated here (Fig. 12) Stria vasculsris is often
difficult to Inject completely The very pro-
nounced supply to the vessel of the spiral
prominence consequently appears still more
prominently here The collectng venules of
the scala tympani appear comparatively larger
than more basally- the largest draln the stra
vascularis.

Acta Otoleryng 76

Fig. 9 Exteroal wall basal turn. Large radiaieg o
terlales (RAL) supply all veweh and colectog \&
wes (C3 1) of the scals tympant drsin o veeh
57 S~ strls vascularic. } 5SP= the veucl of the !
promience. § LAV = the venulcs st the barllar mew
brane.

Baral end

As In the gumnea pig and human cochlez, ¢
basal end is very difficult to dmseet 5o 3!
the most basal portion the hook regfon. 27
be photograp d od. The o7
pearance of this reglon berween the windn
is stmilar to that in gainea pig and man %
13) The radiating arterioles and

venules take a morc oblique coursc. The B
of ke round window (Fig 14) recencs &
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RAL

wrsbrame (FSVAS). Both are drained by large col-

short collecting venules in this repon. From
the vestibulum the radiating arterioles run in
a retrograde apical directlon to conmect the
radhating arterioles coming from the cochlear
tde just between the windows (Fig. 13) In
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lectiog venoles deriving from the wals tympenl
(CVL). RAL-ratiatiog stterioles. SFS-sria  as-
cularn.

this region the stria vasculars ks particularly
narrow and poorly developed. At the extreme
basl end the stria vascularis again consists of
more vascular loops (Fig. 13). Many of the
branches of the radmting arterioles run to the
vessel of the spiral prominence but compara
tively many are also directed to the venules
at the basilar membranc at the extreme basal
end. At the extreme basal end there Is a rich
capillary net comiderably more prominent
than in the homan and guinea pig cochles.

DISCUSSION

For detailed information on the contrast n-
yection and the vascular anatomy of the mam-
malian cochlea the reader Is referred to the~
description of the gulnea pig and human ench.
len (Axelsson 1963). The -present descTiptien
of the rabbit cochlea + N
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before turning basally to the collecting ven-
ules of the scala tympanl

Scala tympani

In the scala tympanl there src two regularly
occurning vascular structures.

Collecting venules
The venules at the basilar membrane

The colleciing venules drain all the capil
lary areas of the external wall and are directly
connected to the radiating arterioles by the
above mentioned arterio-venous anastomoses
(Figs. 9 and 12). Some large collecting venules
drain the stria vasculans and others “pro-
trude™ up to the scala vestibull to drain the
capillary net and the vessel st the vestibolar
membrape (Fig. 10) This was also observed
by Nabeya (1923)

Immediately basally to the vessel of the spiral
prominence the collecting venules make an
omegs formed loop around the attachment of
the bastlar membrane and in this manner seem
to grip sround the attachment (Figs. 9 and
12). Below thms region the collecting vencles
form spirally runnung parts which are often
defined as a vascnlar margin, the venues at
?he bavilar membrane (Fig. 9). More basally
n the scala tympani the small collecting ven
ules mecge 10 larger vesels which eventually
empty in the spiral modiolar vein. The appear
snce of the vessels of the scala tympanf Is very
similar to the guinea pig and human cochlea

In the apfcal parts of the cochlea the whaole
vascular pattern of the external wall is more
open and sparse, Most of the regularly occur
ring vascular structures can also be demon-
strated here (Fig. 12). Stra vasculans is often
dufficult to isject completely The very pro-
nounced supply to the vessel of the spiral
prominence consequently appears still more
prominently here. The collecting venules of
the scala tympanl appear comparatively larger
than more basally the largest drain the stna
vascularks.
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Fig 9 External wall bwa! tumn. Larpe radatiog =
tenoles (RAL) mppv.u\ewhudcnnecm"_‘:
L) of the scals tympan] drain o >

As In the guinea plg and human cochez, i
basal end fs very difficult to dhssect so B3
the most basal portion, the hook regon, €7
be photographically demonstrated. Tb¢ ll:‘
pearance of this region between the wisd™®
i similar to that in guinea pig and man it
13). The radiating srterioles and mﬂfﬂ:z
venules take a more oblque course The ‘11"
of the round window (Fig. 14) recehes
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Fig 13 Baul end. In the reglon between the oval  row and poorly developed ot betwern the tao
indow (OW) and the roand window (RF) the radlat  dows while both apically sod

g arterioles (RAL) coming from the cochiear side  contabns many mare kops, bekeg particalarly »
(rlek) merpe with radlatiog arterioles coming from the  deseloped at the extremse besal end (efs).
sestbnlom (ef(). Stria macularh (SV5) appoxrs car

| el Tt

[ OW . - T

eatibail and the collecting en-
tles (CVL) emmptying In the vel
dﬂnmnd‘hdo.(xkn')me
& mors oblique coarse, Stris

b thle prepanation. OF = oval
»indow KW« o window
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The lack of aplco-basally running collect
g venules parallel to the radiating arterioles
is well compensated for by the collecting ven
ules of the scala tympani often “protruding™
behind the stria vasculars to drain the capil-
lary vessels of the scala vestibull.

The vessel of the spiral prominence evi
dently must be particularly important for the
rabbit cochlear function since it receives the
majority of branches from the radiating ar
tertoles.

Of the vascular structures in the spiral la
mina the vessel of the basilar membrane has
attracted most interest by previous Investiga-
tors apparently due to its close prodmity to
the hair cells. It Is well known that this ves-
szl Is much larger during embryonic life and
invariably diminishes in size when the cochlea
s fully developed (Hilding et al. 1967 Ki
kuchi & Hilding 1967). This Indicates that
the vexxe]l of the badlar membrane may be
more fmportant for the development in the
embryo than for adult function

The other capillary areas of the spiral Ix
mina, Le. the vessel of the tympanke lip and
the limbus vessels, are very scldom described
in comparison with the vessel of the basilar
membrane. Lawrence (1971) onuts both these

scls In a schematic drawing of the spiral
inn because “the vesscls of the tympanic

p are sporadically appearing” This secms to
be an underestimation. The vessel of the tym-
panic lip recerves about 75% of all the sup-
plying and druning vessels in the guines pig
and the vensel of the basilar membrane only
25% (Axclson 1968) In amimals where the
vessel of the basflar membrane is missing there
are always st lcast vascular arcades in the
tympanic lrp, in general forming a spiral vas-
cular border This clearly demonstrates the
importance of the vessel of the tympanic hp

The absence or degencration of the vesse]
of the basilar membrane in animals with here
ditary deafness referred 1o above hss often

been held responsible for the hearing defect

Strict precautions must be taken in drawing

conclusions since this vessel may also be ab-
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sent in normally hearing animals, ep cy,
mink and rabbit, Since the vessel of the bastyr
membrane b musing in normal speciey the
oxygen supply to the organ of Corti mest ob
viously derive from other sources The ot
sence of this vessel makes the rabbit a partc
ularly interesting animal for cochlear rescarch
Possibilities are here avallable to compare the
effect of induced changes in animak witha §
without a vess.l under the orpan of Corn

Conclusions are often dmwn from the 1y
pearance of the stria vascularis and the send
of the basilar membrane concernmg te
complicated question of the oxygen sopph
the cochlea. Apparently all regularly ocewr
ring vascular structures must be exammed to
allow any conclusions o this matter

ZUSAMMENFASSUNG

Das Gefasmystem der Kaninchencochka surde &t
Hllfe von KontrastmitteBinjektion dargeuciit. De Ki-
pillurnetze sind denen der menschlichm caf der
Meerschs einchencochlea sehr dhalich. Die Husptow-

chiede bextchen tm Vor cin Voo FRMINC
hapilren in der Retemerschen Membran o 1
Fehlen des Gefasec In der Basfarmembran (Vm o+
rale). Das Gefls der Promioenita il enchert
sul Grund scioer reichen Gefarrersrpneg s &x
wichstgste Kapillargelim in dor Avmcens sad der Cocd
lew. Das Fehlen des Geflmes umict dem Contbcht
Tonnelraym macht dex Kaninchen besonders sueft
sant fir G Gebdclorsthung, mbescndere beirfh
der kompltderten Frage der Saverstoffiersorysod
Cortschen Organt.
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SENSOR! NEURAL HEARING LOSS IN JAMAICANS WITH $S DISEASE

G B Todd! G R. Serjeant?and M R. Lanion?
From the EN'T Depertment St Thomar Hospirel Lomdon Exghend

(Recehed January 16, 1973)

Abstract. The pure-tone hearing keveh in 83 Jamaicen
patients aged from 10-39 with homozygoos sickle
cell ditease were compared with appropriste con-
tolt. A sersothncural hearing loss, defioed a3 &
deficlt of at Jeast 25 dB in ooc or more frequencies,
was found ln 15/83 (22%) pathents and In 3/83 (4%)
control. Both sexet and ears were equally affected
but the extremes of the tested range cspecially the
high tones, were nvohed mast frequently The hear
jng Joes was of slow ontct, The relathe contribations
of and Jemakcan

thrombosh, anacomibs,
neuropathy aro discuseed. Jt s feit that the most
Ukely setiology b a thrombotc process.
Homoazygous sickle cell disease (5SS disense)
is characterized by both a haemolytle anaemia
and by episodes of vessel obstruction. The
thrombotic process is considered to contr-
Eutc to several clinkcal features of the dis-
which include leg ulcers, priapism, avas-

histological studles of the organ of Corti and
the stria vasculars revealed changes comb-
tent with {schaemin. In u review of sudiz
perceptve deafoess, Morrison & Booth (19
desceibed one case with sickle cell-uemog-
bin C disease and attributed this to a umiyr
mechanism.

The incidence of sensorf neural deafoest B
SS discase Is unknown. Furthermore the el
tive contributions of anaemia and the throe-
botic process to any hearing loss is abo oo
known. Evidence h accumulating that the &
reversibly sickled cell (ISC) reflects the tend
cttcy to skckling m an lndividual with home-
rygous sickle cell discase, and so ray be 3
useful parameter In studying this thrombotk

d The present study was desipned 1@

r necrosks of bone, pul y embr
T apperently random infarctive lestons oc-
curnng anywhere In the body The organ of
hearing is unlikely to be Jmmune from this
process and auvdiometry may act as a sensi-
tive indlcator of any sensori-ncural (percep-
tive) hearing loss resulting from vascular dam-
age.
Sensori-neural bearing loss was described in
a 10 year old patient with “sickle cell anae
mia (Morgenstein & Manace, 1969) in whom
Sendor Registrar LN T Department 5S¢ Thamas
Hospltal.
Research Tellow  Abnormal  Haemoglobin Unit
Auvdiologist, [Enok Department of Publc Health

This work was suppocied by a grant from the Well-
come Tt Landon.
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investigate the incidence of

deafness in a group of patients with SS &
case and fo assess the relevance of the ame
mia (haemoglobin level), and of the throa-
botic tendency (ISC) to these findmgee

CLINICAL MATERIAL AND METHOD

The patients attended the adult sicke o
clinfc at the University Hospital of the Bt
Indies. Four lo eight patlenis »tre 3¢

at random from each sesuon of the weekly
clinic over a period from June (o Octobet
1971 Studies were performed on 83 0
with SS discase (40 male 43 female) with 257
ranging from 12 to 39 ycars Paticnts bt
this ape were excluded becausc of the I



Table L Frequency distribution of hearing loss of
25 dB or more tn left and right ears in 5SS ond
control growps

Flgores in parentheses reer to pumber of eurs terted
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ploslons, gumfire indostrial nolse and prox
imity to juke boxes and transtar radios (com-
monly applied dircctly to the esr in Jamaica).
A clinical otolaryngalogical examimation

n Coatrobs
Left ear Right car Leftear Right ear
o) ) a )

1neludin

tests with toning forks was per
formed. Hearing levels were assessed separate
ly In cach ear in » sound-proofed booth at
the following 1 dex; 500, 1000, 2000

®wroOW
aswon
—~ococoo
woocoo

EERED Eﬂ‘

sible cffect of presbyscusty. All patients were
in the steady state at the time of these stud-
fer

The dlagnosis of SS diseasc was based on
the demoanstration of anly Hb S, F and A, on
starch gel clectrophoresis at pH 8.6 (Huehrs
& Shooter 1965) All cases had Hb A, devels
below 3.6% a3 masersed by column chromato-
graphy (Holsman & Dozy 1965) in order to
exclude cases of sickle # thalamacmia. Rou-
tine haematological methods were used as de
scribed ehewhere (Serjeant & Serjeant, 1972)
Tests of treponemal scrology wing the Vene
real Diseass Research Laboratory Test Reiter
Protein Complerment Flation Test and the
Floorescent Treponemal Antibody Test were
performed on 80 patients.

The coatrol group contaimed 83 cases (40
male 43 female) with ages ranging from 12
0 39 years, and matched for age and sex
& closely ws possidie to the S5 group. The
controls were selected in an attempt to match
the home ecnvironment. Thirtytwo were
Beighbonry, 18 were close relatives hving in

4000, 8000 Hz (Hertr—ormerly given as
cycles per sec). Messurements were made on
a model A 17 Ambeo audiometer calibrated
to Intermational Standards, and expressed in
declbels (dB). Heaning levels below 500 Hr
were not hnvestigated because of s posible
low-tonc mmking effect from an air cond-
tioning unit In the room but outside the
booth. However ambient nolse level in the
booth was below 30 dB as measured on the
"A" scak on an Acos sound level meter

A ductlve hearing loss d d by
Rinnes Test end confirmed by audiometry
occurred in the left ear of one control case

{due to chroaic suppurative ofitls media) and
in the left car of two paticnts (onc due to
wax and the other to a traumatic deformity).
Results of audlometry tests n these cars were
excluded from the study

RESULT

A history compatible with scoustic trauma
was obtained In 8 patients. However the bhear
mg characteristics of this group were similar
to thosc with a negative history and fn no
case was the audiogram typécal of acoustic
trauma. It was therefore consldered unlikely
that acowstic trauma had contributed signlfi-
cantly to hearing loss and both groups were

amalysiy. The tre

the mme b id, and the rematning 33 bined for sub
were friends ing pathents din
the dleklo crll or other clincs.

Al patients were questioned regarding
bearing loss, vertigo, and tinmites with par
ticular reference to the specd of onset, dura-
tion and course of these when pres-

serology tests were posittve in 15/80
(19%) patkents. Preliminary analysds indicated
that the hearing characteristics of patients
with positive and negative tests were similar
and 30 both groups were also combined for

¢l Spectal attention was pald to the pos-
sibdlity of acowstic trauma as a result of ex

analydy
Heanng loss, defined as a deficit of at least
25 dB in one frequency or more was found

Acte Orolary
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in 18/23 (22%) patientt, end in 3/83 (4%)
controls (p=0.001). This difference remained
highly siynificant when exprested ag the nunt
ber of ears or frequencies affected Similar
findings occurred in an anslysis of hearing
o5t at the 10 dB or more level Lows in the
SS group occurred in both sexes and both
cars equally The extremes of the tested range
were involved most frequently with losses a1
500 Hz in 7 eam, and at B XHz in 1S enrs
(Teble 1) Hearing loss in the control group
was confined 10 8 XHz (4 ears) In the SS
group hearing foss was most common in the
oldest group (30-39 yeans) and effected 27%
ears (Table 1D,

There was a poor correlation between sub-
jective deafness and objective amemments by
audiometry Of 18 patlents with obfective
hearing los, only 3 had noted impairment of
hearing. On the ather hand, 4 patienty who
considered themselves partly deaf hod normal
audiograms. In those who did notlee @ hear
ing loss the onset was gradual, and unssto-
cinted with other aural symptoms sach B3
vertigo or tinnjtus.

No association could be demonstrated be
tween hearing lost and the haemoglobin Jevel
ot ISC count

DISCUSSION

‘e ficamty 4 intid of =
sorineural hearmg koss in 5SS disease mnscs
the probiem of actiology Two pathological
processes in SS dhwease which may be relevant
atc the ansernia and the role of thrombosls.

Anacmis has been proposed ax an aetio-
logical fsctar 1 sensorincural deafness for
many yests but there & hittle supporting evi-
dence  Grant (1902) commented on anses
mia xs 2 causc of slow omset nerve deaf
ness, and there have smce been many refer
ences to chronic amacnnc atater n amock-
tion with ths type of hearing lomn, Horwrver
while certaln hsemorrhagic dixtheses may be
awockted with 2 sersortncural deafness of
sudden onset, there I nio data relanng anac
mla to a slow oasct, slowly progresuve heat
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Table 1t Age distribution of heariny kus by §§
and controf group

15 Coatrok
Ears with 2033 ]

Agegroop No.of  heasing No.of ban;a
{yerrs) an ton an o

10-19 1] 12asy N gy
-8 51 40) B 12y
30-33 26 b 25 [0
Totat 16 (14} 163 4401

ing loss. holde et al. (I961) reviewed stdin
of the effects of oxygen deprivation upon

h icroph 13 bie deurt
cat response of the cochlea 10 sound) and con-
cluded that hypaxia ted to widespread tegper
oty and clrculatory problems before cochleat
performance was affected.

‘The bacmoglobin tevet wn SS disease is o
Iikely to reflect the oxygen carrying opx
ity slnce the decreased oxygen affinity o 1
S allows greater oxygen relesse pee gram Hb
than {n Hb A Pucthermore the oxygen of
finity s lower in cases with fower baemo-
globin levels (Brombesg & Jensen 1967} thut
making & simple relationship between haemo
globin level and oxygen currying capactty et
tikely There was no association between hext
jng loss and the steady statc taemoglobln
tevel among SS patients in this stwfy bud
fallure to demonstrate & correlation docs pX
exclude an effect related to hypoxis.

The cochlea recefves fts vmscular suprly
(hrough segmentally srranged arterioles LT
frequent amatomotic isterconnectiant {Axclr
son 1968) Vascular obstruction would there
{ore need to affect a larger vessel, sk #
the anterior inferlor cerebellar artery w
cause cochlenr heanng foss The ressunt
cochlear changes would be widespresd, 16
hearing Joss severe and the ansel sodden
(Peciman & Kimura 1957). This b oot 15
pattern observed fn 5§ duerss ft fs howeet
passible that recurrent artesolar obstruetiost
impalr the snastomotic commuukauon’ and
fead to small end artery lestons




The prmeipal venous drainage of the coch-
lea In both man and tho guinea pig is the
vena aqued hi Occlusion of this
veln in the guinea pig produces stagnation
of cochlear blood flow a decrease in endo-
Iymph oxypen tention, and a reduction in
cochlear microphonles (Tsunoo & Perlman,
1964 Perlmam, 1966). Occlumon for long pe
tlods causes permancnt changes in both struc
ture and fonction of the cochles. The sdtes
most commonly alfected are the outer har
cclls and the stria vascularis, The outer hair
celly are consrdered to be the sonree of coch-
kear microphonics, the fatenuty of which di-
minish with degencration of thess structures
(Davis et al. 1958). Kmura & Perhoan
(1956) noted that following cxperimental oc
clualon of the vena squeductus cochleae, de
reneration of the stria vascularis and outer
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sla. ISC counts were not avallable in 3 of the
18 cases with hearing loss. It m lkely that
factors such as age abo contribute to the hear
ing Joss noted in this disense, and a further
statistical apalysls on much larger numbers
would be required before an effect of 1SC
can be excluded.

Atherosclerosis has also been suggested as
a caute for heanng loss bat the evidence is
conflicting. Weston (1964) stated that athero-
sclcrosts was a factor determining the hear
ing level of elderly subjects, but Bunch (1931)
found no difference in the hearing levels be-
tween atherviclerotic and noun-atherosclerotic
groups of patients. Studies in diabetic popals-
tlons have also revealed conflicting results
Hearing impairment has been noted 1o several
surveys, but e recent investigadon of dia
betics and controls (aged 1650 years) with

balr cells occurred in a regular gy
The basal turn was initially affected (6 days),
followed by the apical turn (2 months) and
fimally the whole of the cochlear duct (5
months). The sensitivity of the baml turn of
the cochlea to anoxia b considered due to
the high oxygen consumption rate of the stria
vascularls In this arca and to the poor ca-
pacity for anaerobic metabolism (Koide et al
1964 Coutl & Borgo, 1964). The basal turn
of the cochlea records high frequencies, and
the apieal turn low frequencies, so that in
expermmental venous obstruction, it might be
expected that high frequencies would be first

pure-tonc s y has indicated good pee
servation of fupction in the dhabetic group
(Axclnon & Fagerbery 1968). The low in-
cidence of atherosckrosly in Jamalcans (Gore
¢t al, 1960) and at this age group makes
it unlikely that this mechamsm has contrib-
uted symificantly to hearing koss m the pres-
ent seTies.

Other possfble actiologies of hearing Joss
are speculative. Compensatory bone marrow
hypertrophy fn SS dhsease causes cxpansion
and deformity of some marrow containing
bones including the temporal bone (Morgen-
siein & Manace 1969 Grinnan 1935) Tt

affected, folowed by low f and
utimately deterioration at afl frequencles
This is dimilar to the pattern of bearing loss
la SS discasc and it & possible that a low
fnde continuows venous thrombotic process,
without clinically recognised epusodes, affects
the cochlea in a simitar manner

Soch a mechanisym probably causes the pro-
frossive splenic  fibroxks  characteristic  of
ikcklecell anaemia. The lack of a correlation
between irrevendbly sickled cells (ISO) and
wnworineural deafness in the present group
does not give support to this sctiology but
oaly small numbers were avaflable for amaly-

s fvable that bone jon narrows
the intermal anditory camal leading to pres-
sure on the cighth crantal nerve. With slow
ncural compression, bearing loss may occur
without obvious disiurbance of vestibalar
function, and progressive hearing loss by this
mechanlun ks well recognised 1n Paget s dis-
case. Tomography of the internal auditory
canal in patients with §S disease and hearing
Joss might reveal evidence of bouy overgrowth
computible with neural compression.

A scmorkncural hearing defiedt of un-
known actiology has been described In msso-
clation with peripheral neuropathy (of spasthe

Acta Orolary ey 78
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and ataxic types) and retrobulbar atrophy fn
Jamaica (Montgomery et al. 1964). However
there were no neurologicat signs associated
with heaning loss in the present study and »
“forme fruste of this neurological syndrome
producing only hearing loss might be ex
pected to stfect controls a3 well as patients,
The interest of hearing loss in SS disease
fies not in the symptomatology of the disense
since subjective hesring loss s rare, but In
the mechankm of sctiology Future studies
with more dewafled sudfometnie tests (e.g. B&
hésy Loudness recruitment), tomography of
the internal auditory canal, and pethologreal
examination of the cochlea and temporal bone

Bunch, C. C. §331 Furiher obeervathons on ape ack.
;‘;":7"; auditory weulty drch Otolerymg (O

Contl, A. & Borgo, M 1% Behmdowr of ot
chrome oxidoe scibity In fhe cockles of e
guinea pig following scoustk sthralation. e
Otoleryng (Stockh.) 38 322

Da b, H, Deatherage, B, K., Rownblst, B, I'er
sander, ., himera, R & Smith, C. A, 1940, Mot

L, Robertvn, W B, Hirg, A L, sty
G & Kosekl, ¥ 1960 Qeographic differencn
of

9G2. Varketios of nerve dealnews. 7 Lomg
1933 Rocntgenciogic bone champee

A G
ke orll and enythroblesiic anarmia. Anr J
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may aflow more precise localization of the
Jesion.
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mehrtren Frequenzen, surde bn 18 Flilien bel den &3
Pahenien (.2 ) und ;n 3 bel den B3 Kontrollen
4} peiunden Bedde Geschlechier bed bedde Obren
waren gitichmisdg boteiligt. Am meinon waren dic
oberen und unteren Grenrserte besonders dic der
bohen Tone betrolfen, Der Honvertou setrie lngam
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EINE TESTANORDNUNG FOR DAS RICHTUNGSHOREN IN DER
VERTIKALEBENE

W Fritze, K. Gloning und M. R. Lesscl
Aws der If HNO-KHnlk wnd dem Newrologischken Insticut der Umiversitit Wien Osterreick

(Elogrpmyen am | Fetruar 1573)

Absiract. Der Fahighelt der SchalokaFmtion in der

Vertikalebene begt ein amderer physologicher Me-

mmﬁhwhdﬂ

beatelit s

9Lmnwc:h-m,dkfn-bunlxhumde2,5m
Patienien

Py vor — das Erbm
ftr dic Khxngfarben. Es scheint daher voa Intercme
™ mm, Patesten mit cercbralen ™
alemuchen.

Dre akustbsche Odentierung n der Vertikak
cbene, der Horlrontalebens und der Tiefe des
Raomes mitsen getrennt betrachtet werden.
Dle subjektiven REume des N hen nnd

allem die Faktorengruppe Laufreitdifferenz,
Phasen- und gk
& Veer 1958 Nordlund, 1964) wihrend fir
dic Vertikalebenc vor allem dse von der Ohr
muschel bewirkte Klanglarbenknderung zu-
sammen mit cinem Geddchtnisfaktor maSge
bend ist (Bolle et al, 19482 & Konig & Sun-
man, 1955). Dic der Loklmtionsfiugieit in
der Thkfe des Raumes nygrundeljegenden
Mechaniimen sind noch zu wenig untersucht,
beruhen aber abgeschen von der Lantstiirke
mbglicherwelse anch auf elner Anderung der
Klangfarbe durch di¢ Ausbreitung der Schall-
welle im Raum hinmu kommt unter nor
malen Bedingungen die Reflexion (Tabells L)
Ein Grenrproblem des Richtungshbrens stelit
die Untenscheidung von vome und hinten am
Kt der sagh Vertikelebene mit

schied (J

wahricheinlich keine Euklid schen Riome, filr
die dic drel Ebencn gleichwertiy anrusehen
sind. Spericlle Untersuchungen flir den vhuw
elicn Raum (hienle, 196%) haben ergeben,
daB hier die Gesetre der hyperbolischen Geo-
metrie (Bolyal & Lobasschefsky 1947) anru-
weaden sind. Eme wesentliche Informations-
quelle fur den subjektiven akustischen Ranm
wt die Flhigkeit der Schallokalltion. Dieser
Raum nt schon deshalb nicht als cuklidisch
anrusehen, da diese Lokalisation fiir Hornuron-
tal- und Vertikalebene verschicdene physiolo-
goche Mechanhmen benfitzt. Flr das Rich-

In der Hor gelten vor

der Horizontalebene dar (kictz, 1952).

METHODIK

Skher tmd die Probleme der rfumlichen Ori-
cnticrung in der Vertlkakbene schwer erfaB-
bar als dies be1 den Versuchsanordnungen fiir
die Horizontalebene der Fall nt. So nt es knum
mglich clnen Grenzwinkel m bestimmen. die
Angeben der Versuchspersonen widersprechen
emnander und das Ergebnls ist daher unsicher
Zcitwelse zeigt der Proband cine gute Ornen-
terung, dann  wieder werden  wesentlich
gr38ere Abwelchungen von der Mitte nicht

Aca Ciclaryng 76



274 W Fritze et ol

Tabelle I Faktoren die das RichtungthOren be-
einfiuxsen wnd thre W ertighelr fOr die drel Ebenen
des Reurnes

Pat. betr¥igt 2,5 m der mitdere Lautsprecher
in in hopfhibe des Patwenten, der Winkel

hen den 1 Lautsprechern 45
Von einlgen Autorea wurden welters das h den 1L hern Xonnte kein Unterschied
sowle das System Cder fn der Klanglarbe f Tt werdes Doe Ao

Ve,  Hordr.  Tiele
Laudrelt o + - 1
Phasendifferenz o -+ 1
Intenshek o -+ +
Topt - -~ ?
Zentraler RchtongselTekt
(Erfahning) - -
Verinderung der Klsngiarbe
Ohmnrsched - +?
Reflexion ? ? ?
Lawd in der Lufy ? +?
1 1 +?
Tondaver (bed hurzem ’

erkannt Wir haben e vorgerogen auf die
Bestimmung des Grenzwinkely zu verzichten
und ermitteln statt dessen ein Ergebais, dax
dadurch g wird, daff verschied
Lokslisationen in statsstischer Refhenfolge an
geboten werden. Es werden also Pomtionen
die nur relativ wenlg von der Mittelline ab-
wechen  abwechseind mit den weiter ent
n Lautsprechern angeboten und da
~  ~hen ertdnt immer wieder der muttlere
R cher (su) der Proband hat uiwo
durch den unterschicdlichen Abstand vom
Mittellantsprecher neben schwierigen Positio-
nen immer wisder die Mglichkeit emer an-
nkhernd emndeutigen Orientlerung. Der Ab-
stankt der Lantgpeecher von der Mittellinge ist
30 gewdhlt, daB keln Proband alle ange-
totenen Potitlonen richtig bezefchnen konnte
andererseits werden bei schlechter Orienthe-
rung die extrem weit oben bw unten ange-
brachten Lautsprecher mefst erkannt Ob
noch cine Orientierung vorhanden ist exkennt
man durch den Vergleich mit ciner statistisch
errecheten Fehierzabl (134) dle einer vbb
bgen  Orientwrungslosigheit entpricht. Die
Anordnung (Abb 1) besteht demnach aus ¢
La H dic tiberelnander in ommem

kreb!;ogtn sngeordnet sind der Abstand vom
Acta Otolaryxg 76

lage Ist zur Vermeldung von Rellexores b
caner Camers sflens untergebracht. Al Ge.

rhuschquelle dient Sct i} et
Viennatonc-Audiometers (M 132), da ik
R hen mit seinen Unregelm¥Bigkeiten vid

besser als Sinustdne fiir dre Verformung durck
die Ohrmuschel efgnet (Roffler & Butler
1968) Das akustische Signal wird aus Grindea
cmee besseren rNumlichen Ordentrerung bme
mer zuenst fiir die Dauer von 1 wec. Gber dea
mittleren Lavtsprecher und nach elner Pruse
von 1 sec. wieder fiir | scc. Gber emea der
anderen Lautsprecher angeboten wobed diexe
8 Lsutsprecher in statuthcher Folge abpe-

wechielt werden Die Signale und Panss
werden h mittels elektroniseher Re-
laly haltet, Dle Versuch wub -

geben, welcher der 8 Lautsprecher als zweiler
ertfut. Um den Probanden an die Versachs
bedingungen ru gewShnen wird zanfchst be
neural stimuliert, danach wird jewedls e1s Okt
durch WN fber einen Ropfhbrer verdeckl
Zunfichst werden 24 Positionen dem Hnken
Ohr angeboten  dann 24 Posdtionen &8
rechten Ol Nach ciner Rubepause wird &
Prifunyg 1 umgekehrier Refhenfolge wieder
holt. Der Abstand zwischen dem tatshchbeh
apgebotenen und  dem  vermuteten  Lawt
spracher wird als Fehler bezschnet, wobel -
der Winkel von 4,5 (Abstand zwoer Lavt
sprecher) als Fehlerpunkt giit Die Addstion
ergibt die  Gesamifchleczahl, getrenn? fir
beide Ohren (Fntze & Glonlsg, 1971

ERGEBNISSE

Schon die binmurale Prittung zeigt, daf cixe
relativ groBe interindrviduclie Strewung b
steht, wobel wir keine AbhSngigkelt vom I
telligenzquotienten finden konnten. Wﬂ::
nehmen die Fehlerzahlen mit

Alter stark m. By melgte sich auch, daB
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Abb. 1 dem sind in der sagitislen
Vertialebee 2,5 m vor dem Pattenten anfpestellt,

Verfnderung der Ohrmuschel das Ergebmis
verschiechtert, was auch von kietr (1952) be
schrieben wurde, Ferner fanden wir daB dwe
Lautsthirke keinen wesentlichen EinfluB auf
das Testergcbnis hat, wenn man den nur
knapp itberschwelligen Berelch unberiicksich-
gt Bt Dre smbjektrve H8rschwelle ist nicht
von s0 gchr Bcdcu!ung wie ber Versuchen
in der Hort
en lmhen cincn relatly  peringen EinﬂuB

Tabelle IT
w Die Feblerzaklen der Grippen Ri
Linkshinder und Blinde

Es rrigt sich keln signifdanter Unterschied, (Yarianz
anabyse). Auch Blmde baben Leine nledrigeren Fehder

Rectizs Ohe Linkes Obr
X 5 r 5
Rechishilnder
(N-17 5743 1953 5163 2008
Linkshander
(N-125) 5182 2% 676 254t
Bimde (N«10) 57,56 408 57,36 _1.53

b Das durchschmittiiche Alter der Probanden

x .

Rechtsdnder 285,44
Linkshinder 30,00
2.0

1na
11,55

Blndo 18,07

X Mmdwet 5 Streoang

Schall ungen  vex n

das Ergebnls wesentlich.

Bel allen normalen Versuchspersonen wich
die Fehlerzahl des rechten Ohres von der des
linken Ohres nicht signiffkant ab (z%-Probe,
Hofsthtter & Wendt, 1966.) Dic crmelten
Feblerzahlen schwanken also interindividuell
W innerhalb der Alteragruppe, sind jedoch bei
getrenntohriger Untersuchung {nncrhalb der
statistischen  Streugrenze. Daber it diese
Untersuchungsmethode vor allem fur den Sei-
tenvergleich geelgnet.

Dic Ergebnbuse von 52 normalen Versuchs-
personen, getrennt nach Hhndigkelt, tind in
Tab IT dargestellt. Die mittels Vananzanslyse
untenuchten  Fehlermahlen der  cinzelnen
Gruppen reigten keinerk signiffkanten Unter
whied, es besteht nicht clamal cin Trend.
(Glomng et al. 1954). Die Gruppe von blinden
Versochspersonen wurde deshalb in die Unter
tuchung elnbezogen, da bei fehkender visuel
kT Onentier K

Hork beschrichen wurde — daB
b&ude Versuchspersonen keine bessere Oren

it in der Ver be

i

\

A REREREEREEEN]

der akmtischen Orientierung besser ausgebll
det sem kbmnten. Es zeigte nch jedoch — wie
€1 von Pruzewics & Gerwel (1964) fur dic

g
g
34
b
2
g
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Bel der monosurslen Untersuchung kann

the angle of incidence. An abilhy 10 rewenber i vy
the memxy for the timbee. For that res.

raan einzelne Fr der ver
gleichen, was bel Ver ung von Schmal
bandrauschen mlgikch ist. Es relgte sich je
doch nur ein sehr genngfgiges Ansteigen der
Fehlerzaht zu den hohen Frequenzen (Abb
2).

DISKUSSION

Laufzeit Phasen- und IntensitStsunterschiede
werden in verschicdenen Stationen der Hor
baha verghichen. Stdrungen dieser akustisch-
rdumlichen hoordination (Horizontalebene)
durch verschiedene cerebrale Prozesse wurden
wnter anderem von Matzker (1959) Nordtund
(1964) sowic von Szikzay & Giloning (1969)
beschrieben.

Es bleibt nun zu untersuchen  Inwleweit
Stdrungen des Richtungshbrens in der Venth
kalan — Im Sinne der oben beschriebenen Ver

h 1 — mit ¢ len LAsionen
zusammenhfnges dean e bt zo vermuten
daf bei besti SrofbimschAdigung
vor allem der Harrinde und threr Umgebung,
der Gedfichinusfaktor dieser Lelstung — das
Erinnerungsvermdgen fir Klangfarben — cf-
ter Storung unterlegt.

“ G Divils sind »ir s die wertwolle Mithitfe bet
Drarchffhrung dey Untersuchungen zn Daok ver
Tichtet.
SUMMARY

The faculty of soend-localizetion in the sertical saale

s besed on etber mechanhy than the
dutinction tn the borizontal scafe. The test-tiation
contists of 9 loudspeskers, ooc above the

Acta Ofolaryeg 78

sout It woukd seem to be of fterent 1o
pathents with cerebmal ethon. inx
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VASODILATATION IN THE NASAL MUCOSA OF THE CAT AND THE
EFFECTS OF PARASYMPATHOLYTIC AND 3 ADRENERGIC
BLOCKRING AGENTS

L. Malm

From the Depertment of Orlarymgology Mamd Genersl Hospiral Matms and the
Iasthiate of Pinsiology Undversity of Land Lund Sweden

(Recehved Janmary 31 1973)

Abstracr Stimmlation of the vidn nerve In cats
whide 2 cerain range of htensiter cvokes s o
crsed venouws flow from the noss and a decreased
srml patency  These effects are amumed to bo dos
0 vasciatation, which is highly reshisnt to the

prperidino-ethyl diphenyl-

agent,
scetarrade (Flocchst 9530). The asochlatation a3 not

In the cat, the vidian nerve consists of post
pnghoae  sympathete  and  pregangtionic
parsympathetic nerve fibres. The lallcr ﬂ-
bres synape in the per lath

owsly with pasal patency Stimulation of the
vidian nerve within certain Intenmties and
frequencies evokes an increased venous flow
together with a decrcased nasal patency and
this 13 taken s evadence of vasodilatation.
In ths investigation the vasodilatation was
studied by clectrical stimulation of the vidian
perve In the eat before and after parasym-
patholytic and f-adrenergic blocking agents.

METHOD
The cxperiments were made on 9 cats under

lndlhzlwzuulponnn;hon‘rcnr.rv:mxu
tnnervate the vemeh and supposedly the
glands In the nmsal mucosa (Malcomson,
199) Many investigators have reported that
the effects of sympathetic stimulaton of the
oasal mucom in dogs and cats are blocked by
oadrenergic  blocking agents  (Malcomson,
1959 Hall & Jackson, 1968 c g.). The cifects
of sumulation of the p ttonic perasym-
Pathetic fibres are known to be prevented
by mangliome blocking agents (Tschahussow
1913), but no reports are available about para-
Sympathetic after

{a wsing the methods de
scribed m a previous paper (Malm, 1973)
Venous flow from one nose cavity was ob-
talned from & vein emergmg from the ptery
gopalatine foramen and was recorded as drops
of blood by an ordmate wnter on a smoked
drum. Simuftancomly the pressure changes
in a water-filled balloon in the same carvity
were recorded on a polygraph. The restmg
pressure was 6 cm of water above the nosc
cavity When the vestels in the pterygomax
fllary foma were dissected under mbcroscope,
care was taken to tie the small vein from

Inlc agente. A method bas been deseribed
(Malm 1973), where venous flow from ome
gose cavity in the cat is recorded simultane

19 T

the ic gland because this gland may
be innervated by the vidan nene. The periph-
cral end of the cat vidian nerve was sitmu-
lated with a brpolar electrode at a doration

Ace Otolaryng 76
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Fig 1 Mean responses from 8 cats to simulation
of the vidlan nene at & frequency of 10/sec and at
various intensities before Hoechst 9980 (o—o) afier
Hocchst 9980 (8- A) aod after Hoechst 9980 and
) intrasenously  Ordinates from
abore pressure In the balloons In an of water above
the nose, changes {n the vepous flow o percemizpe
of ihe resting flow Abacicse, stimulation iniensity
(volia).

of 3 msce, at a frequency of 10 per sec and
et various intensities.

Acctyl-§ methylcholine chlonde (metha-
choline} atropine sulphate piperidino-ethy!
diphenylacetamide (Hoechst 9980) isopropyk
noradrenaline sulphate (isoprenaline) and pro-

ranolol hydrochloride were given intraven-

usly
4

RESULT

Previous cxpeniments have shown (Malm
1973) that when the venowx flow from the
nose and the nasal patency are investigated
under the experimental conditions described,
the threshold intensity of the preganglionic
parasympathetic nerve fibres Is about 3 volts
and of the postganghionic sympathetic about
4 V Even if both types of nerves are ac
tivated from 4 V and upwards the parasym
pathetic effects on the venous flow are domr-
pant up to about 8 V A decreased masal
patency appears, however only at 3 and 4 v
These observations, which were discussed in
a previons paper (see Malm, 1973) are seen
in Fig. 1 where the mean values of 8 cats

Acts Oslaryng 76

are grven as solld linex. The reults from one
of the cats are also demonstrated fn Fig. 2,
where 1t can be noted that when stimulation
ceased the venous flow and the pasal patency
generally returned to resting values I lew
than half a minute.

Stimulation of vidian nerve after para-
sympatholytic agents

After stimulation of the vidian nerve as de-
scribed above all the cats were given 2 par
sympatholytic agent One cat received atro-
pine and 8 cats Hoechst 9980, which 15 highly
specific as an antagonist to the mmcane
elfects ol acevyicholme {Schaumann & Lind.
ner 1951).

Some of the cats were fint ;iven 01 my/
kg iv of the parasympatholytic agents be
cause this dose blocks sccretory respomses
evoked by parasympathetic nerves to salbvary
glands (Emmelin & Henrlksson, 1953). St
lation changed the venous flow and the mas
patency in the same direction and to the suse
degree as before the parasympatholytic sgests
were glven. Then all the cats were giva |
mg/kg Lv This dose elimnated the elfects
both on the nasal mucos and on the biood
pressure of the ntravenously ghen parmsys-
imetic drug methachol When the
vidian nerve then was stimulated using vare
ous intensities the cffects on the venous flow
and the nasal patency m all cats were peary
the samec as before the parasympatholstic
agents. The mean differences of paired valocs
at stimutation before and after the 8 cats wert
given Hoechst 9980 were small and for the
venous flow at 3V 625% and at 4 V 415%
and for the nasal patency 0.210.1 and Q1T
01 cm of water respectively The mean vtk
ves are glven In Fig | Flg 3 represents &
continuation of the records from the B¢
cat asin Fig. 2.

The immediate effect of Hoechst 9980 ad
atropine was & blood pressure rise, & decTeEs
of the venous flow and an increase of U
nnmlpatcncy[naufm9cnu.lnlhcﬁ"
aining cat which was onc of the cals whch

path




ru 2. Cat, 31 kg, Respama bo stimulation at vark

ows intenddtics and a frequency of 10/sec of the
peripberal end of the et viiian nerve befare Floschat
9580 wi ghen The slfech of Hoechst 5930 and
blood Intravenonsly are also seen. Stksnlation penods

bad recelved Hocechst 9980 the venous flow
and the naml patency did not change but
the blood pressure rose. As a blood pressure

Vasodllatation in feline natal mucosa X719

Hou:hl#w Blood
W0ml v

and mjectioes (dgnal upwarth) are marked uader
balloon

du:rn.l!dhllou|mtmnhnhﬁtucd
patency

creased venous flow and Increased pasal pe-
tency

tise of about the same itede evoked by
blood or saline intravenowly always increases
the venous flow and decreases the nasal pe
tency (see Fig. 2) the cffects of the para
sympatholytic agents per 2 scem to be de

of vidian nerve aofter a
B-adrenergic blocking agent

Gautvik (1970) has demonstrated that pro-
pranolol is able to reduce the vasodilatation
in mlivary glands after stimulation of the
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Propranolol 8lood
1mg kg | 10mi 1y
180

o-nuraa~ 58

Fig 4 Coutinmation of Flg. 3 The
pranolol are first seen. Tho

effects of pro-
to

after Hoechst 9920 and propranalol et thes gha
The

parusympathetic nerves and has shown that
1t decreases the formation of bradykinin. In
order to investigate if such a blocking agent
has an effect in the nusal mucosa, the cats,
which had received Hoechst 9980, were given
1 mg/kg propranolol intravenously The mm-
mediate effect was & decrease of the blood
pressure, a decreased venous flow from the
nose and an increased nasal patency About
an hour later when the blood pressure had
eturned to normal or nearly normal values,
£ vidian nerve was stimulated as beforc at
Yarous intenmities. The mean differences of
paired values at stimolation before and after
the 8 cats were given Hoechst 9980 and pro-
pranolol were for the venous flow at 3V 10+
9% and at 4 V 22+ 8% and for the nasal
patency 0.3+01 and 03+02 cm of water
respectively

The mean differences were greater than
after Hoechst 9980 alone but they were still
not significant. The mean values are given
in Fig. 1 Fig. 4 rcpresents the contmnuation
of the records from the same cat as in Figs. 2
and 3 and it can be seen that after Hocchst
9980 and propranolol the venous flow and
the nasal patency at sumulstion return to
resting values in about the same time as be
fore.

Acta Otolaynz 76

and the | e were 1 in Fg 2

The effects of intravenoutly given metha
choline both on the nassl mucosa and ti
blood pressure could be eliminated by Hoechsl
9980 The pressure fall, caused by boprem
Line was fornd to be abolished by proprandal
in the time period during which the stimiz
tion cxperiments on the vidian nerve wert
done. The cffects of isoprenaline oa the nast
venous blow and patency could, however ot
be elumnated, only reduced by propranoiol
This relative resstance to propranclol, whidt
has been demonstrated in nasal mocoss of
dogs by Hall & Jackson (1968), will be sab-
Jected to a later mnvestigaton In cats.

DISCUSSION

Vesodilatation when  stimulsting  paresyo-
pathetic nerves can for instance, be scen B2
salivary glands. It was a matter of discussoe
fornmnyyunilthcinmn!bloodfb'
is duc to activation of vasodlator nerv
bres or to formation of a vasodilator agest
(Hilion, 1960 Schachter 1969). Gouhlt
(1970) has, however demonstrated two phaxs
of vasodilatation on the submaxilary giasd
of the cat. One of the phases s brief and B
assamed to be due to activation of vasediatr
nerve fibres, the other 15 longlasting asd 8!



tributed to releasc from glandular cells of a

bradykininreleasing enzyme” called kalli-
krein and formation of a vasodilator poly
peptide, bradykinin or kailidin, The pasal mo-
cosa s nichly supplied with glandular cells
and 1t scems possible that vasodilatation there
100 can be evoked by the two mechantsms.

Heldenhain (1872) and many investigators
after him found In experiments on slivary
ghands that the vasodilatation caused by shm-
uhation of parasympathetic nerves is hughly re
ostant to atropine. A simflar reustance of
the vasodllatation fn the nasal mucosa to-
wards parasympatholytic mgents can be seen
in the present experiments. When the vidian
perve was stimulated withdn & certaln range
of intensities atropine and Hoechst 9930
seemed to bave no or very linle effect on
the vasodilatation.

The symptoms of vasomotor rhinith in man
are meering, watery searetion and nasal con-
gestion. During attacks an overactivity in the
parasympathetlc nerves Is supposed to occur
{Golding Wood, 1961). If it i 50 and if para-
sympatholytlc agents have as little abflity to
prevent vasodilatation in man as in the cat at
an increased activity in  parasympathetic
werves, these agents ought to be of po use
tfinst the nasal congestion i vasomotor
thinitk. Tt may be worth while, however to
fnvestigate if the small effects of decreasing
venous flow and increating nasal patency
which the parasympatholytic agents were
found to exert and which were not further
amiyied, occur fn humans also.

Davey et sl (196%) suggested that adren-
el Preceptors play  role in the chorda
Mediated vasodilatation in the submaxillary
thnd of the cart Skinner & Webster (1968)
reported that the combination of propranolol
2d atropume could reduce the chorda-evoked
vasodilatation more than each drug alonc
Gamivik s (1970) experiments on the same
thnod did not support the view that f
Teccplors are important for the vasodilatation
aamed by vasodilater nerves, but he foumd
that the bined actlon of pr lol and

V asodfatation in feline nasal mucosa 2381

atropine affected the kinin-dependent veso-
dilator mechaniom. According to the present
experiments propranolel given after Hoechst
9980 did pot change the magnrtude of the
vasodilatation significantly but there was a
tendency to reduction. To take this as evi-
dence of the exmtence of a kinin-dependent
vasodllatation {n the nasal mucoss may how
ever be premature

ZUSAMMENFASSUNG

Bd Reinmg mit besttmmten Interahilten de3 Nenvm
Vidisnig von Katren srhalt mun eine erhShie venlse

Propranolal,
dilatatorische Mechantmen werden dokuthert.
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SCANNING ELECTRON MICROSCOPY OF THE
NASAL MUCOUS MEMBRANE

M. Okuda and T Kanda

From the Departmant of Otclersngology Vakesante Medscel Collepe Wakayors and
Department of Orlarmgology Chibe Umrersity School of Medicrne Chibe Japen

(Recehed Janomry 13 1973)

Abstrect. The siroctwres of components of the ol
mmcom

mucous membrane (Barber & Boyde 1963
Grazmadel, 1970) The present study also shows
that the i d of the ing elec

sl pattern of the dnner wall of the secretory
docts,

A number of studics of the structures of the
naw] mucous membrane have been made by
means of the light microscope and the trans
mmijon clectron microscope. Even though the
sructures, including the normal and involred
condition, are well known, many problems
coocernmng thelr detafl remain to be studied.
The purpose of the present paper is to demon-
srate the hivtologic pctures of the compo-
ncnts of the pasal mucous membrane such
s the cilha, mucrovilll, epitbelial lining cells,
the veuels, connective twme fibres, ground
substance, the secretory gland, and duct.

Both rabbit and human specimens were ex
ammed fn three-dl } by

tron microscope into biological research has
revolutionized the study of surface structures
of blologleal specimens, as described by Bar
ber

MATERIAL AND METHOD

Specimens examined In the experiment were
as follows:

Sampie I A small plece of human nanl
polyp a3 well x3 the mucous membrane of
the lower border of normal or affected in
ferlor turbinate, were obtuned by punch for
ceps for tuopsy without any local anesthesla,
in order to avold mnjury to the tisue.

Somple 2 The ciliated cells were holated
by scratching the surface of the normal m
fenor turbinate in the human. In this way
the curette for the nasal operation made an
superficially and gently along the surface %o
as not to be assocaated with pain and biced-
mng. The mmple obtalned, combting of the
nrucous, lmung epthelial cells, lencocytes, and
30 on, was then rinsed in saline and placed
on the surface of & coverglasy, being sub-

means of the scanning electron microscope
a3 deseribed by the present authors in s pre
vious paper To date, studies umng animah
bare mostly examined the cltis of the nasal

ly disintegrated with the back of the
curette. Thereafter they were allowed to alr
dry

Sample 3 White rabbit, welghing approx
imately 2 kg were killed by alr jnjection and
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the anterior portion of nasal septum includ-
ing the cartilage was removed.

Sample 4 A small plece of rabbit nasl
septum  obtained by the same method as In
smple 3 was scratched on the surface on
one side, and the overlying mucous layer and
lming epitheha were removed by the same
method as in sample 2,

Both specimens thus obtalned were rinsed
and washed clear of blood after which the
mucous covering the specimen surface was
shaken gently and repeatedly in saline until
the saline remained clear Samples I 3 and 4
were then cut vertically down to the epl
thellal surface with a mror blade, forming
5 mm squares (spprox.) All samples, includ-
ing no. 2, were fixed in cold 4% cacodylate
buffered glutaraldehyde for 4 hours in the
refrigerntor  The fixed specimens were kept
in cold 0.05 M cacodylate buffer solution un-
til requred. They were then dehydrated in
graded acetone solutions of 70% 80% end
99% followed by two changes of absolute
acetone, and allowed to air dry

Some specimens of sample 1 were trans-
ferred to mmylacetate after dehydmation m
the meetone series and dried by the critical
point method according to Boyde. The cilia
™ these specimens were examined. The drled

cimens were mounted with adhesive silver
fite on specimen carriers in such a way
that one had the frec cpithelial surface of
the mucous membrane np and another had
one side of the sectioned surface vertical to
the epithelial surface up, in each of samples

tion oftbet.hmcbyu:\nlhktmﬁcud,
nique was performed. Anotber part of t
smme was ined s
clectron microscope after fixation In 2% 050
in cacodylate buffer embedding In Epon 22
sectioning and staining in urany! acetate an
lead citrate

RESULT

1 There s¢em to be two Linds of mocoe
covering the surface of the mucous mem
brape, differing jn the easc with whick the
can be washed out by salme rinsing. Ooc type
which sdheres to the tips of groups of dl,
Is very difficalt to remove completely the
other which fills the spaces among the cla,
15 easier to wash out (Fig. 1)

2. The individual cilia scen are approv
imately 5 #m in length and 0.2 gm 0 width,
and appear doll at the tip uniform in s2e at
the shalt and have numeroms fine stripes oo
the free surface. Numerous cila from coe
cell are grouped and wave in & certain dmee-
tfon together with the adjacent groups of ¢l
although each clllum of one cell showed et
chronal motion (Figy. 2,3 4)

The isolated ciliated cell of sample 2 tapets
off at its proximal portion and is seen 10 be
rougher on the outer surface than when sccr
by tr electr pe (FIg. 5

1 A number of groups of microvilll were
scen among the groups of clia. On the free
surface of the specimen of the nasal poifp
cell boundaries of groups of microvilll wers

1 3 and 4 The surfaces of the d specl
mens were then thinly vacmum-coated with
as little as approx 200 A of carbongold 1n
order to render them clectrically conductrve
The specimens made were examined on the
specimen stage 2t an angle of 45 at between
5 and 20 kV at accelerating voltsges by JSM
U3 wanning electron micrescope (Japan Elec
tron Optics Lab. Co) A part of each sample
obtained was also prepared for histopatho-
logkcal study by light microscope Paraffin
embedding and subsequent routme prepara
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discriminated. Al microvilli, cronded a3
regularly arranged on the ceil susface were
of short club-Hke appearsnce and approX
jrately 500 m number per cell The cel »lth
microvilli was presumed to be a goblet ced
6).
(Fig Asotber type of lining cpithelial cell was
seen on the free surface of affected muecows
membrane instead of the clliated cpithel
This was clongated or rounded In shape,
rough on the surface and loose i conmiet
tion to the adjacent cells. These cddls wefe
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membrane ks partly koat, and the
strocture of groop of cifia (t)
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Fig. 5 Tsotated ciMated cell of
normal beman Wlerior torbinate.
3000 View of the clllated cell.

he cuter surfece. Nomeronns citia
() gron op through the freo sor
acx of Lhe cells.

Flg. ¢ Humsn oaal pobyp

dod, repulstty
the cefl surface and ha e a short
clablike apperance.
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Fig. 7 Imohed Mumsn ioferior
turidnate. x 1000. Liviog of
squamous ceil Both fres (4 )m
sctioned surface (+-) of U
mocous membrane are together
viaBzed. The free sorfsce
covered wlth cefta (=) doubr o

Fig & Rabbit nxal sepus.
x 3000, The besal cefts of i
Lining epithelarmn. Nemocross £
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Fig 9 Humam nxwml poiyp.
x 10000, Sectioned surface of the

boadles of fing fibers ( 4 ), belng
conered partly with the maw of
sround snbitance (4 )are vl
bed. Sowe of the bondles reveat
regolar fise tripes («) on the
outer srface,
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Fig 11 Nomnlhnmﬂh!erh
nurbinate. x 3 000, Desme ek
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Flg. 13 Auman knferior torbinate
with hypertrophic ridnitls, 1000
Scctioned serface of the mucos
membeane, The trocters wkh
hmoen f pomibly ghendutar duct.
The lnger wall shows a spirel pat
term (1) wrtboot any structure of
ning epitbellal eell.

pecthve bwoe fiber (=) are
marked
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presumed to be metaplasin of the epithelial
celf to squamous cell (Fig 7)

5 Dudng scannfog of the free epithelial
surface of tample 4 numerous polygonal or
N d eells appeared having
microviltllike processes on the oater surface
The intercellular commection appeared 1o be
looser and iIntercelhular space wider than in
the ciliated cells. There were ntercellnlar pro-
cesses connecting the adjacent cells wath each
other These cells must be the basal cells of
the hafog epithelum (Fig. 8)

6 Duning scanning of the sectioned surface
of the mucous membrane, the subepithelial
tayer was seen to be packed and covered with
a homogeneous gelatin-like substance, thus
the detafl of structure of the layer was ob-
scure except 1n the ares where the gelatin-
like substance was absent. The substance ap-
peared to fncrease, become swollen and to
soften in naml polyp or involved mucous
membrane a3 compered with the normal one
(Fig. 9

7 Many bundles af fine fibers, being cov
ered partly with the mass of ground sub-
stance, were visualized. These varfed fn size,
distribution and running direction. The in-
dividual fibril ran and formed bundles, but
af the same time separated and branched con-

cting the adpcent fibril and forming net
’.‘t/rk..Thcﬁbrﬂmprcmmedmbccol—

*; agen fiber end the branches as the so-called
reticulum fiber Some of the bundles revealed
regular fine snpes on the outer surface (Fig.
10) It was not determined whether the stripes
were the same a1 that of the coflagen fiber
found 1 transmissfon electron microscopy or
came from nartificial shrinkege and the
burdies were really collagen or elastc fiber
nerve fiber

8. The venous vessels, differing in size and
shape were observed. In the wructure of the
inner wall the endothelia were not seen but
2 sumber of fine pores were divtributed uak-
Sormly (Fig 11

9 Stuctures with lumen were cros-sec
tloned. One was elongated and its mner sur
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face showed patterns of villus differing bn sbr
and form such as clonpated, round or oral
The appesrance of secretory granales & ako
vismalized on the wall (Fig. 12). Arother v
wregular o form without any structore of
lining cells but showed a spural pattern on
the surface of the inner wall The former
seemed to be wectioned secretory gland and
the Iatter secretory duct (Fig 13)

10, When the speaimens were mde by
peraffin embedding and subtequent roote:
preparation of the tisne by common hisk-
logic technique, srtifacts such as shinkege
of the tissue or disappearance of the grosnd
substance and mucous blanket were -
duced (Fig. 14)

DISCUSSION

The structures of components i the masd
mucous membrane were vismlized as theee
dimensional pictures by means of the soom-
mg electron microscope and some new (Kl
were detcribed. The resolts, however coud
be predicted from previous descripiion by
transminion electron or light microscope.

In preparing speciment, the picture of te
mucous layer covering the wurface of the
membrane is Jost in the tramsmissbon clecirog
microscope, while in spite of careful wasksg
of the specimens, jt remained and distorbad
ohwervaton in the scanning electron mire
scope As @ result of the difficulty in the re
moval of the mucous layer in the pft::
ex| cnt, it 15 known thay there art
kinv::hzf mucous, a5 Proctz (1943} slreadh
polated out. One is thicker and adhered 10
leipuhbccﬂhformnspcﬂ(n;whﬁﬂ“‘
on the muocous bianket and the other I8 [LCg
ner to help cilisl movement.

T‘bcmrj;uennmmnfmemmvﬂultﬂh
{1 the same a3 demonstrated in the trasme
siom electron microscope but the tips of B
chia are duller and less tapered than & P
vious description (Rbodin, 19%9)- Fﬂ“h:
more patterns of stripes on the srit



the ¢llin can be clearly seen. This pattern
& pointed out as an artifact due to shrinknge
by Tokunaga ct al. (1970) It is chamacteristic
hn the present experiment, that the wavelike
arrangement of the motile cllin s maintained,
as In vivo Including metachronal motion of
individual cilia and leaning of groups of cilla
In a certain direction. The pettern of micro-
villl on the goblet cells ks clear In the present
experiment, showmg club-like shape and
variation of number from cell to cefl. The
pumber of goblet cells In the nasal polyp and
mvolved mecous membrane examimed in-
creased compared with other specimens.
Beneath the layer of ciliated and goblet
cells, an arrangement of polygonal cells with
rumerous microvilli-like protoberances on the
outer surface can be seen. These arc the
banal cells. From transmisdon electron micro-
scope picturet, the structure of the basal cell
can be imagined (Rhodin, 1959) bat in the
present paper the surface structure s vinml
{zed to understand more easily in desmosome
Bke 1, il the pe:
tike arrangement, flat polygonal shape and
microviliHike pattern of the outer surface.

Through the transmisson clectron micro-
wope, the ground substance which fllls the
intercellnlar space s seen as a homogeneous
electrondense material with scattered de-
posits of staining metal in fine granules and
can be scen by & special histochemical method
for fn Lght In the
present experiment It can be observed as a
telatiolike substance covering the compo-
Tents of the mucows membrane. It is clear
which of those B best for real exprestion.
Furthermore, sines it appears to be softer and
increased in nasal polyps In the present
method, a pathophysiological meaning or
function of the ground substance can be
Yearved, such as that it Increased in involved
mucons membranc and absorbed exudate and
woon,

A vivid three-dimenslonal vinulimtlon of
1he connective thssue fTbers was also examined
I the present method. Namerows fibril-mak
2 T
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ing bundles, or fine meshworks, run in varr-
ous dircctions, not only paralie]l to the basal
membrane but vertical or transverse, The fi-
trilforming methworks are so-called retic
ulem fTbers and the group of meshworks
yust beneath the basal membranc are the base
ment membrane in light microscopy

On the Inner surface of the wall of vemules,
numerous pores can be scen by the present
method. As Caona (1970) described, these
venules of the nasal respiratory mucosa are
characterized by pores and discontinuities in
their endothelal b b epe
clally designed for the rapld passage of fluid
and high molecular solotes throngh the vas-
cular wall in poctares of the electron micro-
scope of the transmission type.

The structure of the fnner lumen of the
secretory gland and duct alio can be seen
in crosssectioned specmmens. The lummal sur
face of the secretory gland is composed of
villos or microvillus, patterned in an irregu-
hrly shaped balHike mass of sccretory gra-
nola and elonguted processes. The luminal
surface of the duct as it appeared In the pres-
ent picture bs smooth with a spiral pattern
as was presumed. These are the same as seen
in tr : electron mik PY

It has been reveaked in the present cxperi-
ment that the structures of components of the
nasal mucous membranc can be visnakred in
three  dimenslon  at  high magnification,
though the observatlon is limited to the sur
face However the method still bas jts prob-
lems. During the procedure of preparing specl-
mens, artifacts such as shrinkage can be in-
troduced (Morovitz et al, 1970). Coating by
carbon and gold for electric conduction cov
ers the tissue surface and changes them from
what they are. Identification of cither com-
ponent of the tissuc also awalts further study
One difficulty for cxample, is that the Inner
structure of the thsue camnot be seen and
the histochemical method cannot be epplied.
In spite of all these unsatisfactory polnts, the
uwse of the scanning electron mucroscope will
cliclt a great deal of information on the struc
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PSEUDOCROUP WITH STRIDOR

K. Flisberg and R. Olshoht
From the Deporiment of Otolaryrtology Comtrel Hospitel Keristed Swedem
(Recehed January 6 1973)

For many ycars the treatment of pseudo-
croup has taken the form of nosedrops, cough
mixtures, sedatives, and vapour [nbalations
Sub T lotics were Included, In

sprte of the viral origin of the infection. Over
the years, penrcillin has come to be the most

Papers describing the symptoms of prendo-
croup have been published by Ingelstedt &

b wsed In cases where anti-
blotlc therapy s considered necermry Anti-
blotics mre given to combat any possible sec
ondary bacterlal infectton. This bs all the more
jostified when corticokds are being ghven, be
cause of thelr posxible immunosuppresave ef
fect.

Corticoids have been used In the treatment
of psrudocroup unce the begimmmg of 1950
and very good results have been reported by
Nilson & Olow (1954), MArtennon et al
(1960), Leegsard (1960), Ingelstedt £ Tibbling
(1966) Roxws (1969) hinnman (1970), Andreas-
son ct al (1971). The domge hay gradmlly
increased from small amomnts up to large
dases of 100-200 mg sometimes with repeated

Tibbling (1966) Kinnman (1970) and others.
Briefly the symptoms are

[ Severe backing cough.

2 Stndor

3 Anxiety due to a fecling of suffocation.

4 At inspirauon the jugulum and cpips-
thum are drewn In, a1 b5 the in at the
intercostal spaces. Expiration fs rarcly af
fected.

5 In most cases onset occurs dunng the night
and & asocated with an upper atrway in-
fection of virus type.

fon. Corticalds have been adminis-
tered In the form of & watersoluble prepars-
ton by intramuscular fnjection, which pro-
duces a mpd increase In the corticoid concen-
trathon in the blood. Recently corticolds in
tablet form bave also been used m the initual
phase of pseudocroup. The sdvantage of this
form of treatment ks that it can be carned
out even at the patients home. The reslts
have been reported as good.
ACTH has been tried in the trestment of
pscudocronp by Kech (1954) This medica-
ﬂm}mxmfw{gumlybecnuscdlnhryn-
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gotracheobronchits, but with uncertain re
sults (Turner & Morgan, 1952).

Table I Children with pseudocroup En-pticats,
April 1971 10 March 1972

Teo cases of p oup d by
congenital laryngea) stridor were treated with
ACTH In the form of Synacthen Depot (Ciba)
dunng 1971 at the otological clinic in Karl
stad. The effect of corticolds in thesc cases
had only been transent, The results obtained
with ACTH therapy were very good (Flisberg
& Olsholt, 1971). This therapy was subse
quently nsed in several similar cases and even
in children with decannulation problems fol
lowing tracheotomy

Alm of the invenligation

Since ACTH therapy appeared to be effective
In pscudocroup it was decrded to compare
the results of ACTH therapy in the form of
Synacthen Depot (Ciba) with those of cor
trcoids in the form of Solu-Glyc (Erco) in pa-
trents with psendocroup accompanked by in
spiratory stnidor

Trial preparations
Synocthen  tetracosactrin (1-24  cortico-
trophin) fs a synthetic ACTH preparation
containing the first 24 amino acuds of natural
corticotrophin. Adsorption of the active sub-
stance to & zine hydroxyphosphate complex
fves the preparation a  depot  effect
synacthen Depot) which gives an increaxed
plasma cortisol level 30-48 hours after the
mjection (Spacthe ct al, 1966 Rausch-Stroo-
mann & Petry 1968, La.)

Solu-Giyc Is a watcr-soluble hydrocortisone
salt (bydrocortitone todfum succinate) which
is quickly broken down into free hydrocorti-
sone in the blood. By both intravenous and
mtramuscular infection a rapid increase in
the blood cortisonce level occurs after only &
few minutes.

Patient material

266 children with the diagmosis of psendo-
croup were treated at the otological clinic,
Central Hospital, Karistad between April
1971 and March 1972 (Table I). From these
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Number of chikdren
Tota! in-patkents with preadocronp
with pscudocroup  and strider
Boys 209 kel
Qi 5 kL)
Totaly 296 103

only those patients with the typeal symp
toms of pseudocroup including inspiratory
stridor were selected for the study Of the
children treated at the hospital, 103 (4%)
fulfilled this criterson. The sex and age disv
tribution of these patients are shown in Tabk
I

As the patients were admitted to the siody
they were allocated to treatment with Sl
Glye (100 mg fm.) or Synacthen Depot (05
mg Lm.). Thns, every second patient reeened
Solu-Glyc giving a total of 52 children trrated
with this drug and SI children trested wih
Synscthen Depot. Four of the children i bt
study with the diagnosis of pseudocroup wik
inspiratory stridor had already been treated
n hospital on scveral ocaasons. The i
dren were treated cither with Synactbea De-
pot or Solo-Glyc according to the randomiz-
tion schedulo described above.

Apart from this treatment the patients I*
cetved routine antihitamine therapy lo
form of Lergigan cough mixture with botk
cxpectorant and  anti-tussic propertiss, [t
nose drops (Otrrvin Ciba) Children with feref
received penicillin in the form of Cakooper™
(Leo) in the appropriate dosage.

Table I Sex and ape distribution of chidren 54

pseudocrowp and stridor
podocroup awasirioer
P Bop  QGats Tt Y
_______—4.———'/
<2 » 2 2 4
24 19
>4 27 6 a 7
n [Tt 10



Tabke IIL Age and sex distribution of children

Pseudocroup with siridor 297

prriver o
treated with Symocthem Depot or Solu-Glye pe—
Boys Girh 2]
Ape Synacthen Synachten
(yearn) Depot Solu-Glyc  Depot Sola-Glyc 20}
<2 14 13 13 3
24 10 9 4 2 1.
>4 6 16 4 2
Toah ko 40 21 12 0
In order to compare the effect of the two 1
treatments, the tme Interval between the I_JD'—“—-”'—”—”-]
Synacthen Depot or Solu-Glyc injection and ) 2 o 3 P 4 am 5
the ppearance of the . y stodor Tore b
was establihed and recorded as -ocumxely
Fig 1 Durxtion of siridor in 50 patients after treat.
=3 possible. The patients were m“:nl\h.h D. One e e
carefully observed. thent wxcluded.
RESULT

Of the total of 296 hospitalized children, 70%
were boys and 30% girls (Tabke I} This pro-
portion is mumilar to that reported In other
investigations.

Of the total number of bospitalized chil-
dren 103 (34%) had inspiratory stridor re
quirng treatment with corticokds or ACTH
(Table III). Of these, 70 were boys and 33
were gith.

Tuble II shows that 49% of the children
with {nspiratory stridor were under 2 years
of age, 64% of the girls and 41% of ihe
boys falling m thhs age group. Approximately
75% of all the patients with inspiratory
stridor were under 4 years of age 32% of
the boys and 18% of the girks were aged over
4 years.

It was difficult to establkh with accuracy
the doration of the wnspimatory stridor fol
lowing the Injectlon of cither Syuacthen
Depot or Soln-Glyc. One bas assumed that
every form of fspiratory stridor should have
disppeared when the point of time was fixed
In Figs. 1 and 2 the demation of stridor b
Ulustrated.

In the petients treated with Symacthen De-
pot the insph y stridor dl ed
average, 120 minutes after the injection. In
the patients treated with Solu-Glye the In-
spiratory stridor disappeared on average 100
minates after the Injection The effect of
Solu-Glyc was thus somewhnat more rapid than
that of Synacthen Depot.

Six tracheotormes were performed during
the period of the study le in 2% of the

Fig. 2. Dumution of stridor In 47 pathents after treat
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total number of patients treated for pseudo-
croup. One of these cases was treated with
Synacthen Depot and 5 with Solu-Glye, In
one or more Mjections. At a later analysis,
at least 3 of the tracheotomlred children
showed symptoms more charactenstic of
laryngotracheobronchitis than of pscudo-
croup. All tracheotomized children were con-
sidered as being too exhausted to be demsed
the benefit of tracheotomy The use of drug
therapy alone, in the hope of obtaning an
improverment was not considered to be jus-
tiffed.

DISCUSSION

In most cases of pseudocroup corticold ther
apy has completely changed the course of
the disease. The duration of the illness is con
siderably reduced and this is reflected in o
reduction in the mean duration of hospital
treatment (Andreasson et al 1971) Further
more the number of tracheotomies performed
has declined remarkably (Landberg, 1963 An
dreasson et al. 1971) In some of these cascs
however relatively high corticofd dosages are
necessary  often repeated several times and
somectimes for several nights in succersion.
The risks of short term corticold therapy are
wonsidered to be very small and can be com

s y disregarded with the dosages used in

oup. With long-acting ACTH pre-
perations, In the form of Synacthen Depot,
one obtains prolonged stmulation of the adre
nals. It should thas be posmible to avoid re
peated injections.

On the other hand one does not get the
samc rapld Increass in the plasma cortisol
level with ACTH prepamations as with hydro-
cortitone. This 15 probably the reason why
the insplratory strrdor disappeared somewhat
more slowly with Synacthen Depot than with
Solu-Glyc. However the difference between
the elfects obtained with the two preparations
fs consdered to be of very small practical
importance.

In ths study rather = high percentage of
tracheotomles were performed. However i
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the three cases with preudocronp sccom.
panied by signs of laryngotracheobronehits
are fuded the incid of b '
in all the hospitalized patients f3 1% Even
this percentage 13 high compared wih tbe
findings of Andreasson et al. (1971). This may
be due, among other factors, to geograptial
conditions as & result of which these childrea
came to the hospital for treatment at a veny
late stage. The children were often so ill thyt
it was not posyible to awast the effect of drag
therapy The number of tracheotomized chi-
dren in the Solu-Glyc group was higher than
1 the group treated with Synacthen Depat.
No conclusions can be drawn from this, siace
many other factors are akso Involved, for b
stance the duration of the symptoms, patkenls
anxiety and pervousness, infection [fow
fluid balance ete.

It can generally be said that the effect of
ACTH was better than really expected It &
assumed that this was due to the sustased
high plasme cortisol level obtained with pox
erful ACTH depot preparstions. The resalts
of the study also suggest that ACTH stlme-
Intes the adrenals even In stress situsbom it
children with pseudocroup, where maximest
adrenal shimulation i1 already to be expected

An old rule says that the symptoms 1a psc¥
docronp can be expected to continue for
long after the start of treatment as [ 1]
present before the sart of treatment. Tis
was postibly true before the advent of corth
cofds but the rule may still be borne In mbd
andanpcrhnpsmveu-guideintbedﬂh
of therapy With a long case history the sab-
glottic oedema fs likely to be more marked
and for this reason will require a longer P
riod before regression I obtained. In thex
cases it seems more approprate 1o use & P
paration which cffectively increases the cor
ticoid level In the plasma over & longer perod
The effect of hydrocortsone preparatoct
would probably be too brief to exert 8 favot
able Influence on the mucous membrans
dema. A long-scting ACTH prcpar-l*ommf;
ever leads to an fncreased plasma




level for up to 2 days. Tn this way it should
in many cases be possitle to avokd repeated
injections.

Facouraged by the good results obtatned
with Synacthen Depot In psendocroup, all
children with pseudocroup sccompanied by
inspiratory ttridor belng treated at the oto-
logical clinic, Central Hospital, harlstad, now
recelve Synacthen Depot as a matter of rou
tme in addition to the usual baste therapy

ZUSAMMENFASSUNG

Set mehreren Tatren it Hydrocorthon in der Be
andinng der skuten subglotthchen

Bel den Kindern, dle Synacthen bekarsen, bt
der lnplr ch nach 120
Mumten  erschwanden.,
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ULTRASTRUCTURAL STUDY OF THE HUMAN
ANTERIOR PITUITARY
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(Recehed March 14 1973)

During the last decade the fine structure of
the hypophysls of many animal species has
been studied with the clectron mucroscope
But owtng to the necessity of immediate fixa
tion, the ultrastroctural study of the human
pituitary has been himited.

Our study Is concerned with the morphole-
gical events of hormone sccretion and the
classification of ccll types in the human an-
terior pltuitary As most of our Injtial invest-
gations have been on pathological material,

y tentative conclusions regarding the nor

llmtc can be drawn now A more precise

~»nt of the fine structure of the human
" «y will be obtained when more glands
from patients with a varety of pathological
dff have been d.

Surgeal removal of the pituitary gland us-
g the paranasal transcthmotdo-sphenaldal
technmque (Escher 1957 1965 1966 1970)
allows cxcellent tissue preservation, since the
tissue can be fixed immediately afier severing
the blood vesels. For the present work hu
man pituitaries were obtained following hypo-
physectomy for the rellef of carcinoma of the
breast or of insulin-resistant diabetes, as well

Thh work was supparied by & grant from the Foods
s No

as for primitive tumours. The glands were
fixed In 4% phosphate-buffered glutzraide
hyde, postfixed m 2% osmum tetroxide, de-
hydrated 1n ethanol and embedded jn Epae.

In anmals it has been shown by auten-
diographic studies /n viro (Racadot ct af
1965) and in vitro (Tixier Vidal & Piar
1967), that hormone blosynthesls occurs i
the rough endoplasmic reticulum. We fomd
the roogh endoplasmic reticulum of humas
pitutaries ta be morphologwcally simllar 1o
that of animal pltuitackes. This cellular com
poncnt 15 composed of a network of doabie
membranes forming cisternae  vesicles aed
tobules. The outer surface of these mem-
branes are assoclated with mnﬂ‘ partks,

tolms

the rft T
(Fig. 1)

'Fhe material synthesired in the rough ende-
plasmic reticulum appears to move toward
the cisternac of the Golgi comples, another
membranous gystem where the formaton o
secretory granules takes place (Fig. 2. Co%
slderable variation occurs In the shape 8¢
and opacity of secrctory granules from 0%
cell type to another Such differcnces e
permitted the morphological classificatron

lated anterior pituitary cell types (Fo

Natlonsl Sulse de ls Rech

3299 0
The paper wm read by F Escher Collepwm

ORLAS. Berme Sept. 13 1972,
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cin, 1966 Berghnd & Tomck, 1969 Pait &
1970) As indicated in Fig- 3 ¥
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Ultrastructure of human anterior pitidtary 301




302 C. Rufeneretal,




Ultrastructure of human enterior pituttary 303

F g 3. Beshdes the secretory
grazules (4 ). a hsosome (L)
with two panuky and & acoo-

F g 6 Pouttary cell o a hugh
secretory state charscterized
by nomerous vedeles (1) con-
taining pale, homoprnous me-
terial.
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were abo able to find at least 6 different
granulated cell types in the human pituitary
These may be related to the synthesis of six
different hormones.

From the Golg1 complex, the secretory
granules migrate to the cell periphery and are
deltvered by exocytous sccompanied by fo-
slon of thewr hmiting membrane with the
plasma membrane (Fig 4).

REFERENCES
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Under conditions of reduced d d for
hormone product, the cell can achieve the de
gradatron of excess secretory material (Smith
& Farquhar 1966) Granule may become in
corporated in lysosomes. There they nndergo
progresuve digestion under the action of the
hydrolytic enzymes contained in the lysosomes
Fig. 5).

Under conditions of increased demand for
hormone product it appears that the conden-
sation of the secretory material by the Golg
complex may bc bypassed (Farquhar 1971).
The cytoplasm of such e cell is occupied al-
most entirely by dilated vacuoles contaning a
flocculent pale material (Fig. 6)

The excellent preservation of ouor thsue
achieved by Immediate fixation after surgrcal
removal allows a detafled ultrastroctoral study
of the human phtustary The preliminary re-

presented here suggest that the fine
wdcture of the human anterior pitaitary may
“esemble that of the ammal gland with re
spect 1o the mechankym of hormone synthesis
and release as well as to the variation in num-
ber of different cell types. The further com-
parison of our observatons with the finc
structure of the animal gland 1n different ex
penimental conditions will permit a better
nnderstanding of the secretory cvents in the
human pltuitary and will constitute an ap-
proach to clucidate some of the pathological
problems 1n man
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TEMPORAL SUMMATION IN THE ACOUSTIC STAPEDIUS REFLEX
MECHANISM

G Djupesland, A. Sundby and G Flottorp

From the Em Now €xd Thromt Deparimest and The Insdtate of Asdiology
Rikshaspisaet University Clinle Osto Norwey

(Recetred February 12, 1973)

Abstract. Temporal summation fn the scoustc Hs-
padimy reflex mechaniun wes stwdied by montoriag
acomtle bnpedance changes at the car-drum. The re-
waits show that the duration of thort aconstic shmoll
(Cwhite nole™ and 1/1 octrve bands of nokec) kas

Psychoacoustic experiments have established
that the loadnen of short sounds vares with
their duration. Withuin certain limits the in-
temity level has to be decremsed by roughly
10 dB when the duration of the stimulus b
incressed by a factor of 10, to malntain con-
stant loudness. This funcuon bolds truc for
sounds with narrow frequency spectra at in-
tensity levels from the hearlng threabold to
the upper practical mit A somewhat differ
ent relatronship exists for broad-band nolse st
the threshold level (Zwislockd, 1969)

The relationship between londnes and dur
on of short sounds has been cxplalned ay

Jocus of temporal summation is {n the cen~
tral pervous system (Zwlitlockd, 1960, 1965).

The acoustic stapedius reflex in man seemy
1o be lovdness-govermed (Metz, 1952, Jepsen,
1955 Thomsen 1955 Ewertsen ct al, 1958
Klockhoff 1961 Ross, 1968 Flottorp et al,
1971 and others). Reflex contrsctions of the
stapedins muscle are most probably clicited
when the neural sctivity fn the soperior olivary
complex exceeds a certain level. If therefore
the terporsl summation occurs at or below
the level of the superjor olive the effect on
the acomt stapedius refllex, messured as
changes in the acoustic impedance of the ear
should reflect the summation process. Pre
viously the effect of temporal summation on
the human stapedms reflexr has been demon-
strated wying & 2000 Hz tone (Djupesland &
Zwhlockl, 1971), However tones of short
(Finite) duraton are never pure, because the
start as well a3 the end of the tones causes
epergy spresd to lower and higher frequency
bands on both xides of the tone frequency
(Fourler 1822). In this respect, octave bands
of notse are » more well defined stimutuy, the
spectrum behug less dependent on duration,

The aim of the present mvestipabon was
to stedy temporal sammatwn In the human

temporal summation in the anditory system.
Severa) experiments bave jndicated that the

20-Tm7

dios  reflex hant using  “white
nobe” and 1/1 octave bands of nofse as the
reflex eliciting sthmudi.

—
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MATERIAL AND METHODS

Five subjects with normal heanng 2 female
and 3 male (age 17-30 years) took part in
the experiments,

The subject was seated with the head fixed
m a comfortable pozition All the measure
ments were carried out in a sound-proof and
anechoic chamber with all measuring and
monitoring lnstrumentatlon placed outside in
the control room.

An carphone (Telephonix TDH 39 Grason
Stadler Cushion 00) was placed on the left
car of the subject. The nght ear canal was
connected to an apparatus designed for regis-
tration of sound pressure changes of a 550 Hz
test tone due to Impedance changes eliclted
by stapedius muscle contractions. A block
dmgram of the apparatas is shown In Fig. 1

Reflex contraction of the stapedius muscle
was eclicited by acoustic stimulaton of the
left ear by means of bursts of 1/l octave
bands of nolse and “white nofse™ limited by
the frequency response of the earphone The
centre frequencies of the nolse bands were
250 500, 1000 2000 and 4 000 Hz (preferred
frequencies).

The actual frequency ranges of the sumul

ere controlled by measurements on e 6 cm?

upler the results are presented in Table L

The time interval between the stimulj was
4 5, and the duration of the noke buns was
varied from 5 to 3000 ms. The rte and the
decay time of the stimull were 25 ms exch
This was achieved by means of & timer (Ad-
vance PG 52 A) and an electronk switch (G-
son-Stadler Modell 829 C) Correct regulaton
of the clectronlc switch and timer was ob-
taiped by substituting the nofse by pure tones
and registering the tone pulses on a stonge
oscilloscope  (Tektronix Type 564B). Tk
stimulus durations were measured betwens
the half-power points.

Dunng the experiments the sequence of the
stimulus durations used was as followy. 5 20,
50, 200, 500 and 3000 ms, followed by 1,
30 100, 300 and 1000 ms. This procedare
was chosen to prevent the results being blased
by a fixed increase in stimutus duratioq.

A soft rubber plug with two polyeliykne
tubet, 11 cm long, was placed in the right
ear canal of the subject, making an amtight
fittlng close to the tympenk membrane. Co¢
of the polycthylene tubes was connected w0
& Brited & kper condenser micropbone (Tye
4134) serving as transducer for the test toe
generator introducing a 550 Hz tone In the
cavity The other polyethylene tube was coo-
nected to another Brilel & Kfer microphost
(Type 4134) in order to regster sound Fo>

WHITE OCTAVE ELECTRONIC
NOTSE FILTER SwTICH
OENERATIR
TIMER
STORAGE MEASURE SLAYE
QSCRLOSCOPE AMPLEER FILTER
he—]

Fig. 1 Block diagram of the appanatus ored for
eliciting and recording the acomstc stapedus reflex.

Acts Oroleryng 76
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Table 1 Frequency range of the stimull used meas-
wred i1 a 6 aw® coupler

The lkniting froquency b defmed a3 the {requency at

whch the spectrom Jeved b reduced 10 dB
Lower hniting  Higher limiting

Octave Irequency treqoency

(AD) (Hx) Ha)

%0 150 400

0 a0 1%

1000 600 1700

200 130 330

4000 240 X0

“Whiomoix™ 43 §300

sure level The signsl from the microphone
peued 2 Brilel & Kimr Measuring Amplifier
(Type 2606) and a Brilel & Kjeer Stave Filter
(Type 2020) and wss finally recorded on a
storage oscilloscope (Tektronix, Type 564 B).
The sound registering microphone was ale
brated by mecans of a Brllel & Kjer 2 cm?
calibration conpler Type DB 0260 The in-
teamity of the test tone, measured in the mall

ton In dius reflex hanis

307

cavity between the rubber ping and the tym-
panic membrane was 80 dB SPL, tesied to
be below the acoustic stapedios reflex thresh-
old,

The intensity of the nmse bursts was varied
in 1 dB steps untll the resulting stapedius re
flex respomse 1n the contralateral car resulted
in an 14 dB increase In test tone mtensity—
representing 50% of the manmal obialnable
Impedance change (“criterion response™. A
graphical interpretation of the relationship
between stimmlus intenuty and aize of im-
pedance change elicited by bursts of “white
notse” with duration 50 and 500 ms, showed
an Sshaped curve the stecpest part of the
curve being about 50% of maxmal obtain-
able © d; change, cor to 14
dR increasc in test tone intensity In the pees-
ent investigation, thercfore, 50% of the max
imal obtamable impedance change was chosen
as the critenion response.,

The time constants of the apparatos were
found 10 be roch that they dsd not interfere
with our measurements (Sundby et al. 1971).

s

e
"

!

w0
Sgn e wonse
" % ']
o

[T

003
D00
=3

¥ s

o

F 5 2 Reltiombp berreen woned premars level snd  changs) for the differest typa of stimmoll ooed. Mem

sumaln deration required to et the crierion re
oo (% of matmal obtakuble lmpedancy

vatue of thres measurensents an coe swbject.
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MATERIAL AND METHODS

Five subjects with normal heanng 2 female
and 3 male (age 17-30 years) took part in
the experzments.

The subject was seated with the head fixed
in a comfortable positton. All the measure
ments were carried out In a sound proof and
anecholc chamber with all measuring end
monitoring wstrumentation placed outside in
the control room

An earphone (Telephonix TDH 39 Grason
Stadler Cushion 00) was placed on the left
ear of the subject. The right ear canal was

d to an app deslgned for regls-
tration of sound pressure changes of a 550 Hz
test tone due to Impedance changes elicited
by stapedius muscle contractiont A block
dugram of the apparatus is shown in Fig. 1

Reflex contraction of the stapedius muscle
was clicited by acoustic stimulation of the
left ear by means of bursts of 1/1 octave
bands of nolse and “white noise” limited by
the frequency response of the earphone, The
centre frequencies of the noise bands were
250 500, 1 000 2000 and 4 000 Hz (preferred
frequencics)

The actual frequency ranges of the stimull

ere controfled by measurements on a 6 cm?

» /uplcr the results are presented in Table L

The time Interval between the stiml] wag
4 5, and the duratlon of the nobe bursts yay
varied from 5 to 3000 ms. The rite and the
decay time of the stimnh were 25 ms eack
This was achieved by means of a timer (AL
vance PG 52 A) and an electronle switch (Gn-
son Stadler Modell 829 C). Correet regulation
of the electronrc switch and timer was ob
talned by substitating the nolse by pure tooes
and registering the tone palses on a stonge
oscilloscope  (Tektronix Type 564B). The
stimulus  durations were measured betwea
the half power palnts.

During the expeniments the sequence of the
stumulus durations used was as follows: 5, 20,
50, 200 500 and 3000 ms, followed by 10,
30 100 300 and 1000 ms. This procedr
was chosen to prevent the results belng busd
by a fixed increase in stimulus duratron.

A soft rubber plug with two polyethykee
tubes, 11 cm long was placed in the ngit
car canal of the subject making an airtigh
fitting close to the tympanic membrase O
of the polyethylene tubes was conmected B
a Brilel & Kjeer condenser micropbone (Type
4134), serving as transdocer for the test toes
generator Introducing a 550 Hz tooe i te
cavity The other polyethylene tube was cox
nected to another Brilel & Kjer micropbeat
(Type 4134) mn order to register sound pek

Fig 1 Block dgrem of the spparats peed for
elictting and recordlog the acomtc stapedius reflex.
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reflex £t 09

{on {n stapedi

Table TI. Afedion ralves and Iaterquartile ranges (I Q.R) for stiwulus durations and intensities at
“knre-points™ together with the ope af the curves on both sides of the “knee-points™

(tm slope (helow

The xombers referring to above “knes-poimt™) Indcate
kvdh-dmbcb-urdfulmddhﬂn-o‘m&nhudamdmﬂ:

Bow many dB tbe stimales intensity
criserion respomo

“Kneepoint™  Knee-polod™
e

Bope bdow  thne Sope abore
Stimales “knee-point™  (ma) (dBy “Imec-polot
“White Medmn 215 s10 101 63
mobes™ IQR. 42 165 1 44
E- 4 Median us w0 13 21
LQR, 21 % 3 04
x0 Medmn 35 k. 119 44
1QR. 23 6 L] as
1000 Medma 204 73 113 16
LQR. 7 k-3 L os
200 Median B4 573 95 [
1QR. 42 43 4 o
4000 Medinn 198 600 101 93
IQR 59 00 3 (%)

ried ont om 2 of the 5 tubjects, using “white
Doite™ a3 stimulus and 25% of maximal ob-
taivable impedance change as criterion re
sponse. Irrespective of the magnitude of the
criterion respome, the “knee-polnt” tme and
the slope of the curves on both sides of the
“knee-point” were about the same. In addi-
don the time delay between the stimulus and
the resulting change was cbterved As shown
in Flg. 4 the time delay was about 50-100 ma.

DISCUSSION

The results show tiat the doratlon of short
acoustic stimull has a pronounced cffect on
the stapedios reflex respome. The effect may
be cxplained as temporal summation In the
acoustie  stapedius reflex mechankm. Our
findmpx indicate that several time constants
of summation are reflected i the wcoustic
#apedizs reflex mechanism and that these
are largety dependent on the type of stimulns.
For stimulus duratlonms thorter than the
kneepoint™ values (5080 ms) the slope of
lhccunumnbomtb:umehrnﬂtypa
of sumull used. This wdicates that for mch

short stimoll the teroporal summation b in-
dependent of the type of stimulus,

The median tlope for stimulus duration
shorter than the “knec-point” vatue (see Flg.
3) shows that for a ten-fold increase of dura
tlon, the intensity level to be lowered by about
22 dB in order to clicit the criterron response.
This agrees well with previous observations
made by Djupesand & Zwslocki (1971) Us-
g a 2000 Hz tone they found a ten-fold
increase of duration to be compensated by
about 25 dB decrease of the intensity level of
the tone bursts.

obtatnable ) oeased b the comtralatral ear
Gomer trace). Stimult: Borsts of “white nohe” of
SO me (efi drawing) and 500 ma (riel
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Our results demonstrate a definite differ  mechanfsm seems to be dominated by the hyh
ence in the “knec-point™ time for frequencies frequency component in such a complex
below and above 1000 Hz. A possible explana  sound, because no transmission lows occan
tion may be a change in stimulation of the in this frequency range (contrary to the fow
inner ear (the “acting intensity ) below and  frequency range) The loss of energy In i
above this frequency caused by the middle low frequency range due to middleear tramv
ear muscke reflex itself It is known that the mission reduction is probably more than com-
reflex contraction of the stapedius muscle pro-  pensated for by the fact that the energy b+
duces a sound transmissfon loss to the middle creases with 3 dB per octave towards hipher
car Thus loss 1s most pronounced in the low frequencies. In additfon the loudness of tbe
frequency range (Borg, 1968). “white nowse™ I3 increased because the crital

The Iatency of the acoustic stapedius reflex  band width 18 surpassed.

(time Interval between onsct of stimulus and The genuine temporal summathon clifect b
recorded impedance change) has been re  therefore demonstrated either for stumnli weh
ported to be between 25-150 ms (Metz, 1951  frequencies above 1000 Hz, or for stimef
Maller 1958 Terkildsen, 1960) Our findings below thh frequency provided the stimohs
are in agreement with this (Fig. 4) As a con-  duration fs less than 50-80 ms. For these teo
sequence  acoustic astimuli of shorter dura  types of stimull no transmission loss to de¢
tions than 25-150 ms should show no change inner ear occurs. Whether the trangnathe
in “acting intensity” csused by the middle loss in the low frequency range alone b re
car muscle reflex. For longer durations an  sponsible for the difference in the “lee
effect on the “acting intensity” may be ex  point™ valucs, cannot be deduced from oct
pected. Borg (1968) has studied the effect of present data. A possible way to vestipae
the human acoustic stapedius reflex on sound  this effeet f to get hold of subjects with nor
transmission through the middle ear and re  mal hearing snd unilateral paralyxis of L2
ported that at higher frequencies (2000-3000 stapedins muscle (patients with Bell's piyy
Hz) the attenuation was very slight. However  and paralyss of the stapedius masci) B¢
at low frequencies an attenuation up to 12-15  hope to be able to report on such a snd
dB was observed very soon.

Our findings, which duclosed a shorter The stapedius muscle itsell and the efferest

" ri*knee-pont” ume for low than for tugh fre  part of the acoustic stapedius reflex are e
quency sounds, may correspond to the effect included in our measurcments of tempors!
of the transmission loss observed by Borg summation. In the present study we bne.
(1968) Duc to the transmission loss In the however only compared temporal sumsab®
low frequency range, higher intensities are resulting from different strmull Thus we ke
required 1o elicit the criterion response, when not considered varhations doe to the m::
low frequency stimub of a longer duration dlus mascle fiself nor the efferent port
are used. The actual time (50-80 ms) lies with-  the reflex arc and the transmission betse<?
in the range for which sound transmission the 8th and the 7th cranial nenes.
changes may be expected. Comparmg low and Since temporal summation has been demoer
high frequency 1/1 octave bands of nolse strated in the scoustic stapedius “”‘“’:_:
with stimulus doration 1000 ms, the differ anbm at least some of the mmlbng&nn
enet in intenuty needed 1o produce the cri- takc place at or below the soperfor o
terfon response was found to be 1020 dB  complex (Djupesland & Zwislocki, 197 :
Tlg 3L fs, however possible that further somed o

White nolse contains both high and low may take place at higher levc, resuliof
frequencles. The acoustic stapedius reflex  different time constants when m
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Temporal

psychoacoustic methods, Results from psycho-
acomtic measurements in fact demonstrate
s lexs steep slope of the Intenmty/duration
function loudness level Increases ronghly 10
dB when the doration It increased by a fac
tor of 10 (Zwhlocki, 1969)

The sre of the critical band-width meas-
ured by means of the acoustic stapedims re
flex and by psycho-acoustic methods (oud-
ness comparson) © not the same (Flottorp
et al, 1971 Djupesland & Zwulockd, 1972)

fon in tapedius reflex hani 3n

well with the obscrved vanation in loudness
determination of short sounds repotted from
the International Rownd Robin Test, carried
out by ISO TC 43 Acoustics (Pedersen, 1972).

1t seemns very likely that in the poral tum-
mation mechanum simflar differences may
appear when different methods are employed,
one which involves the hearing patiways to
the level of the superior olive the other to
hightr cortcal level

A clear frequency dependence in temporal
wmmation appean not only from oor Inves
tipation employing an objective reglstration
method, but also from several psycho-acous-
tc expenments (Chamberlatn & Zwislocki,
1970 Gengel & Watson, 1971 Pedersen &
Efberling, 1972)

Thbe continued mmmation effect beyond the
“knee-point™ (Figs. 2 and 3) » difficolt to
cxplain. This effect may however be typical
for the level up to the superior olfvary com-
plex, and may bc compensated for at higher
levehs. Fonctionally it Is interestmg to com-
pare it with adapiation phenomena, which
mtyocmruhlah:rlmhnndbemnnm

ﬂcnﬂ'urldcsapdlmhuﬂnclo-hdecﬂxb-
der Darbictungersft exfordert, dew der Schall-
pcplnmndn\crk.\dnzﬂ\crdn\m_.mnlnmn
Antmort  hen (505 der

m.nkn: Fir
lm-puh‘h]nl:ﬂmtlhﬁ-l)m|udu\"u
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THE PASSAGE OF INTRACISTERNALLY INJECTED ALBUMIN
AND UREA INTO PERILYMPH

S. K. Juhn and J Gurowski

From the Depertouent of Otolsryngalogy Umiversity of Miancsota Medicel School
Mirmeapolls, Minn. USA

(Recehod February 13 1973)

of choknl disarders such w antiblotie todchy
Moubres dwewse end hearmy Loy after
hemodlatysis ars daectmwerl.

spmal flold (CSF) (Patva & Raunio, 1967
1968). However the degree of the participe-
tion of these factors in the formation of perd-
lymph hes not been thoronghly studled.

It it generally xssumed that there s an open
communication through cochlear aqueduct
between the perilymphatic spece of the coch-
lex and the subarachnosd space of the brain
(Anson et al, 1964 Anmwon 1965 Palva &
Dammert, 1969) Thrs sssumption has been
based on the histological observation of the
dustribution of tracisternally injected mate
risls in the inner ear Many ivestigators bave
reported that when flworescem or dye solu-
lion was Injected intracisternally this forelgn

ppeared In the scala tympani with-
in « short period of time (Ciuelmon, 1949
Jako et al, 1959). However there has been
Gittle fnformation avaihable on the process of
distefbution mto CSF perilymph and serum of
i nally injected sub
This study was dengued to follow the time
coumofmcctnngalnm:mmuonul
isternally Injected sub in the
CSF peritymph and serum o order to provide
baxic mformmation regarding the effect of CSF
composition on the compodtion of perflymph
and serum., Two substances with different
molecular weights (albumin, 65000+ urea, 60)
were wed as test materiah, and the dotribo-
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ton patterns of these substances were deter
mimned fo CSF perilymph and serum after
intracisternal injections.

MATERIAL AND METHOD

Cats ranging i weight between 2530 kg
were used. All cats were anesthetized by intra
pentoneal inpection of Nembutal 30 mgfkg)

Blood, CSF and perilymph were callected
before and 1 2, and 3 hours after the injec
tion of albumin (50 mg/kg) or urca (10 my/
Xg) into the cerebrospinal space through the
membrana athanto-cocipitali.

The blood samples were tsken from jugular
veins. Cerebrospinal fluid was collected from
the membrana atlanto-ocoitall. Perilymph
was abtained from the scals tympani by in-
serting a glass capillary tube through the round
windou membrane

Through a pilot study we confirroed the
flon of radiective =lb (*=]-albumin)
from CSF into the perilymph by counting the
radioactivity m perilymph after intracisternat

fectjon of radipactive albumd

Since the volume of peritymph 3 small
{around 10 4B total protein was determined

A of albumin by a spectropt i

,0d (Vaddell 1965 Morphy & haesy,
#9601, After dilutmg the smmples (serum CSF
and porilymph) with 01 M phosphate buller
{(pH 72) the absorbance of these solutions
was measured at 215 and 225 nm Protein
concentrations were obiamed {rom a standard
curve which was made using 20-100 ug,ml
concentration of Versatol (Warner-Chilcott
Tab New Jersey).

Urea mitrogen was determuined by a colord-
meine method uulinng urease and the Ber
thelot reaction (Faucett & Scott, 1960
ney & Marbach, 1962). A commerei
ble test kit (Bochringer
TC URL 15954) was used.

The following solotions were used.
urease, mt 2) 003 mg urea/mi, 3 O
phenol, 000017 A soc” .

Acta Orolarme 76

0.51 M sodium hypochlorite 0125 M sodum
hydroxide

Ten microliters of urcase solution way ™
petted nto & piastic cup and 2 p of smpley
were added, Oaly urease sotution was added
to the blank cup. To another cup, 20 ml of
ures standard and urcase were added. These
were fncubated in & water bath at 37 C fer
15 minutes. At the end of this time the cup
were removed from the water bath and 0.5 !
of solution 3 and 0.5 ml of solution 4 were
added 1o each cup. The cups were apis
covered and placed in the water bath and b
cubated at 37 C for 30 minutes. Following the
incubation they were transferred hto i
matching quartz microcuvettes (10 cm Egit
path). The optical denuty of the standard axd
sample were read agunst a biank at 5%
using u Zelss PMQ 11 spectropbotometer

RESULTS

In the study with albumin there wat 3
marked ipcrease relative 1o the normal cood-
ton, in total protein in CSF (20 times) and &t
perilvmph (2 tumes) | hour after the e
cisternal injection of afbumis. There was 1
considerable decrease of total protein fn OF
by 2 or 3 hours, but no change m lotal pro-
tein concentration m perfiymph. No change 8
total protein concentration i serum wal 8
tected at any time (Table T Fig. 1)

In the ures study therc wes 2
increase of urea fn CSF (7 times) and fa et
tymph (2 times) apd slight incresse o w2
concentration 10 serum (14 tmes) | boot
after intracisternal Injection of wren T0
hours after the injection the wrea concentr:
won in perilymph and setum mdmnrn:d:
therr initial valoes although comcentralod

urea tn C§° 1 about § tumes its feal
value (T 2)
<o
hlear aq9t
al fioid
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Table 1 Protein conceniration In cat serum CSF and pertlymph at tarfous thres after intracisternal

Injections of oibumin (50 my/ky body welght)

Scrum CSF Perymph
(mg <) (g 3) (g )

Novra! \aloey 39501150 (1D° 22413 29416 (N
Oma houz alter

njection 60602160 ) 6252110 (1) 450267 ()
Two bown after

Iojection 59102220 (7) WIXL () 43019 (£
Three bours after

Injection SHTOL1IS () 360155 (6) 425124 (9)

Scaoderd erar of the mean.
¥ Nuynbers in parsedheses iodicaty the nombery o sampley,

flows Irom the subarachnoid spece to the
sals tympam of the cochlea. It perilymph
is derived from cercbrospinal fludd and 3 con-
tinually bemg abtarbed and being replaced by
a flow through the aquednct, then occlusion
of this pathway should lead to functional dis-
turbance of the inner car Uyaom (1933) pro-
duced a block of cochlear agnednct of rabbits
by imserting a fine thread of catgut into the
lumen. He reported that Refsiner s membrane
was bulged into the seala vestiball in varying
degrees, depending on the efficiency of the
blockmg and its duration.

Silverstein et al (1969) reported that perk
Tymph total protein concentration was ele
vated 2-3 times compared with control values
5 days following the surgical obstroctron of
the cochlear aqueduct. The elevation of total
protcin concentration in peritymph remaimed
for sbout 4 months after the blockage of the
cochlear agueduct. They did not cbserve any
changes In sodium, potasmum, and glucose
concentralions {n perflymph. They speculated
that CSF flows throngh the cochlear ague
duct, after which water is probably absorbed
wto the veins of the peritymphatkc spece.
They abo speculated that & contlnuous flow
of CSF through the cochlear aquednct may
hdpk:cp lh: pegilymph from w:umnhun;

waste prod and

In bt albumin stady it was shown that
peritymph  total protem  conecntration o~

creased abruptly when total proteln in CSF
Increased. However total protein concentra
ton in perillymph reached two thirds of the
proteln concentration in the CSF by the first
hour snd remained falrdy constant through
the second and third hours whik protein con-
centration In CSF decreased. Thus an merease
In perilymph protewr follows CSF protelm in-
crease suggesting a flow of CSF into the scala
tympenl. However the maintenance of a con-

tme ter
(50 wy kg body welght),

Acm O
-
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Table 11 Urea altrogen concentration in cat serwn CSF and perilymph at coriows thmes cfier inre-

cisternal Infection of wrea (10 mg/hg bod) weight)

Serum CSF Perilymph
(mg %) (mg %) (mg )
Noemal valoes 237113 14" 157105 (14 25+28®)
One bour after
Injection 316+43 (%) 1090166 (M 23453
Two hours alter
injection 24242209 749195 () 2684200
Three hours after
Injection 24111 (14) 516134 (1) 27+39(n

“ Stndard eror of the
* Numbers in

mean.
parentheses indicate the sumbers of sampiat

stant proteln concentration in the perilymph
suggests a slow excretion or backflow of peri-
lymph into the CSF

It Is known that the halfife of kanamycin
m the blood amounts to 85 mlinutes whereas
mn the perilymph it fs about 15 hours (Stupp
et sl 1967). Hawkins (1967) described a
marked loss of celly from the spiral Iigament
in the reglon behind the spiral prominence
after kanamycin administration He suggested
that this might represent the combined effect
of the tendency of antibiotics to attain higher
concentration in the perdlymph than in the
CSF which was reported by Vrabec et al

65) and of the long persistence of the

‘wmycin {n the perilymph.

200
§ 100 }—
£
2 \.___.
g Servn
x csr
Prrageroh
° I
Hours

polnt afler Intraciterns) Injection of uTea
(10 myg/kg body wcight).
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Clmically it is known that CSF gamma glo-
bulin and total protein Increase occur in aboct
80% of patients with multiple sclerosis, pes-
rosyphilis or subacute Ienkocncephalnls wnd
in some cases of myxedema. It s interestig
to nmote that congenital or aequired syphilis
(7%) and myxedema (3%) have been identr
fied as two specific ctiologies of Menkres
dhease (Pulec, 1972) Although we do not
have total protein data on CSF and periymph
of these patients, perhaps the Increass of pro-
tem In perflymph might have taken place it
these paticnts.

In the ures study the concentratiog of urea
both in perilymph and fn serum increased 8
uren concentration in CSF Incrcased. How
ever uren concentration in perllymph
turned to its original values by 3 hours axd
r ined and paralleled serum ot
centration even though the concentration of
uren in CSF remained approximately fi¢
times higher than its original value. This m3)
indlcate that there s a rapid turnover of ek
Iibrfum of urca between blood and perflympd
which probebly involves the perllymphat®
vessels. It has been shown that urea diffsct
freely through most celular membranes ¥4
any barrer which might exist between
Iymphatic space and blood seems to b¢ readily
permeable to urea (Youngs & John 1972

Tt has been reported that some paticats *H
renal insufficlency developed sever® pereer-
tive hearing Impairment following repeated




hemodialysts combined with the use of the
antrbeparinizing agent (Ransome et al
1966). Certaln neurological manifestations
(convulsion, headache, nauses, vomiting)
after bemodialysts have also been reported
(Tyler 1965). The cause of this dysfuncton
seems to be at least in part related to rapid
clficent dialyshs. In hemodialyns, acute dec
line in the level of blood urea occurs and be-
came of the slow transport of urea across the
blood-brain barrier” an osmotic gradient is
prodoced In which water moves from the
blood and extracellular fluld fnto the central
nervous system. On the other hand, Anfan
(1969) has demonstrated vestibular functional
alterations by the artifichal variation of the
osmotlc pressure of the peritymph in cat, and
he suggested that Menrtres attack may be
due to a loes of blochemical and esmotlc bal-
ance of the Inner ear flukly when the perme
abdlity of the labyrinthine vessels is altered.

The present study demonstrates the dif
ferent pattern of distribution of chemical sub-
stances of different molecular wesght 1n peri-
lymph when they are Injected into the cere-
brospinal space. It ks Interesting to observe
the thow excretion of total protemn from peri-
tymph. This may have some correlation to
the functional dsturbances of the inner ear
when conditons of elevated proteln concen-
taton in the perllymph are induced. The
changes observed In the difference between
CSF and perilymph in urea concentration dur
Ing the tmme course of our experiments implies
that » corresponding change in osmotke gra-
dient between these two flulds was occurring.
Further studies are necesmary to determine
whether these changes in osmotic gradient can
cause the morphological alterations of the
membranous labyrinth and functional detor
bances of auditory and vestibalar organs.
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Liqoor verhich,
T der Gommtehs cimd 5}
der Perilymphe betrag wur Zweidrittel des

Ergebobwen
utiert, die in der Etiologhe klichcher Syndrome whe
1B A 2

Bod Hinertust nech Hemodlalyse eine wichiigs Role
g rplcken acheinen,
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Table Il Urea nitrogen concentration In cat sersem, CSF énd perilymph at rariows times after by

cisternal Infection of srea (10 mg/ky bod) weight)

Serem CSF
(mg ) {mg .) (g )
Normal valoey 17+13 04° 157409 (14 226+.8(0)
One houar after
Injection B4 M 1090166 (D 4231339
Two bours after
frgection 2423.2(9) 49495 (T 268420 (K)
Three hours after
infection 11 (14 SLEE34 (1) 7+39 ()

error of the mean.

Standard
* Numbers in parentheses indicate the mumbers of samphet.

stant protein concentration in the perlymph
suggests a slow excretion or backflow of peri
Iymph into the CSF

It is known that the halfldife of kanamycin
in the blood amounts to 85 mmutes whereas
n the perilymph it &5 about 15 hours (Stupp
et al 1967) Hawkins (1967) described a
marked loxs of cells from the spiral ligament
in the reglon behind the spiral prominence
after kanamycm administration. He suggested
that this might represent the combined effect
of the tendency of antibiotics to attan higher
concentration in the perilymph than 1n the
CSF which was reported by Vrabec et al
*265) and of the long penistence of the

ycin in the perilymph

200
E
8 100
~
g
z —
g Serom
x csr

® Perdyrph
" 1 b
° 1 4
Hours

Fig 2. Urea nitrogen concentration in cat scrom,
cerebrospinal fluid (CSF) and perihmph a1 various
time polnt alter Intracriernal injection of orea
(10 mg kg body weight).
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Clinically it is known that CSF pamma glo-
bulin and total protein increase occur {n abot
80% of patients with multiple sclerosis, pev-
rosyphills or subacute leukoencephalitis sed
in some cases of myxedema. It fs interesong
to note that congenital or acquired syphii
(7%) and myxedema (3%) have been etk
fied as two specific ctislogics of Meniires
disease (Pulee, 1972). Although we do nol
have total protein data on CSF and perilympk
of these patients, perhaps the Increase of pro-
teln in perilymph might have taken plate &
these patients.

In the uren study the concentration of ure
both fn perilymph and in serum Increased 88
urea concentration in CSF increased. Hos
ever urea concentration in perilymph 5
turned to its odginal values by 2 hours 2
remamed constant and paralleled serum coe
centration even though the concentratod d
prea In CSF remalned approximately fn¢
times higher than its original value. This may
indicate that there Is a rapid turnover of
Ibrium of ures between blood and perilympt
which probably involves the perilym|
vessels. It has been shown that urea diffess
frecly through most cellelar membrascs wd
any barrier which might exist betneen PT-
Iymphatic space and blood seems to be readly
permeable to urea (Youngs & Jubn 197°)

It has been reported that some patkts #18
venal inmufficlency developed severe P
tive hearing jmpairment following



hemodialysts combined with the use of the
anthbheparimzing  agent (Ransome et al
1966). Ccmm peurological manifestations

1 headsche, mausea, iting)
after hemodialysts have abo been reported
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(Tyler 1965). The cxuse of thu dysl 4
seems o be st least fn part related to rapid
efficlent dialyske In hemodiaiysls, acute dec
Jine 10 the leve] of blood urea occurs and be
ause of the slow treosport of urea across the
“blood-brain barrier™ an osmotk gradient s
prodoced in which water moves from the
blood and extraceflutar flufd into the central
msmum.mmeutk:rtnnd.m
(1965) has d ibular funct
alterations by the artificial variation of the
osmotlc pressure of the perllymph in cat, and
be suggested that Menkres attack mey be
due 10 a loss of blochemical and oxmotic bal-
mnce of the hmer ear flmds when the perme
ablity of the Iabynnthine vessels is altered.
The present study demonstrates the dif
ferent pattern of drstribution of chemical sub-
stances of different molecnlar weight in peri-
fymph when they are injected mto 1be cete
brospinal space. Tt s Interesting to observe
the slow cxcretion of total protem from peri-
hyoph. This may havt some correlation to
the tunctional disturtances of the fnner ear
when conditions of ekevated proteln comeen-
tnbon tn the peritymph are Indueed. The
changes observed in the dufference between
ST and perilymph in urea concentrasion dur
ing the time course of our cxpenments implies
tat a comresponding change in esmotxc gra-
dent between these two Nuids was occurrmg.
Further studles are necessary to determme
whether these changes in osmotic gradient can
a.m.elh:marpbu!.og}cnl alierations of the
Iabynath and functional distur
hnttsulmrﬁtory.ndmtﬂmlzrmm
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Table | Serum CSF and cocklear fluld alkalire
and acld phosphatase acticiry In normal and past

mortem fluids (pmol{minfl)
Inhibition (*)
Alkaline  Acd
phas- phos- Format-
phatase phatese  Tartrate  dehyde
Normel [luids
Serum (N =21)
Mean 467 54 30 90
$D 109 17 1 11
Rangn 2565 2-8 552 & 100
CSF(N=1" trace trace
Post-morrem [Tmds
Serum (¥ -25)
Mean 402 04 36 86
D 6 249 19 1
Rangs 36-2556 11-540 1-80 48_100
CSF (N =30)
Man 3 23 ] k1]
5D 33 13 2 i4
Range 0-2%0 345 0-90 61-100
Penlymph (¥ =28)
Mean 92 122 35 73
3D 134 90 31 b3
Range -5 33 0-100 0-100
Endotymph (¥ =3)
Mean 8 113 4 0
5D 77 37
Range 17 7-14

1969). Normal sers and CSF samples, avall-
in the laboratory were analysed for nor
s¢ data. If the measurements were not

~ ormed the same day all specimens were

Heep-lrozen and kept at —70 C until the time

for analyshs.

The detafled technique of quantitative
determination of alkaline and acid phospha-
tase actlvity as well as the technique for elec
tropharetic separatron of koenzymes & grven
in another publication (Palva et al. 1973)

RESULTS

The avernge values of quantitative analyses of
alkaline and acld phosphatase actmity and
the inhibitfon percentages by tartrate and for
maldchyde on acid phosphatase activity in
dilferent flulds are shown in Table I For
perilymph analyses, samples of two to four
ears had to be pooled in order to obtain a

Acte Otolaryny 76

large enough specimen. As to endotymph,
pooling of all specimens from ten or moe
temporal bones was necessary to oblain wf
ficlently large samples for quantiation. Evey
then it was possible to make only three quaa.
titative analyses on the samples obtalned from
the 64 temporal bones from which both cock.
lear and utricular endolymph had been col
lected.

The average post-mortem serum acthay
values of both alkaline and acld phosphn.
tase were 10 respectively 40 times, higher
than thoe obtained In healthy persons during
life In thrs laboratory In CSF our menge
normal figures showed only a trace of actnxy
for both cnzymes, whereas a distinct actnlly
was demonstrated post mortem. Howeer e
figures remained in the range of 1/10 of the
corresponding values fn serum. The averape
alkaline and acid phosphatase activity In pen-
Jymph and endolymph was nearly tht same
for both, representing 1/3 to 1/2 of the post
maortem CSF activity

The inhibition tests with tartrate ard for
makdehyde showed similar results In all tgt
flurds. Thus, most of the acid phosphatst
was tartrate-stable and formaldehyde-lable.

The clectrophoretic separation of alkihm
and acd phosphatase jsoenzymes on Do
Special Agar showed no bands inithally Later
using post mortem sera with known high &
tivity and concentrated samples of CSF a=d
perilymph, weak bands appeared for both &
zymes. Alkaline phosphatase sctrvity 3
peared in the form of one weak band Bt
fng anodically end having a mobilty of 3¢
globulins, Acid phosphatase activity slio &
pearcd (at pH 6.2) as one weak band migr2t
ing cathodically with the mobility of (g
bulins. Using various concentrations 1%
bands were stronger or weaker but P &
tional bands were brought into view

COMMENT

Earlier data on alkaline and acid phofP*’-‘:;
activity in cochlear fluids or CSF 3%



scarce Indeed. Rauch (1964) reported that al-
Ialme phosphatase activity was 2.6 Bodansky
unlts in perilymph obtamed during surgery for
otosclerosts, while 1n the corresponding sera
the avernge figure was 18. In internabonal
wnits these figures would correspond to values
wbout 15 and 10 pmol/min/l which are both
Jower than our lowest normal serum valoes
In Rauchs atudy onc patlent without oto-
sclerosls showed no alkaline phosphatase ac
thaty m the perilymph. There were no data
for endolymph and CSF Our pormal CSF
analyses showed that this fluld contains only
2 trace of alkaline and acid phosphatass ac
thvity The blood-CSF barrier apperently is
suffickently elfective to prevent flltration of
these enrymes Into CSF space. The fact that
the two perilymph samples of Rauch showed
distinct alkaline phosphatase actinty in oto-
sclerosts may be duc to the active boae pro-
cem, becnuse the otosclerotic bone surfaces
arc olien m immediate contact with the inner
car spaces.

Our post mortem figures indicating highly
increased serum alkaline ph activity
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endolymph arc clearly larger than Rauchis,
but applies to all our results cven normative
date, The present cochlear fluld activity fig-
ures arc lower than the corresponding figures
in CSF though, because of the wide range of
results, the statistical significance 15 marginal.
Both cochlear floid and CSF values are sg
mficantly (p<001) smaller than those for se-
rum and the bulk of the past-mortem enryme
activity must be Interpreted as aming from
the capillarkes surrounding these fluld spaces.
Acd phosphatase actrvity obviously derives
from the hemolysng red cells, most of the
enzyme consisting of the formaldehydedabile
crythrocyte type. Alksline phosphatase may
be lberated from the capillary walls and
partly also originate from the serum through
capillary leakage.

Durfng Ife, the blood~inner car barrler
apparently acts in the same way as the blood—
CSF barrier in the case of both alkaline and
acid phosphatase, The motccular weights of
most of the enzyme fractions are In the order
of 100 000 or more, and it 1 therefore under

reflect the extent of the Iiver damage during
the terminal stages of the disease. No bone
tumours of even boune metastases were found
at autopsies and none of the cars were af
fected with otosclerosie The increased serum
acld phosphatase activity post mortem bs ap-
parently due to the fact that after death this
enryme 15 libcrated from the hemolyung red
cells, as indicated abo by the results of the
inhitition tests. The high figures In serum
were in 0o way reflected m the actrvity valoes
of CSF

In seven post-mortem ears Ranch formd
perilymph alkaline phosphatase actrvity of 0.4
Bodansky units (2.1 LU ) while five specimens
of endofymph showed no activity In three
post mortem  sumples acld phosphatase perl-
lymph sctivity was reported to be 197 King
wnits, and endolympb 034 King wnits in two
specimem (3.4 and 051U respectively).

Qur figures for alkaline and ackd phospha-
tase activity In post-mortem and

T

ble that filtration from the blood into
the CSF or umer ear flulds does not eccur
during Lfe. The smallest fraction of acxl phos-
phatase, a tartrate-stable fraction having a
molecular weight around 35 000 (Georgatsos,
1965) might have an ensler pawage through
the capillary walls donng Life abo. However
quantitatively speaking, the figures would
probably remain very small, 1n the class of
trace activity umilar to CSF
There seems 10 be clear evidence for the
fact that, as also regards alkaline and acld
phosphatase activity CSF and cochlear flnids
bave & nmilar composition and, though the
kornzyme pattern f the same, both clearly
differ quantitatively from serum. This adds
some welght to our previous concludon that
in normal condlitions the proteln composition
of cochlear flulds [s largely dependent npou
CSF the dimensions of the cochlear aqueduet
(Palva & Dammert, 1969) permit a free trany-
sport beck xnd forth of even the largest pro-

n-1i7

tein molecules while flltration could notrotm

Actas
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cur caslly through the intact capillary bar
riers.

ZUSAMMENFASSUNG
Die Akiivht der allalischen uod scuren Phosphatasen

filisigheit gab e nuor cine minimake Ahhh.lL
wihrend die postmortalen Werte 1710 den :nu-prtd:-
enden  Scrumwerte avsmachten. Peri-

[ymphe hatten diesclbe Akthriult, belde l/J by |/2
der postmortaken Akthitht fn der Zerebrospinalfils-
sigheft. Nur ein Isoenzymband surde fir beide En-
zym sorgekegt, fir alkalische Phosphatasen mit ar-
Globulin und fUr mure Phosphatasen (pH 6,2) mit
ArGlobulie-Mobiltat. Dis  Akthitt der muren
Phowphatasen war von derselben Art wie In Enythro-

acthity bn the inner ear Acre Otolarym,
prated g (Siocdhy

— 1971 CSFpeciiic proteins In perlymph. den
Otoleryng (Stockh )7 471

Palva, T, Ramnlo V & Forsén, R. 197L Esten
o post-mortem Inner ear fukds. Acts Owderyny
(Stockh.) 71 140,

Paha, T, R.muo,v & Noushioen, R. 1973 AL

Paha T LTIkmmlLLP 1969 Sodimn sod potr-
shum n pou-mortem hwman b

yten. Dic Ergeboiwe reipen, daw die
ALthltit In der Perilymphe gleich der In der Zerebro-
spialflimigkeit b1, womit der Zimammenhang der
Perllymphe und Zerebrospinalflisdghrit Ober Ague-
ductus cochleae bestitigt wird,
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HISTOCHEMISCHE SUCCINODEHYDROGENASE-AKTIVITAT IN
DER COCHLEA DES MEERSCHWEINCHENS NACH
IMPULSBESCHALLUNG

H. Guttmacher R. Quade und G Geyer
Awt dew Anaiormschen Institnt snd der HaixNasm OhrendSindk der
Friedrich-SchiZier-U)

rdverxids Jema DDR

(Elmgepangen am 20. Febrosr 1977)

mpubsherchalioag & Exrymakit-
\hat wesenihch tiirker Die Ergebobue werden dhko-
OeTt

Nach mehrtipiger Beschallung mit einem
Dauerton konnten Vosteen (1938, 1960, 1961)
an Meerschw einchencochieae sowle Vinnikow
& Titove (1958, 1963) wa der Cochln yon
Mecrschwemehen ond Kanfnchen eine Ab~
oghme der Succinodehydrogenase-Aktindit in
den duBeren Huarzeflen nachweisen Quade
& Geyer (1972) fanden nach 63stindiger Ein-
wirkung von 110 dB-,,weiBem Rauschen® als
Dauerlrm m Pauserithvthmos der Indusine
lirmbelastung einen deutlichen Abfall der

rogenase Aktivitht (SDH Aktivi-
W) m den ¥uBeren und lnneren Haarrellen
sowle den zugehSrigen Nen dl, der

MATERIAL UND METHODEN

Es wurden | 25 Meer h
mit elnem Koepergewicht von 250-450 g und
mit pontivem Preyer Reflex mntersucht. Die
Tiere wurden jeweils m zweit in clnem Be-

hallungska ht, wober jedes
Ther einen eigenen Kiflg batte. Von einem
Impulsgenerator wourden fber elne Funken-
strecke Impulse In den Beschallungskasten ge-
sandt. Die Tiere konnten wkhrend der Be-
schallung Nahrung aufpehmen. Das Beschal-
lungsscherma wurde in Tabelle 1 zusammen-
gonelln

Nach der Bechallung wurden alle Tiere
glelcharhip untersucht, Die Priipsraton ond
Erd{fnung der Bulla tympanka erfolgte in
Urethan-Ather Narkose, Nach Freilegung des
runden und ovalen Fensters und Anlegen
eines aplkalen Bohrloches in dic Cochlea
wurde cin PVC Schiauch in das runde Fenster
gebracht und bel Bedarf cngekittet. Durch
dresen Schiauch erfolgte die Perfusion des In-

unter

Metrschw emchencochlen.
In der vorll den Arbeit soll

werden, welche Veranderungen der SDH-Ak

Uit in der Cochlen des Meerschweinchens

nach ener fmpulsbeschallung nuftreten.

Ml charchy e
Menstertngs Tir Gesmadhaitrs escn der DDR,

kub d; Der SDH-N: wurde
mit dem Inkubationtmedlum von Ogawa &
Barmett (1965) mn TNBT als Indikator
durchgefBhrt. Unmiticlbar nach der Inkube-
ton wurde mit cisgekiihiter 4%iger Formal
debyd-0,8 M PhosphatbufferiBsung pH 74
5 min fang per perfusionem vorfidert. Zur
besseren Struktorerbaltung wurde em Znatr

Amom
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Tabelle T Beschallungaschema

unter den inneren Haarrellen war crnedr,,

Impaty.
Anrghl Peschel-  Frides tequenz,
der Versochy  hing intervall  Laot.
Thkte dauer prodie  prodic  alde
6 — - — —
1 td 9h I5h 16/min
133 dB
8 14d 9h I5h 16/min
13548

von 7,5% Sucroae in die Formalehydissung
gegeben (Geyer 1969) Im Anschiu8 an die
Vorfixierung erfolgien die Dekapitation und
Priiparation der Cochlea aus dem Felsenbein.
Dus Priparat wurde 1m gleichen Medium 16 b
lang bef 4 C nachfixert. Danach wurde es
14 Tage lang bel 20 C in neutraler Dinatrium
EDTA Ldsung entkaikt. Dat Entkalkongsme
dium wurde durch elngeleitete Luftblasen
tthndig in Bewegung gehalten.

nach  ldtligiger B g konnten ¢
Formazandepots, die den unteren Zelipof by
in die Hohe des Zellkerny kekchanip umgre
fen nur noch whwach beobachtet werken
Wihrend die Farbstoffablagerungen fn d.
Nervenfusern nach 8digiger Behandlung
dioluswiirts kontinalerkich abnah und d
gleiche Intensitit wic die hontrollen hattes,
kam ¢ nach lingerer Beschallung zu thoem
fast vollstiindigea Aktbvitétsverlost

Die Nervenzellen des Ganglion sprale b
ben in ailen Fillen eindeutiz negativ

Tn den BuBSeren Haarzellen waren &
Farbstoffnlederschifige in der Intensith abge
stoft. Eine kriifug angefSrbte Intermedfinme:
und eine perinuklefir gelegene Zone www
infranukiefir befindiches intensives Depoxt,
wie sfe bel den Rontrolitkeren v finden
waren & nach Impubsbeschulung nickt
nachgewiesen werden. Withrend die Interme
difr und die perinukleire Zome bd &

Die Einbettung erfolgte in Polylthylengly
kol 600 nach Halbhuber & Geyer (1966). Am
Gefriermikrotom  wurden 15 um  dicke
Schnitte hergestellt, die i Glyceringelatine eln
gedeckt wurden.

) ERGEBNISSE

Die Befunde aller 3 Versuchigruppen sind in
der Tabelle I rusammengefat.

Nach der Impulsbeschallung kam es im
Berech der gesamien Cochlea zu emer Ab-
nahme der SDH Aktlvitit  Wihrend  die
For blagcruagen 1m  Cytopl der
inneren Haarzelien unter Aussparung des
Zeflkerns bel den unbehandeiten Theren ab-

geschen von emer gewlswen intr en

Sikgig b Tieren vermindert rexper
ten konnten sle nach )4tigiger Behandlusy
nur noch verschwommen erkanpt wenks.
Dar infranukicire Formazandepot war sxd
8 Beschallungstagen Kiclner mach 14 Tages
kaum noch m beobachten.

Am unteren Zellpol der Buficren Hureh

Tabelle 1l Verswehsergetnine

Glicderung nahezu homogen vorlapen (Abb.
1), wurde nach der Beschallung eine inhomo-
gene Ablagerung des Farbatoffs beobachter
Bel den unbeschallten Kontrollen wurde cin
inteasives Depot infranukiefr befunden, das
nach 8 Tagen gering (Abb 2) und nach 14
Tagen (Abh. 3) stark vermindert war Die Re

1,

akiivitht im Berelch der Ner 5

Beschlte Tert

hontrod-

there 1d 14
Auters Haarreflen ERR R A
Nervenerch gunpen Goer (3
Eufleren flaarzefien 4 +
Inncre Haarzeflen 44 d At
Neny wnter
toneren + 4+ rel T

+ (+)
N scustion et * R

spirale hd

Ansate der )
Membran sm Lig spirale + + € -
Uy e+ (%) )

+ 4+ -
Rz vasculin - - -
Lembus spiratn he - -
Irterdentatrefien + M
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~ Cortiachen Organ elnex
N . Meerschra einchens nach
= ~ - b . iy
c\‘ I L 750,
< - Abd, 3. SDH Reaktloa am
T s R - Cortischen o

o fm Bereich der Nervenendiy war  Hinsichtlxh der Emymaktivikt domimier
Enzymaktreitit vermindert. Berelts pack  ten in allen drex Verscchsgruppen dic inneren

Beschallung zeigte sich eine dentliche  {iber den EuBeren Haarzellen. Nach der Tm-
‘bme, und nach l4tgger Impulsemwr  pulsbeschallung bante die SDH AXtivitlt fn
» feagierten dwe Nervenendigungen nur  den &uBeren Haarrrllen stirker abgenommen
*+ veremrelt. ak in den inmeren Haarzellen. 1 n
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der Intensitit der SDH Reaktion von Haar
rellen der basalen und aplkalen Windungen
konnten nicht festgestellt werden

Dre runden Farbstoffgranula, dic sich bei
hontrollticren entlang der Derters-Zellen in
Richtung Basilarmembran befanden, fehlten
bel den beschallten Tieren ganz. Das Tunnek
piralbiindel war im G z zur Kontrolle
stets negatly

Ganz vereinzelt zeigte sich elne Formaran-
ablagerung in den Interdentalzellen sowohl
bel der hontrollgruppe als auch nach 8tgiger
Beschallung, withrend nach 14tigiger Impals-
cinwirkung keine SDH AktivitAit nachwels-
bar war SDH-positrve Interdentalzellen hat
ten im gesamten Zellelb reagiert der kern
blieb ausgrspart.

Die geringe SDH Aktivitkt im Bindegewebe

zellen zeigten gegenfiber den EuBeren My
zellen keine Veriinderungen.

Ober Ehnliche Beobachtungen berchterer
Quade & Qeyer (1972). Sle konnten jedoc
emnen AktivitAtsabfall in den fnneren Haxr
rellen nachwelsen, Im Gegensatz rur \ostees
schen Versuchsanordnong (1958) Lgen be
ihrem  Beschallungstegime Pausen von [§
Stunden zwaschen den Belastongsphasen, ezt
die Beschallungsintensitht war mit 110 dB we-
sentlich hBher

In unseren Versuchen konnten wir ¢oe e
hebliche Abnahme der SDH Aktmitht sonod!
fn den Nervenendigungen unter den laneres
und HoBeren Haarrellen, abs auch B dm
Haarzellen selbst beobachten. Die Aboahme
der Fermentaktivitit war In den fuler
Haarzellen gegenfiber den inneren Haarrelien

des Limbus spiralis konnte nach B: 1

Drese Ergeb eigten sich be

nicht nachgewniesen werden. Das Ligamentum
spirale zeigte normalerweise oberhalb des An
satzes der ReiBnerschen Membran elne deut
Liche SDH Reaktion, die nach Impubsbeschal-
lung nur noch gering war Gherchartig ver
hiclt sich das Ligamentum spirale hinter dem
Epithel der Prominentia spiralis. Die Stria
vascularrs blieb in allen Gruppen negatlv

»)

In den vergangenen Jahren wurde in elner Viel
zmhl von Publikationen fiber Versuche be-
richtet dic das Studium von Veriinderungen
des Cortischen Organs nach cxperimenteller
Beschallung zum Inhalt hatten. Mit Hilfe
dieser Versuche sollte der Apgnffspunkt der
Schalleinwirkung an der Schnecke lokalislert
werden,

Vosteen (1958 1960 1961) konnte nach
mehrtigiger Beschallung mit einem Danerton
cinc Abnahme der SDH Akthvitiit in der
Meenichweinchencochlen  nachwersen.  Die
Abnahme der Fermentakilvitht erfolgte nach
Beschallung mit 2000 Hz and 70-85 dB 1u
n¥chst in den Nervenendigungen, danmach In
den EuBeren Haarzellen. Die imneren Haar

DISKUSSION
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reits nach 8ifigiger Beschallung mit 16 Iz
pulsen/min ber 135 dB und Pausen ton 1§
Stunden  zwischen den  Belastunpsphoser
Werden die Meerschweinchen 2 bis 4 Tape
bel 2000 Hz und 85 dB mit hurztdeen vt
jewells 250 msec Daucr beschallt, so Lomt
s nach Vosteen (1958) zu einer geringen A
nahme des Fermentgehaltes der Eofom
Haarzellen, wihrend dle Ioneren Hameles
und Nervenendigungen cine gute Reaktied!
behalten.

Vergleicht man die Schatlintensitit und B
schallungsdauer mit dem Aktn ithtsvertnt ¢t
SDH 30 korrelicren unsere Ergebamse !
denen von Vosteen (1958 1960, 1961) s
von Vinnfkow & Titova (1958, 1963) gut.

Nach Vosteen (1958) soll dem Unterga™f
der SuBeren Haarzellen nach Beschallueg £
Schwund der SDH voramsgehen Der Rock
gang der  SDH Alilvitht soll ewen Er
schOplungszustand nach funktionelier Cher
anspruchung zum Ausdruch bringen. D¢ Al
nahme der SDH AktivitAt (n den ll.umﬂ-‘:
und fhren Nervenendigongen st wahncho®
lich mit ciner Hyporydose kombiniert, &t 8
das Entstchen der Schidigung eine -u:qr
Rolle zupesprochen wird (Mrsrehy etad 3
\osteen, 1961 Beck & Bechert, 1959
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Zn ZerreiBungen und Zersifrungen des
Cortlschen Organs kommt es nach Riedi &
wrer (1947) wenn der Schalidruck bei 140
4B liegt. Da unsere Yersoche mit ¢iner Schall-
wtit von 135 dB ausgefGhrt wurden
Bnnte eine Zerstdrung des Cortchen Organs
anftreten, Maglicherweise wird der schallirau
matische EMfekt jedoch durch dhe Beschal-
von durchschnittlich 37 sec rwi-
1en zwel Impulsen verringert. Nach Vosteen
$1958) fst auch nicht dic Summe der Schall-
ntitten in erster Linie flir dic Enchbp-
ung der Sinneszellen verantwortlich, sondem
vielmehr dle Kontinultdt der Beschallung. Da-
fUr spricht das Ergebuks umscrer Untersu
ebenfalls.
Mt den hlno:hc:mschcn Bctundcn ste
~n etk h

Geyer Q. 1969 Ulreistockende VEB G Fhcher
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Habhober K.J & Geyer G 1965, Uber dbe Ver
wsendbarkel von kol 600 al Eln-
Jikrm in der G mit be-

sondercT oo
Perment- vnd Lipidnachwcleen. Anet Anz 119
123,

Mirahy G A, Hikdreth, K. P, Shinabarger E W,
Gu't..LC.&RhE.A_ oysem
tewsion in the cochles of tbe guines p'y. J Acowst
Soc Amer X0 241

Oma, K, & Barroeit, R. J 1965 Electron cyto-
chamical sadies of mxciolc delndrogensse snd
e aderth tido dlaphor

e acthitdes, J Ultrwsiract Res 17 488

Verfinderungen an den Mitochondnen
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DISCREPANCY BETWEEN THE L.OUDNESS FUNCTION
AS MEASURED BY THE ABLB AND THE METZ METHOD

K. Terhildsen and J Tingsgaard
From the Depariment of Otolsrmyoleyy Usirenxity Hospltal Coperthagen Denmek
(Reeehved Febroary 12, 1973)

Abstrect In & pathent with scomntic nenroma we
found a distinet and well documented discrepancy
betneen the koudnen funcilon a3 measured by the
ABLE test and that memared by the Metz st It b
the first soch case that bas been publhthed and whth

tion and the middie ear mncle reflexes are not totally
identical.

It Is generally recognized that the acoustic
rolddle ear muscle reflexey are determined by
the subjective loudness scnsation. This forms
“the basls for the use of these reflexes as o

 for recruitment of loudness, the socalled

etz test In clinical matersls there is very

good agreement between the results obtained
by the Metz test and the classical ABLB fext.
This has been described previously by Thom
sen (1955) as well as by Ewertsen et al (1958).
In psychophysical experiments Miller (1970)
confirmed these findings. The purpose of this
paper is 10 present a case in which there 18
a distinct discrepancy between the outcome of
these two methods. To our knowledge this s
the first such case that has been reported,

Case Report

A 4D-year-old female who was admitted 10 our
department for a left scoustic nenroma. Dur
ing the past 3 years she had noticed a pro-
gressnve loss of bearing on the left ear Caloric
vestibular tests by the Halipike method

Acte Otclerymg 76

showed no resction whatsoever on the kft
Iabyrnth. There was preponderance (o the
right, indlcating & recently developed abole
thon of the reactfon on the left side. No spoo-
tancons or positional nystagmus wasobsened,
and the opiokinetic test showed normal fisd
Inge. The facial snd the tddgeminal aena
were not affected. Tomography showed -
fargement of the internal porus of the kft
side and Iophendylate chsternography demos-
strated ® smooth round tumour with 8 &x
meter 12-13 mm at the nternal potus o tbe
teft sude The tumonr was removed by B o+
tenor fossa spproach. Its magnhude was
expecied from the roentgenclogical studes
Anteriorly it reached the tngeminal mene
The tumour gave rise to a small improased
in the pons but there were no adhenoss 1
the bram-stem. The facial nenve had te be el
but otherwise tbe operatlon was compleiclf
succeastul

Audislogleal findings

Pure tone audiograms showed a semvormental
heating Joss on the left ear (Fxgulgytﬂ:;;
mal hearing on the right ear B u

on the h:flsur were ot typical and secording
to Jerger (1960) they must be clagsificd #3 &
borderline case between type 11 aad 1yp¢ n
The ABLB test (Fig. 2) shov almost compietc
recrultment of the delayed ype for $ 000 ard
2000 Hz These results were i\t
erl times with great peechion, and arfatlo™s
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are in good agreement with the presence of
an acoustic nenroma. Even the prescnce of re
crutment by the ABLB test is not unusml,
Thus Johnson (1972) in a series of 521 pa
tients with acoustic ncuroma found a positive
ABLDB tcst in 23% of those that were tested
by thus method. The only pownt of interest
18 the discrepancy between the outcome of
the ABLB and the Metz test.

It Is not advisable to draw conclusions from
soch findings in a single petient without a
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were within +5dB On the left car we @
corded u normal middle car mncle reflex
with a 1000 Hz tone applied to the right ear
The threshold was 85 B which s within the
normal range. When tomes were applied to
the left ear there wat no reflex on the nght
car even with intensities of 120 dB at 500
1000 and 2000 Hz With the usc of a Bériny
nohe box held closs to the ear but without
touching the skin however we observed a
normal reflex. Because of the unstidfactory
~ontrol of the sound intensity from the nobe

it was not possible to decade if there was
2 pathological reflex decay ws described by
Anderson et ul. (1969).

DISCUSSION

From a dlagnostic pomnt of view this case
fthout fnterest. The preoperative findings

di don of the valdity of the results. The
ABLB test was performed by meant of the
Madsen ZO-70 aodiometer which has an
antomatic timing device for thh procedure,
The test wes carmed out at various frequen-
cles and on scveral occasions by different in-
vestigators. The patlent was able to indkcate
the level of loudness equality withm varia-
tlons on the pathological car of only 5 dB
and ufl our resnits are practically identical.
The patient has a delayed type of recruit
ment, bat {t is irrelevant in this connection.
The important thing b that the subjective
Jondness sensation at these high sound levels
where we should expect an acomstie middle
ear muscle reflex s almost the same on the
two cars. The absence of a mlddle ear muscle

8 RISHT EAR
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reflex, shen the pathological ear was sttmu-
lated with purc toncs attains a high degree
of significance by the finding that such a re
flex was present when even stronger 8coustic
stimull were applied. The reflexes recorded
under these conditions were of the ordinary
positive going type and were not sccompanied
by startle reactions. In order to ascertain
Kentity between the stimul: at the ABLB and
the Metwz tests we used the Madsen ZO-70
audiometer also during reflex measurements.
The maximum tonal output from this audlo-
meter is 120 dB and It did not suffice to elicit
a reflex. The Bdrdny noise box reaches inten-
sitles of 130~140 dB in the 1 000 Hz frequency
area. The contralateral ear was normal in all
respects and here the reflex threshold was
85 dB at 1000 Hz. Thus it was necessary to
apply sounds that were at least 40 dB stronger
in the pathological car in order to attain a
reflex in spite that the ABLB test showed al-
most complete recruitment of loudnesr The
difference 15 so large that it falls far outside
the normal intermural variations for the acous
tic reflex thresholds, and 1t seems Justified to
state that in this particular case the mechan-
Tisms that determined the subjective loudness
, on and the acoustrc middle ear muscle
“reflexes are at & varlance
Our knowledge about the anatomical side
of the socalled final or central loudness evalu-
atlan is uncertun, but there fs evidence that t
Is located in the bram stem, as suggested by
Djupesland & Zwihlocki (1971) The acoustic
middle ear muscle reflexes have a very short
period of Intency thus Perlman & Case (1939)
found an average valuc of 10.5 msec and
there can be no doubt that the basic central
evaluation umderlying these reflexes also fs
performed In the brain-stem. The ncuroma
In our patient was large ecnough to canse dis-
turbances in the function of this structure and

Acts Otolaryng 76

thus possibly accounted Jor the discremancy
b 1 these two mechank which atber
wise are so well coordinated. But Just the faqy
that these two mechanisms under certaln e
cumstances can be separated appears to prove
that they at least are not totally identical

ZUSAMMENFASSUNG
Bei cinem Patienten mit AcnticweNearisom kit
uir cindeutly eioe Nichtbereimstt der ke

fanktion gefunden dic cinerselts mit der ABLB-Prote
und andererselts mit der Metr Probe gemewen sorde
Ex bt das erste Mal, daws cin Fall dicser Art pobi-
ziert wird, Belm jetrigen Sand noerer Kenntrme

thes SthrkegefThl vermitielt und die Mxielohmmede
refiexe bedingt nicht total Kientisch ht.

REFERENCES
Andenion N, Tar D & Viedemberg, L 1%
I 1 reflex bear kedom.

e in A

bl symposiem 10 pp. 49-55 Almqpebt & %2
cll, Stockhalm.

Dhpedand G & Zshlockl, J J 1971 Efet of
temparal summation on the human stxpedi o
fiex. Acts Oroleryng (Stockh) 77 26,

Ewerten H W, Filling, S, Terken, K. & Than
scn, k. A. 1953, Comparathe recrultment tesiop
Acts Orleryng (Stockh.), Suppl. 140 116

Jerger J 1960, J Speeck Hewring Res 3 ™13

— 1970. Clindcal sith iompedance i
metry Arch Oroleryng (Chk) ¢ 3t

Joheson E W 1972 Analyh of saditory ket 1+
sutts in 521 cases of acoustic peuroma. Jar Ante!
Compr Budapen 1972,

Milkr S. 19 Die Widung dex Akoabcben e
fhexes bel Impubbelastang. Acwsrice .S 23

43 663
Rom, S 1968 On the relstion beineen the aows
reflex and londnem, J Acowst Sor Amer 41 T8
K. A 1955 The Met recrultment trd

Thomeen,
Acte Otolaryng (Stockh) 45 344



Acta Otolaryng 76 331-338, 1973

MORPHOLOGY OF THE VESTIBULAR NERVE

1L Analysis of Ihe Calibers of the Myelmated V estfbular Nerve
bers in Man at V arious Ages

B Berptrdm
From the Department of Oleryngology Unhersity Hospisel Uppesia, Sueden
(Recehed Febroary 22, 1973)

The myelinated vestibular nerve fibers in man
have been found to saffer a significant redue
tion {n number with incressing age (Bergstrm,
1972). Prelmminary obscrvations fn that study
indicated that the thickest fibers in the am-
pullary nerve branches were particularly of
fected by this reduction.

It bas also been shown that the sensory cells
on the crstac ere relatively more rchly In-
nervated than the macular hafr cells (Berg
strdm & Engstrom 1973).

The caliber variations in the vestibular perve
bave previomsly been analysed by Engstrom &
Rexed (1940) who reported that 88.5% of the
fibers had an outer diameter of 2-8 mkTons.
Ths work hm bren spomored I part by NASA

Grants No. NGR 52-028-003 sxd NOR. 52-028-004 and
the Unrvendy of Uppeata

7.2% were thucker than 8 microns and 42%
thinper than 2 microny Rasmussen (1940)
stated that the vestibular fibers vaned from
2 to 15 microns with the majority being at
lenst 10 mrcerogs thick,

In the present study the outer diameters of
the myelinated fibers {n the different vestibular
n:rv:b‘mn:h:s have been measured on nerve

biained from 1s of varfons
nges. The aim of the mvestigation was to
clarify the caliber spectrum of the myelinated
fibers In the ampullary and maculsr branches
and to see whether any varations occur with
odd age and with the concomitant decrease
in number of nerve fibers.

PN

MATERIAL AND METHODS

The investigation was performed on cross-
sections from the preganglionic parts of the
vestibular nerve branches. The materizl was
obtained from 9 cases included in the previous
numerical stody Methods of flration, em-
bedding and staining are presented in that paper
(Bergstrim, 1973).

The materral was divided Into three groups,
the first of which was a newborn boy with
18773 vestibular nerve fibers. The second
group consisted of 4 young to middle sged
pemsons  with “normal”™ or near “normal™
numbers of vestibular nerve flbers (16 040-
18 359) and the third group consisted of 4 old
persons, all with markedly reduced numbers

o
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Table ! Age and total mumber of restibular merve

Sibers in the caliber analvsed cases

Newborn Aduhs ol

1day 18773 22y, 18339 Tym, 9214
A5y, 16000 $0yrs, 10203
4 16 532 $0yn, 10074
$ym, 16817 85 yry, 1.000

Table IT Aimber of caliber analysed fibers in the
different restibulsr nerve branches and age groups

Newborn  Adults (]
No amp ant et lat ™2 787 1436
N:nrzmﬂ — 769 1046
N HE 762 1140
N s m 1059 1049

2182 3137 4691

of nerve fibees (9274-12000) The individual
nerve populations are shown in Table I The
mounted nerve sections were photographed
with a Leltz Orthomat camera through an
Orthoplan mrcroscope at 128 x magnification
on Adox KB 14 and Ilford Pan F flim. The
coples were cnlarged to 1000x magnifica-
l&:u and thus 1 mm on the copy corre

magnification the outer diameters of the nene
fibers could be measured with accuracy At
least two diameters were measured, sccount
was made for disfiguration of fibers closcely
packed and, on irregularly contoured fiber,
the most natural looking diameter was used
The most distorted fibers were excloded. Fiben
rangmg in diameter from 0.6 to 1.5 mxnas
are said to have a diameter of 1 micron, 1610
2.5 are reported as 2 microns thik ete A
total number of 10210 fibers were analyssd,
Distribution by age groups and nerve branches
s seen in Table IT In the newborn case the
sections from the posterior ampullary nene
were not sufficlently flattencd out under the
cover glass to allow proper focusing for photo-
graphy and the nerve branch was excloded.
Each photogreph contatned 100-500 frbers
(300 on avernge) and covered different parts
of the cross-section of the nerve branchey ©
that both perpheral and central fibers were
included.

OBSERVATIONS

Superlor ampudlory nerves
Since the merve sections are from a el

nded to 1 micron in the spech At this

H dintely distal to the vestibular panglioe

able 1Ll Distribution of fiber diameters in the different cestibedar nerve branckes in rarioxs ate grag's.

Expressed in

Damapm 1 2 3 4 $ 6 7 8 9 10 11 1. 13 M 1

Ao

Newborn 06 36 11. 183 244 IB4 119 &5 .7 13 @3 a3 j?

Adubkty 03 3 44 6l 95 130 (67 (70 148 85 37 7 10 rg’

OWdgroop 09 16 & 107 87 199 148 1D 43 0 07 04 ol ¥

ot 0o

Aduhts 04 02 47 87 164 B0 156 140 98 64 30 13 {1 03 01 IICDD

Gdgomp .2 43 114 IB3 206 159 120 K6 49 12 0t 04 01

Aatric .

Newborn 13 86 119 10 205 LS &7 357 19 13 o] 02 l';ﬂ
[N g1 10t 1359 193 179 134 71 31 04 a1 @) O. 108

Olgowr 13 3 38 13 21 8 135 19 60 33 1% 13 03 03 OF

Nusce 1.1

Newborn ~% 3 lo. X1 s 17 96 64 32 ay 06 09 100

Adatts 13 T9 51 133 191 171 142 1.6 36 4. LS 06 O- e

Oldpop 1. -4 30 158 N4 .13 143 &0 39 23 03 04
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1234567 80101213

Fig Diagrams of callber specira with dlameters
is microms (A adult groun, (C) old age group. Nene

where the lateral and anterior ampullary nerves
are inseparable they arc presented as & umt.

Acwborn The [iber dameters range from | to
12 mrcrons with the majority 616  bemg
4 to 6 microns. Of the fibers, 23 & are thicker
than 6 microns. In this case there are slightly
more thin fibers (1 10 3 microns) in the in
ferior part of these nerve branches than in the

superior
Acia Orolaryng 76

1
section feom corresponding afe froup 1o the me't
of dizgram. Fosterkor ampullary penve 1 0n0,

Aduft group. Tn this group with “normal” fibet
counts the majority of the fibers arc thich
Diameters of 61 5% are from 6 10 9 miront
and 159~ of the fibers are thicker than ¥
micront

Old age group. TTbers [rom 4 perom b 1
age group were analysed In § case 3% ﬁht:;
old, the superior ampullary nenc coald
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be relisbly demarcated from the utncular
yerve, therefore the flbers of the supenor
Adon were presented as u unlt in the numer
al stidy The aren chosen for the caliber
yshs in this case 11 from the superlor part
the crosssection and well inslde the am
ary nerve reglon
Compared with the adult group there is =
fation towards the thinner calibers. Of the
fibers, 542% bave diameters from 6 to 9
micom and only 77% arc thicker than 9
microns.

Posterlor ampullary nerve

dt group. In thit ampullary nerve branch
w thick fibery are also predomunant The
Jameters of 342% are from 6 to 9 mkrons
and 122% are thicker than 9 microns, The
individual varfatons are mather pronounced
especially concerning the thickest fibers.

Old age group. With old sge and the sub-
sequent reduction fn the nomber of nerve
fibers a dhstinct lom of thick fibers s evident.
Of the fibers in this age group 414% are
found withln the 6 to 9 microns range and
only 1.8% are thicker than 9 mucrons. The
Indivadual variations are small In this group.

Utricdar nerve

Newborn. In this macular nerve branch the
fibers are generally thinner than in the superior
ampullary nerves. The diameters of 53.4%
ure between 4 and 6 microm and 19.9% are
thicker than 6 microns.

A‘z:’m The same situation & found
n 43¢ group with the utricular perve
mx-nbtm-llhlnnnlhmv.henmpun;rymxn
although a few fibers as thick as 14 microns
are observed. Of the fibers, 57 7% are be-
twcanlnd9micmmh1|ﬂnmctcrbuton!y
39 % are thicker than 9 mjcrons.

Oid are froup. A loss of the thicker fibors
occurs abo in this nerve branch. 47.2% of the
;ﬂ:c:havedhmctmfmmﬁmgmlcmmbu(

are thicker than § microm, althou
there are individual variations. .

D TIrvT
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Saccular nerve

Newborn. In this newborn boy the sccplar
nerve fibers show approximately the same
caliber variations as the fibers of the superior
ampullary nerver. 63% of the fibers arc 4 to
6 microns thick and 21 6% have greater dia
meters than 6 microns.

Adult group In thrs age group with "nor
me]” numbers of nerve fibers the caliber distri-
bution b nmilar to that of the utricular nerve
522% of the fibers have diameters from 6 to
9 microns and 6.8% are thicker than 9 microns.

Old ape group. A clear reduction of the
thicker fibers b observed with 462% of the
fibers in this group measuring 6 to 9 mikrom
and only 30% having diameters greater than
9 microns. The jndividual variations are pro-
nounced In this group

DISCUSSION

The ampullary nerves and especially the two
superior branches, contain a greater propor
thon of thick fibery than the macular perves.
The hair cefs on the cristac are relatively
more richly inoervated than those on the
maculac and they arc also mnervated by pro-
portionally more thick fibers than the macular
cells. The conduction velocity of the nerve
fiber Is nearly proporuonsal to the dmmeter
(Rushton, 1951). These observations imply that
there arc greater demands for fast reactons
to angular than to lnear accelerntions.

Tndividual vanationy regarding caliber con-
ditions are found in the “pormal” group the
22-year-0ld woman with 18 400 vestibalar nerve
fibers has more of the thickest fibers O mke
rons and more) than the average In all of the
nerve branches anatysed, whule the 35-yearold
man with 16 000 ffbers bag lesy of these thick
fibers than the average

Ia old wge 2 veduction 1 number of ves.
tibular nerve fibers occurs. In the present
study a deviation of the callber spectrum to-
wards the thinner side has been shown in the
ol age group Thess changes are most pro-

Actar
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nounced In the ampullary nerve branchesn
Whether the thick {ibers disappear fint or the
change in caliber pattern s the result of a
general involution of alf nerve fibers in old age
cannot be determined. The vestibular nerve
fibers from a newbormn boy have also been
analysed and they were generally thinner than
in the adult cases and the nerve fibers from
8 G-week-old boy included in the previous
numerical study were also generally thinner
than those {rom the adults. It has been found
earhier (\Westphal, 1897) that there is & gradual
increase in the size of the myelin sheath wath
mereasing age  Embryological studies (Lang-
worthy 1933) have shown that mychnization
of the vestibular nerve fibers begins at the 20th
fetal week and the process Is not completed
until the time of puberty The differences in
caliber spectra between the newbom and the
adults in the present study can well be ex
plained agamnst this background

ZUSAMMENFASSUNG

Cine Analyse der hallbericrhliftntme bel den myelinl-
werien, pragpanglonaren \estidarersenfasern bel
Memchen verchiedenen Alten wurde durch
megeamt wurden 10 210 Fasern analysiert. Das Mate
1 bertand aus Nenvenpripuraten eines Neugebors.
cn von 4 Ernachsen mtt  pormaler” oder “fast noe
makr” Anzahl Vedfbulamenenfaern ond 4 alien
Personen mit deudich reduzierier Arzah! Nenen-
fasern. Bor dem Neupeborenen waren die Fasern
durchgchend dunner wh ber den Erwacheenen und
alien Personcn. D¢ Ampullarnensn und besonders
dw beiden oberen Aste enthlelten erhihnbmiwig

Acta Orclsryug 76

mehr dicke Fasern ah die Maculimenen, Ia do
Uruppe der alien Penonen war der Anted ddke
Fasern geringer ak in der Groppe mlt nonmales Mt
venfaserm Dics war besonden deutich bel den A
putarnen endsten. Os Loante nicht fegetcth werde
ob dies dorch ein Verschuinden der dichen Fawem
verurtacht wurde oder dn Crpetmb cloer allpereine
Involutlon aller Nenvenfasern L Ahsr war
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OPTORINETIC MOTION SICKNESS AND PSEUDO-CORIOLIS EFFECTS
INDUCED BY MOVING VISUAL STIMULT

J Dichgans and Th. Brundt

From the Newrologicel Clinic with Departmext of Newroplysiology the Untrersity of
Frelbury Breicqen, BRD

(Reveh ed February 17 1973)

Absiract  Pacodo-Coriolls effects (PCE) and opto-

‘e motion ticknem are ellched by bending the
bead oot of the axis of rotation of a cirenlar Vhuasl
induces the -

I etber hfbhin or faclustion of apparcet 1
and naneen,
Large moving visual scepes can induce the
pereeption of seif motion opposite I direc
tion to the moving visual stimulos and it has
been reported that such stimulatron can canse
rrotion sickness in the atsence of actual body
movement. The sicknems has been reported
m immobile people viewing a cylinder rotat
ing around them (Crampton & Yoang, 1953),
In wide-screen movic theatres (Money 1970)
and 1n & helicogter nmukator that included &
large moving visual dbsplay (Miller & Good-
son, 1960). The mechanbms throngh which
thrs kind of motlon sickness arkses, however
have not yet been elucidated.

It is the alm of this paper to describe in
deall what we call prewdo-Corlolls effects

The work a3 supported by Deutsche

bervich 70 (L Himfor
schung oad Smamesphysiologie™).

(PCE) and to demonstrate ihat optokinetic
motlon ncknexr can be clicited by repeated
provoaation of PCE. It will be strewed that
PCE cammot tubjectively be  distinguished
from true Corolls effects (CE) although the
stimulus conditions are totally different. CE
arhe from bending the head duting real body
rotation. PCE, by contrast, arc chicited by
bending the bead daring an apparent self
rotation, called cirenlarvecton (CV), that fs
provoked by a large vixoal surround rotating
about a vertcal axis around & stationary ob-
server Thus, PCE do pot requre the laby
rinthine cross-coupling effects that arise from
similar head movements durlng real body
rotation. But they requirc the scnsation of
motion which is not necemary for true CE
It will be shown that two componcnts are
necessary to elicit PCE, One 13 & centmal equl-
valent of vestibular excitation mediated by
vismal motica fnformaton the other is the
vestibular {apat generated by the head move
ment {tseH

The description of PCE will entail data on
the ime coutse In relation to stimulm onset
and stimulos end and the Importance of stim-
ulos speed and stimulus area and location
withfn the visual ficld. It will be supplemnented
by some results on the influence of opto-
kmetic stimalatlon upon the strength of
Corlolis effects that not only suggest practr-
cal applications but also led us to a prefimi-
nary hypothesls on the possible nevrophysio-
fogial mechanbims underlylng this interac
tlon.

Acta Otoleryng 76
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METHODS
Subjects
A total of 89 students (39 females, 50 males)
took pert in 8 series of experiments. Sub-
jects were previously unfamiliar with the phe
nomena wmvestigated and were pald for their
participation.

Apparatus

Subjects sat on a rotstng char located in
the centre of a closed Gylindnaal drum 15 m
fn diameter whose inner walls were painted
with ventical affernating black and whste
siipes each subtending 7 of vismal angle
(TSnnies/Frefburg). The chalr and the drom
could be rotated scparately or simultancously
at the same or different speeds up to 180 /sec
int either the same or opposite directions. Dur
1ng combuned rotation of both drum and chair
&1 wdentical speeds, drum and chair were con-
nected by means of & clutch Acceleration
speed (servo-controlled), and angular position
of both drum and chair were continuoinly re
corded.

Optokinetic stimulation by the moving
drum could be restricted to any deured apa
Ual extent and conld be presented at any loca-
tion within the visual field. This was achieved
by using black masks which were moonted
immediately adjacent to the inner wall of the
drum. The masks were fixed on poles con
nected to the back of the chair To stabllre
the direction of the visual axs, subjects were
wsked to fixate 2 1 Jumunous spot mounted
on the chalr and presented 1n a posion 60 cm
straight shead of the subject.

The subject » head was restrained by & head-
holder that allowed the subject to bend his
head 45 towards the thoulders when a hinge
[ike yomnt at its base was loasened.

Recordings

Hortrontal and vertseal eye movements were
scpamately recorded by meamt of electro-
oculogruphy (Tung, 1953) and displayed om a
stripchart recorder In some of the cxperl

Acts Oroleryag 76

ments, clectro-cardrograms (ECG), resparatwn
(using & thermo<clement) and gabvame sth
responses were recorded as well Blood pes
sure was measured repeatedly

Quantifications

Subjects, unaware of the real stimules cm
ditlons, were asked to indrcate whether ther
pereerved self rotation or smrround moton o
both Letences from the sudden onset (Egts
on) of constant velocity optokinetic stimels
tion to the onset and completron of pereenad
sclf-motron, as well as the duration of per
cened self-rotation after stimulus end (Rghs
off), were measured by the subpects wary
stop-wariches. Velocities of rral or My
self-motion and Intensitles of appareat body
11t and nansea in CE and PCE resuttng fron
head movements were scaled sepanitely by
magnitude estimations (Stevens, 1957). Sab
ings were performed m reference 10 a stand
ard stimufus (modules) presented once at the
begmning of the expenment The modoles
was assigned an wcbitrary valoe, In addinoe,
subjects were wsked about the directon of
apparent tllt. Comparisons of CE and FCE
were supplemented by the recordings of bood
pressare and galvanie skin resstance. In i
experiments on acute optokmetic and vastt>
Iar motion nckness, the number of bed
movements necessary to provoke aemte D>
tron sickness, nausea and vomiting of etk
ing, was determined. Up to 40 head mnt

ments were requested at 10-second mtervas

The time course of aauses synrptoms was fo
toned over & period of 24 bours.

Experimental procedure
Before beginning the experment, subjects
were told about all the possible stiutas Sior
tfons, but were not informed of tbe 35l
jects flrst practssed bending 1bt
hndddm‘ny;mlhcwbdcmdu
aliowed by the head-holder The head meve
mznxmiluﬂytolbeﬁlh'mdmmw;
left shouider was to be compleird withid




Optokinetie motion sicknexs and psewdo~coriolis effects 341

wconds following the expenmenter's com-
maod.

In the experiments, head movements were
performed only durmg constant velocity rota-
tion of either chair or drum or combination
of both that were presented mndomly As w
ruk, one sequence of two head movements
firt to the right and then to the left was
requested 15 sec after constant velocity was
reached, followmg a period of acceleration
at less than 09 /sec? Between trials, the
drum was opencd for a 2-minute period of
relaxation.

RESULT

Qualutotive similarities of CE and PCE

Preudo-Corlolis effects (PCE) may be elieited
by bending the head doring an apparent self
rotation induced by rotatory motion of the
viml envitonment. PCE also occur in sob-
jects without pror experience of Corjolis ef
fects In the experimental arrangement. Nel
1er apparent sclf-rotation nor PCE could be
distingubshed from real body rotation and CE
respectively The perceptual effects of PCE
and the anociated vegetative symptams quali-
tattvely corresponded to thase of the well-
known Coriolis effects (CE). Apparent tilt,
combined with w yawing sensation, nauses,
increase in heart rate and Irregularty of
resperation 1in CE and PCF showed no qualita-
tive differences (Brandt ct ol 1971) Even
the perceived directions of apparent tilt In

CE and PCE secmed to correspond provided
that bead movements were performed in the
same direction and during identical directions
of perceived self-rotation,

Optokinetic motion tickness

The experiments summarzed in Fig. 1 demon-
strate thar erute matfon sickness con be el
ctted through PCE, re in the cbsence of
real body motkon. In checking the overt symp-
toms of motion sickness (pallor sweating, hy-
permlivation, disorentation, nausea, drowsl-
nen and vomiting), no qualitative difference
could be found between the two extreme con-

i i

nd

° 0 o £ P
—— s Ty

Fig. | Cumulathe {requency of acuis motkm sicknes

Lo, CHATR + DRUM). Rotstions a1 90°/sec, coo-
staot vebocity

ditions of provocatwn. body rotation with-
out surround motion (drum and chalr rotating
together) or drum rotation with the body sta-
tionary Quantitatively the symptoms of mo-
thon axckness chated by vimml stimoll are e
ther less intense or & more profonged stimuls-
thon B required to clicit acuts motion ncknesy.
Aftereffects consisting of prolonged nauses,
drowsiness and dirriness, which were elicited
by rapid head movements, also occurred in
optokinetic motion sickness and often Lasted
the rest of the day

Quantitath e differences of CE and PCE

Apparent tilt and nausea are weaker for PCE
Fig. 2A 2, 4) than for CE provided that CE
wre tliclted dunng chair rotations with the
eyes closed (Fig. 2 A 1) or the visual environ-
ment rolating with the char (Fig. 2 A-6). Un-
der the htter condition there arc no clues
about motion from the visoal environment.

Act Otoleryng 2
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MAGNITUDE  ESTIMATION
(TRT SEMGATION WHEN BENDIMS THE HEAD (0 HE Ml )

o
—
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0

As 30011 as the rotating subject views a visual

™ surround that is statlanary in space, CE (Fig.
’1:,.)1A3 5) are weaker than PCE. In these

caset, the presence of visual motion shmula-
tion (motion of the visual surround relative
to the subject) obviously Inhibits CE. The dif
ferences above described for tilt are signifi-
cant on the .02 level (Wilcoxon test) The
magnitudes of CE and PCE arc not signifi-
cantly influenced by whether or not eye move
ments (OKN) occur during visual motron stim
ulation. Nevertheless, it has been found in
other experiments that PCE repeatedly wers
stronger with optokinetic nystagmus than
with flxation

Time course of PCE and opiokinetic inhibi-
tion of CE

Fig. 2B shows an almost cxponential decrease
of PCE after the end of the vimal stimuolus.
PCE can be clicited up to 30 sec after stimulns
termination thus resembling CV m jts time
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A ROHATION
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ROTARON
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SRCCR AFTL OMfoRmeE NG ST 97
30 second optokinetic stimulation (Hghts olf) (O) De-
erease in optokdnetlc iohibition of CE 1-30 seont
after Hghts off during chabr rofaton. (Afesss o
standard deviations = median — black dosk

course (Brandt & Dichgans, 1972, Brandt et
al 1973) The timc course of
to PCE after stimulus end is panalieled by
that of optokinetic fohitntion after the o
of the visual stimolus reflecting the decres:
ing optokinetic inhfbitian The optokinetic o
hibition outlasts the termination of the visal
stimulus up to 30 sec in & few subjects (F¥
20

Fig 3 shows the delayed increaws fn the
magnitude of tilt perceived during prower
tion of PCE after onset of optokinetic mmn:;
tion. A t tilt durtng PCE fncreass
to at Imm after sumplus onyet, $50%
fog a more projonged tme course than doct
the visually mediated scosation of xlf rots-
tion (CV), which reaches Its steady state aft=t
an average of 6 sec among these subject-

Relation (o gimulus velocity e
Magnitude of CE and PCE increases with
angular velocity of chalr and drum Totsho
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respectively (Fig. 4) CE clicited by head
movements during eye closure ncrease almost
lineardy up to 120 fiec of chair rotatlon, the
highest velocity tested. PCE seem to reach
saturation between 90 and 120 /sec of drum
rotation. The levelingoff of PCE at higher
veloctres corresponds well to eardier results
of Brandt ¢t al. (1973) demonstrating that the
viszally induced sensmition of seif motion safu-
rates at approximately the same velocity

Direcitonal specificity of optokinetic
inhkibition of CE

Only optokinetic lation in the oppont
directlon to chalr rotation mediates a sensa
tion of selfrotation that perceptuaffy agrees
with the body movement and 15 capable of
inhimnng CE (Fig. %) Optokinetlc stimula
tion which inducet a scnsanon of self rotation

e

oRCULARE T
lmm EA S

DRUM ROTAT ON
YO7ec —» 1

——p

7

Tre RGHTH

fow—
TAND AND D

[

T

e (U0 €5TH MW
(L MENIAION WME  IRNOMD THE HEAD O
AR 2L 7 A ST A

{_

2 = © m w0
LoD AP GMONINE T $TRAVE Ov

Frg 3 Magosude of percened tilt 11 PCE (ordines)
» im0 tme afier onset o the optokinetic
snulm (shaciswr) For cocrparisoa, pote the latenccs
of bepn and steady state of ciecnhirvection. (Mewm
and sandard detathom).

i

E =T cHa
ag e
i -]
5! o
i) i

Kl 3

wpecthely (Mcans and S.D)

oppasite In dircetion to the real rotation en~
hances CE. Within a velocty range of 160 /
sec, in both drections, the interachon be
tween optokinetic sttmuli end magnitude of
CE, elicited during a 60 [sec chalr rotation,
f almost linear The fect that {nhibitfon
shows no further increase with optokinetic
stimuli moving at more than %0 /sec opposite
in direetion to the actoal body movement
might be cxplained by the relation between
speed of opiodnetic stimull and magnitede
of self motlon senmtion (cf Brandt et al
1973). The enhancement of CE by optokinetic
stimulation in the same direction ks so strong
that, with a 60 /sec chaifr rotatlon and a
120 /sec drum rotation, several subjects be
came motion sick and vomited after one head
movement.

Moegnitude of PCE depends on stimulus area
and location within the visual fleld

Fit. 6 deprcts magnitude estimations of the
subpective vedocity of the vivually Induced sen-
aation of sclf-rotation and scalings of tilt in
PCE. Tho strong rclationship between circo-
larvection and PCE by suggested not only by

Acta Otolerymg 76
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DUl ROTATION YSEC
CHAIR ROTATHON Y3EC

RESLLTING OPTORINETIC
STRARUS YSEC
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DAUM  ROTATON
DURMNG 637SEC CHAIR ROTATION
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RESULTNG OPTOMINETIC STMRUS  YSEC

HAME DIRECION AT CHAR ROT 3 OFFONTE To CHAR KOT

Fig % i and facl of CE i
ka relation to direction and speed of the optokinetic
stimuhis (abscissa) combined with & constant velocity

; Marities in time course and relation to stim-
Ulus velocity but also by the marked co-varia-
tion of both in relation to stmulus area and
its location within the visual fleld (r=0.785
p2x<0002 [df=25)) PCE and arcularvec
tion similarly increase with an increase in
the stimulus ares and are stronger for sumula-
tion of the peripheral retioa. Masking the
centre of the visual fleld op to 120 in dia
meter (Fig 6d e) scarcely dimimishes either
sensation, whereas stimulation of the centre
(Flg. 61 p) barcly clicits them. The relative
indep from stimulation of the centre
of the visual field i3 further demonstrated in
Fig. 6k where central (30 1o diameter) and
peripheral stimuli move in opposite directions.
In this instance circularvection and PCE arc
determined by the peripheral stimulus, where-
a3 optekinedc nystagmus rchies on the cen-
tral stimulus.

Acsa Orolarymg 76

chalr rotation of 60°/scc, Stimull are Ieted m &
upper part. (Means and 8.D of percefved tht.

DISCUSSION

Coriols effects (CE) are conceived to an%
from crosscoupled angular acceleratiom
sensed by the different semscmrcular caml
n responss to an inchnation of the hesd
while the head Is undergoing & passive rots
tion sbout an axis not aligned with the head
tilt. A mathematical analyns has been ghves
in terms of the physical properties of & sp-
ning top (Groen 1961) or in terms of Coriolt
forces (Guedry & Montague, 1961 Peters
1969). A more vivid and non-mathermtical
appraial has been proposed by Melvill Jones
(1970) Subjectively apparent tilt i composed
of & sensation of tilt about an axls o

to the rotation axis and the head tflt wxs 432
to the momentum cxcess in the honzoatsl
canal and a scnmtion of increased rotation
nboutt.h:cdgf:rmluﬁthn(hductothcmd'
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den stimulation of the vertical canal. Thus,

librated to 2 constant velocity rotation to the
dght about an earth-vertical axs bends his
head to the nght shoulder he will expenence
u tilting backward and a renewed sensation
of rotation to the right The ftod

Pseudo-Coriolis cffects (PCE) and motion
sickness may be clcited by cqually bending
the head out of the axss of rotation of &
moving viszal surround that induces the com-
pellmg fllusion of self-rotation (clrenlarvec

N T’E

1 e
L e
+ ¢

T
) o
2 bty dacod
____\_ -
B
{
“
{‘ e @ T v}
Fig 7 dresing of the trter

actlon berween vieml ioput (second trace) and o
lbnlar heput (third trece) during Coclolls effects.

tion, CV). With the visual surround moving
to the Jeft and CV developlag to the right,
a head tilt to the right shoulder will result
in a perception of tilting backward and on-
going rotation to the right. PCE, 1n contrast
to CE, require the sensation of self-rotation
and, by definition, octur without actual rota-
tlon of the body The neurophysiclogical
mechanisms through which PCE anse are pot
yet clearly understood. Stmilarities jn time
courw, relation to stimulus velocity and de-
pendence on stimalus area and stimolus boca
tion within the viseal ficld! may support the as-
rumption that PCE and CV arc based on a
common process of excitation. On the besk
of pychophiysical data, it has been argued
by Brandt ct al (1971) that convergence of
vioal informaton into the vestibolar system
may provide this basix. This hypothesls is sup~
ported by evidence from a few neurophysio-
logical experiments: optokinetke stimulation

in the medial and lateral vestivalar nuelef of

The predontin roke of the rettm in
dyramic spatial orientation has buen diwcrmed earBer
by Brandi ot al. (1973) snd Dichgams & Branch (1973).

Acte Orolaryng 76
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the rabbit (Dichgans & Brandt, 1972) In the
rabbit some of the neurons in the vestibular
nucler respond not only to angular sccelera
tlon but also to exclusively visual motion stim-
ulation. The directional specificity of these
neurons is opposite for visual and vestibular
stimuli. This corresponds to the natural con-
drtion in which rotation of the animal to the
left Is accompanied by relative surround mo-
tion to the right and vice versa. Prolonged
symmation apd decay of frequency modula-
tion after stimulus onsct and termination
roughly correspond to the time course of CV
In tho case of PCE, head movements are
performed jn relation to the stationary body
The vestibular stimulation that it provoked
by the head movement, therefore, lacks cross-
coupling effects from the dlfferent semicir
cular canals that arse from head movements
during body rotation PCE scem to arise from
a combination of vestibular excitation that is
wmnduced by the moving visual environment
and 15 sistained throughout optokinetic stim
ulation and afferent information that is gen
erated through the head movement itself The
importance of tho afferent vestibnlar com
1n provecation of PCE is suggested by
fact that PCE apd optokinetic motion
, e up fo now have not been induced
1 labyrinthine-defective subjects. Circular
vectlon and shift of perceived vertical (Dich-
gans ¢t al. 1972) however were elicited in
all of the few paticnts studied thus far
PCE may bc provoked up to 30 scconds
after the end of the moving visual sttmulux.
Therefore the shifting of the direction of
motlon of the visual pattern over the retina
mnduced by the hesd movement cannot be a
necessary condition for the fllumon. The vi
sually induced excitation which, according to
psychophysical and neurophysiologreal experd
ments, lasts after stimelation has ceased, Is
a sufficrent bases for the production of PCE
A model that would explain the pscudo-
Coriolis effects entely including the surpris
mg conformity of direction of the Dusory
tit in CE and PCE cannot yot be proposed.
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On the basis of tho mechanrmms discmsiey
above one would have predicted that the &
should occur in opposite directrons 1n CE sod
PCE.

Although it 1s agreed that vestibular Cone-
hseﬂccummnin]yducmfomamh
on the labyninthine receptors, some evidener
for perticipation of extralabyrinthine facton
has been presented. Grayblel et al (151
found that CE ebated by acirve bead move
ments are stronger than those Induced by pas-
sive tilt of the whole body Pomible inflnences
of cervical sfferences or corellary discharges
{Teuber 1960) assocated with the volontary
movement have been discuased.

Inhibition of Coriolls effects by vimal mo-
tion jaformation ks suggested by the genend
observation that subjects are less susceptible
to motion sickness when they are moving b
relation to a visual environment that is sta
tionary in space (Reason & Disz, 1970). Thet
the Slow Rotation Room, prescnting a seem-
ingly stationary visual surround js more effec
tive in eliciting motion sickness than deriees
where the moving subject views the obpeetively
stationary surround fits the same Interprela-
tion. Results presented here clearly indicat
that this inhibitfon 15 direction-spectfic asd
quantitatively depends upon the relatrve speed
of the optokinctic sumnlus. Only opiolmetk
stimuli that move in a direction oppostte to the
body displacement mhibit CE. Those moveg it
the same direction markedly enhance CE. Co-
Holls effects that aro elicited with tho subject
viewing a visual surround moving with respect
to the observer may be called optoldnetics-
vestibular CE fn contrast to the parely e
tibular CE that arc ellcited with closed e
in the dark or In the apparently statiorary
environment of the Slow Rouﬁouhﬂ};ﬁ- ?u‘:
possible explanation of this in
gested 1o Fig. 7 is that the visual mpat coo-
verging upon the vestibular system (secocd
trace of the figure) becanse of jts long de¥r-
time counteracts the cffects of momeatid
cxcess In the horlzontal canals (third tracch
This explagation is supported by tho obeerTs
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tion that optokinetic inhibition outlasts the
exd of the moving visual stimulus and decays
with 2 tme constant smmilar to those of the
decay of self-motion sensation (CV) and the
nrsceptibility to PCE after stimolus end (Fig. 3).

Theoretical formulations of the Coriols
stmulus (Guedry & Montague, 1961 Peters,
1969) indicate that the magnitude of the me
chanical cooples developed within the semi-
crcular capal system is directly proportional
to the angnlar velocity of rotation 3o long as
both the rate and extent of the effective bead
movements arc held constant With respect
to the psychophyskeal aspects of CE, it has
been found by Meda (1952) and Guedry &
Montague (1961) that the perceived tilt is
Imearly related to rotation velocity up to 60 /
sec. We have confirmed these data and, there
fore, disagree with the finding of an expo-
nential ncrease that was described by Rea
o0 & Grayblel (1969). We may 2dd new data
on the relationship between the magnitude
of mendo-Coriolh effects and speed of the
moving veual stimulus. Although the galn is
lower for PCE, there 1 stlll a Imear rela
tion between magnitede of tilt and the ve
locity of the stimulns mdicating to what ex
tent the processes reszmable each other that
generato PCE, in tho case of exclusive visual
sttmualation, and CE, during real body rota-
tion The carier sminmtion of PCE-magnl-
tode at 90°-120 stimulus velocity was to be
cxpected on the baws of the relation between
stimulus velocity and velocity of pm:d'n:d

3 Optolunetic pseudo-Corlols effects that
are elicited daring visually Induced illusory
body rotaton evoked by an exclusvely opto-
kmetic stimulation.

In our opimwon, this classification referring
to sumulus conditions mught help 1n darifylng
some of the seemingly contradictory results 1n
the literatare,

Some practikal consequences of our results
scem obvious; others have to be proven ex
penmentally In order to avold motson sick
ness, one should provide ample peripheral vi-
slon of the external surround in apny kind
of vehicle. In vehicles where virnal control
of motion relative to the statromary external
surround cannot be prowvided, the projection
of a comperable moving pattern might be
helpful The last point is now under experl-

self rotatron, a3 has been d by
Brandt et al. (1973).

According to the data presented, ft seems
reasomable to separate at least three basic
Linds of so-called Corlolhs effects:

1 Vestibular Coriolns effects that occur dur
ing body rotation In the absence of +isual
motion cues.

2 Optokinctico-vestibular CE that are io-
hibited by relative backward motion of the
visual environment and enhanced by an epto-
kinetic stimules sarpassing the rotation of the
body

Brandt, Th., Dici-pt:,] LKcl!-i;.ElmD‘H
feremtial effects of central erses peripberal
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ton that optckinetie inhibition outlasts the
end of the moving visml stimutus and decays
with & time corstant simiar to those of the
decay of self-motion sensation (CV) and the
susceptibility to PCE after stimutus end (Fig. 3).

Theorepaal formulatiom of the Conolls
simules {(Goedry & Montague 1961 Peters,
1969) indicate that the magnitude of the me
clankal couples developed withln the semb-
clreular canal system Is directly proportional
1o the angular velocity of rotation so long as
both the rate and extent of the effective head
movemrents are held constant With respect
to the prychophysical aspects of CE, it has
been foand by Meda (1952) and Guedry &
Montegone (1961) that the perceived tilt Is
inearly related to rotation velocity up to 60°/
scc. We have confirmed these data and, there
fore, disagree with the f{inding of sn expo-
mentlal Increass that was described by Rea-
son & Graybeel (1969) We may edd new data
on the relationship between the magnitude
of pstudo-Coriolis effects and speed of the
moving visual stimulus. Although the gam fs
lower for PCE, there is gtill a lnear rels-
ton between muagnrtude of tilt and the ve-
locity of the stimulus indicating to what ex
tent the processes resemble cach other that
generate PCE, m the emts of exclutive visual
srmulation, and CE, during real body rota-
uon. The earlier smturatdon of PCE magni-
tude at 90 -120  stimulus velocity was to be
expected on the bashs of the relatwn between
stimulus velocity and velocity of perceived

3 Optokinetic pseudo-Coriolis cffects that
are eliclted during visually Indoced illusory
body rotation evoked by an exclunvely opto-
kinetic stimulation.

In our ophlon, thiv clamflcation referring
to stimulus conditions might belp in clarifying
some of the scemingly contradictory results in
the Hteratare

Some practical consequences of our results
seem obvious othert have 1o be proven ex
perimentally In order to avod motion sick
ness, one should provide ample peripheral vi-
son of the exterpal surround In amy kind
of vehicle. In vehicles where visual control
of monon relative to the statlonary external
surronnd cannot be provided, the projechion
of a compurable moving pattern might be
helptul The last point b now under ¢xpen-
mmental frovestigation.

ZUSAMMENFASSUNG

Pacado-Corlolh-Effckts (PCE) oad optokinctiche Be
wsypunpkrankheit kanen durch Kopfbes egungen ror
Schuhtr hin sowpedt werden, wenn rovor durch

sclf-rotation, a3 has been d d by
Brandt et al. (1973)
Accordg to the datx p #t seems

reasonabie to sepurate at kst thres bauc
kinds of so-calied Coriolls effects

1 Vestibular Corlolls effects that ocenr dur
ing body rotaton in the sbsence of vimal
motion cuey.

2. Optokineticovestimlar CE that are m-
bibited by relative backward motlon of the
'hualmdrmmmundcnhmdbymopm.

::f‘km“!uwmslnnhemunouotm
¥

REFERENCES

Dictpars, J &
ferencial effects of central ‘h“”"mmp‘! idighel



346 J Dichgans and Th. Brandt

the rabblt (Dichgans & Brandt, 1972) In the
rabbut some of the neurons in the vestibular
nuclel respond not only to angular accelers
tion but also to exclnsively visual motion stim
ulatfon. The directional speaificity of these
neurons is opposite for visual and vestibular
stimuli This corresponds to the naturel con-
dition in which rotatron of the animal to the
left s accompanied by relative surround mo-
tion to the right and vice versa. Prolonged
summation and decay of frequency modula-
tion after stmulus onset and termmation
roughly correspond to the time counse of CVY

In the case of PCE, head movements are
performed In relation to the statfonary body
The vestibular stimulation that 13 provoked
by the head movement therefore, Incks cross-
coupling effects from the different semich
cular canals that arise from head movements
during body rotation. PCE seem to arkse from
a combinatton of vestibular excitation that is
wdoced by the mowving visual environment
and Is sustained throughout optokinetic stim-
ulation and affercnt information that is gen
erated through the head movement ftself The
importance of the afferent vestibular com
ponent mn provocation of PCE is suggested by
“ e fact that PCE and optokinetic motion

* -~ up to now have not been nduced
#{n labyrinthine<defectrve subjects. Circular
vection and shift of percelved vertical (Dich-
gans et al, 1972), however were clicited 1n
all of the few patients studied thas far

PCE may be provoked up to 30 seconds
after the end of the moving visual sHmulus.
Therefore the shifting of the direction of
motion of the visual pattern over the retina
induced by the head movement cannot be a
nceessary conditfon for the illosion. The v
sually induced exctatron which, according to
psychophyseal and ncurophysiological experi-
ments, lasts after stimulation has ceased, is
a safficient besss for the production of PCE.
A model that would explain the pscudo-
Coriolls effects entirely including the surprs.
ing conformity of direction of the illusory
tilt 1n CE and PCE cannot yet be proposed,
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On the bass of the mechanmns dsoused
above one would lhave predicted that the ti
should occur in opposite directions bn CE 14
PCE

Although It ts agreed that vestibular Cark-
s effects are mainly due to forces actmg
on the labyrinthine receptors, some evdenz
for participation of extralabyrinthine facton
has been presented. Graybiel et al (1961)
found that CE elicited by active head more
ments are stronger than those indaced by s
sive tilt of the whole body Posible mfluenses
of cervical afferences or corollary discharpes
(Teuber 1960) aswociated with the voluntry

bave been di d

Inhibitfon of Corlols effects by visual mo-
tion fnformation 1 suggested by the gemenl
observation that subjects are lexs msceptible
to motion sickness when they are movmg fa
relatfon to a visual enviropment that is sts-
tlonary fn space (Reason & Dlar, 1970). Tht
the Slow Rotation Room, presenting a seem-
ingly stationary vuual surround, i more effec-
tive 1n clfciting motion sckness than devices
where the movimg subject views the objecthely
stationary surround fits the same mnterpret-
tion Results presented here clearly indrate
that this inhibition Is directioa-specific asd
quantitatively depends upon the refative speed
of the optokinetic stimulus. Only optokisetc
stimuli that move in a directron opposite ml.l?t
body displacermnent mhibit CE- Those moring &
the same direction markedly enbance CE. Co-
riolis effects that are clicited with the subjedt
viewing & viual surround moving with respect
to the observer mybeuﬂcdwmh“b'
vestibular CE 1n contrast to the purcly v&
Ubular CE that arc clichted with closed ey
In the dark or in the apparcatly statiocsy
environment of the Stow Rotation Room. 0%
possible cxplanation of this inhibition SF
gested in Fig. 7 Is that the visual Input co
verging upon the vestibular system (seco0d
trace of the figure) because of its long &3y
time counteracts the cffects of momeni™
excets In the borizoatal canals (thlrd e
This explanstion 18 supported by the obseri




Optokinetlc motion slckness and pseudo-corfolis effects 347

Hon that optokinetic inhibition outlasts the
end of the moving visul stimufus and decays
with & Ume constant gimilar to those of the
decay of self-motion sensation (CV) and the
susceptibility to PCE after stimutus end (Fig.3)

Theoretical formmulations of the Comolis
sumolas (Guedry & Montague, 1961 Peters
{969) indicate that the maguitude of the me
¢hgkal coupkes developed within the semi
arcular cana! system is directly proportional
to the angular velocity of rotation so long w
both the rate and extent of the effective head
movemnents are held constant. With respect
1o the psychophysical aspeets of CE, it has
been found by Meda (1952) and Guedry &
Montague (1961) that the percetved tilt is
Linearly related to rotation velocity up to 60°f
wec. We have confirmed these data and, there
fore, dimgree wath the finding of an expo-
nential Increase that was described by Rea-
100 & Graybiel (1%9) We may add new data
on the relabonship between the magnitnde
of pseudo-Coriolis effects and speed of the
moving visusl stimulus. Although the gain b
Jower for PCE, there is still u linear rela-
tion between magnitade of tilt and the ve
joaty of the stimutus indiating to what ex
tent the processes resemble each other that
generate PCE, in the case of exclusive visual
stimulation and CE, during real body rofa
ton The cariler sturation of PCE magat
tade at 90 ~120  stimolus velocity was to be
expected on the basis of the relgtion between
simuln veloaity and veloaty of percehed

3. Optoklnetic pscudo-Corrolis effects that
are elicted durmg visually induced iflusory
body rotation evoked by an exclusively opto-
Kkanetic stimutation.

In our opinion, this classficatson referring
1o stimulus conditions might help in clarifying
some of the scemingly contradictory resulms in
the Hterature

Some practcal consequences of our results
seern obvious, others have to be proven ex
perimentally In order to avold motion sxk
oesx, one should provide ample peripheral vi-
non of the external surround in any kind
of vehicle. In vehicles where wisual control
of motion relative to the statonary extcrnal
surround cannot be provided, the projection
of a comparable moving pattern might be
helpful. The last polnt is now under expert-
mental favestigation.

ZUSAMMENFASSUNG

PCE syizen oine

self rotation a1 has been & d by
Brandt et al (1973

According to the data presented, it seems
teasonable to scpammic st leagt three baxe
kmds of so-calted Corlolis effecty:

1 Vestfular Cociolis cffects that oecur dur
g body rotation fn the absence of visual
motion cues.

L Optokinetico-vestibular CE that sre m-
hitited by relative backward motion of the
Wmvﬁmmmmdmbnn@db,mw
::;“““mlmmwnnhemuummhg

Pacodocorlol Effekie tmd  cptokine
tiacher Nacknystageoes: Eino \ergleichende Unter
Ty weblektiher und obickiher optokinetcher

Albrecht Gl
Ophika 184 47 Creren Arch Kb Exp

Brandt, Th., Dickpm, J & Koy, 1973 Dif
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INTERACTION BETWEEN THE UTRICLES AND THE HORIZONTAL
SEMICTRCULAR CANALS

IV Tilting of Human Patlents with Acute Unilateral Vestibular Neuritis

E. Fluur
From the Department of Oiolarymgalogy Kerolmsia Spakhuset Stockholm Sweden
{(Receh ed February 23 1973)

Abstract Tmuﬂmu,-hhmm{hm-nl\mhhx
oeurils and destruction mystagmps, were pleced fn

mch a poiton that the ulrkde of the sound ewr wxy
 one time sttmulsted 1o ncremsed acthby by the

-nmnlmleumnamrqphimd.

In the socalled Mach-Breuer theory (1875)
o fs stated that the semicircular canals and
the otolith organs react on different kinds of
u:tdcnuon. According to the theory the

lar canals are d by augular
amd the otolith organs by linear acceleratiom.
In a number of studies Jongkees (1954 1966
1967} apd Philipszoon (1959 1962) have shown
that the otolith organs react on linear acce
leration and gravitatjon, but not on angular
acceleration, whereas the semicircular canal
react in sn entirely opposite way However
Jougkees & Phihprzoon (1962) bave demon-
strated that nystagmus can sho be provoked
by linesr accelerarion. These fmdings opeped
the ficld for new investigations at different sites
with cxperimental aulmaly and on human be
iags 1o the latter especially by using centri-
fugation. Graytnel et sl {1952) were unable
to demonsirate nystagmus in pormal homan
subjects cxposed 1o increased gravitational
forces indoced by centrifugation. Nor could

existing nystagmus. McCabe (1964), on the
other hand, obterved dtinct nystagmus when
applymg the same method. Fluur & Siegborn,
(1973) have shown In the unilabyrinthecto-
mizred cat, that titting around its Jongitudinal
axis caused a charactenstic alteration in a pre
cxisting spontancous nystagmus. The cats,
whih had nystagmus toward the nonoperated
ear showed, dunng tilting toward the operated
side an mcrease m nystagmus frequency and
during tilting in the opposite direction an al-
most total inhibitron of nystagmus. The au-
thor now wishes to study the problem, whether
an alteration In the geavitational forces acting
on the otolith organs of human subjects, with
acute vnilateral, labyrinthine destroction, can
chagge the spontanecus mystagmus in the
wame way as in animaly, thus showing that
interuction between the utrcle and the hor
rontal semicircular camals in humans i the
same a3 in some animals.

MATERIAL AND METHOD

Ten patients with acutc unilsteral, vestibular
neunds and destroction nyxtagmos took part
in the investigation Nymmux was recorded
with the ditional hi

elect:

Bergutedt (1961) who used the same method,
elicit any nystagmus, though he vhowed that
[hoear sccelerntion had an influence on pre

The patients were first placed In
u sitting position, with eyes open, in the dask,
behind a diving mask. Spoptancous nysisp-
mus was recorded, and the same procedure

Acw Otoleryrg 76



/ WU g,
ﬁj/// /lﬁ V"" /”'/{/.’ f,,//

c

repeated, but with the patients eyes closed.
After this the patients were placed 1 a hord
zontal position on their right or left mde. In
cach position nystagmns was recorded ar
above with open and closed eyes.

RESULTS
6 patrents, placed with ther sound ear

":'1/ wnwards, nystagmus was totally inhibited

(09

L2

Fig. 2. Scheratic picture of a left-sided, estibular

dischargs {reqoency Nomber of arrows symbolirey
dhchargs freqoency
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Fig. | Electron;
recordings from a patient wfth
scnte unifateral, vestibadar neard
tis e the right labyrinth, A, Spos-
tancow mystagmuns to the kit
patient fn shiing postion.

B, Nystagmus, paticit bn right
supine position. C, Nystagms in
Jeft mupine position.

compared with the spontaneous nystagmus af
rest (Fig 1). This inhibitlon occurred fn 4
petients within 10 sce in 2 patlents 20 to 30
sec were required. In 4 patents there wat mo
total inhibition but a distinct decrease in mp-
tagmus frequency was observed. If on the
other hand, the patients were placed with their
sound ear upwards, nystagmos frequency -

\

Fle 3 Schematic plcture of a Jeflakded, vestbelet
neartly; the patlent b tited toward the right Arros)
indicate the orientation of
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during the recording time (1 min). In the
other 6 patients there was no alteratlon in
uystagmaus {requency

DISCUSSION

The investigation has demonstrated that an
alteration m the Influence of gravitation on
the otolith organs can change spontancous
oystagmus in both a positive and a negative
direction, precisely as in cats. This shows that
the principle of interaction between the utricle
and the horizontal semucircular canals seems
to be the sme within large wreas of the ani-
mal kingdom, including homo

Referring to earlier neurophysiclogleal ex
periments concerning uiricular siimolation and
oculomotor reactions (Fluur & Melbstrdm,
1970} the author will try to show by means of
u few pictures how this effect Is obtained. Be
cause of labyrinthine damage the nystagmos
B clicated from the borirontal, semsctreular
canal of the sound labyrinth (Fig. 2). Flg. 3
shows the situation where the sound ear faces
downwards. This causes the otolith membrane

to shde downwards, thus inhibiting the ac
tvity in the area of the utrkle from which
horizontal eye movements proceed. Becausc
every activity In this region facilitates mystag-
mus indoced from the ipsilateral, horizontal
canal (Flaur & Mellstrdm  1970), poutive tng
gering docs not occur and nystagmus is in-
hibited.

Fig 4 shows the sitoation when the sound
ear faces upwards Here, the otolith mem-
brane slides Inwards medeally This causes the
activity In the above-mentioned area to In
crease and, consequently facilitates nystag-
mus Induced from the ipsilateral horizontal
seafcircular canal, 3o that in certaln cases
nystagmus frequency [ncreases.

ZUSAMMENFASSUNG

Zeho Patlenten mit akuter unilateraler Vestbularis-
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RECONSTRUCTION OF MIDDLE EAR WITH OLD RADICAL CAVITY

J Szpunar
From the Department of Otolaryngolory Medical Acedemy Kreldw Polend

(Recelved Jammary 2, 1979

Abstract A techaiqoe of worgical reconstruction of
the middle ear subjected previomly to a radical

only rafta, b pro-
sated. Misdog bony camal wall aro recomstricted
whh tragal cartleger wd fs ckin Ening—by using
the epadermal laing of the mevtold bosl. ATl squam-

widely prachsed arc now those aiming at re
storation of the canal skin (Palva, 1962, Guil-
ford, 1961). In the technique of mastoldplasty
with reconstruction of the canal tkin Palva
(1962) and other authors stress, as an impor
tant factor completc separation of the obh-
terated mastoid cavity from the tympanic
cavity and the car canal For functional re

|
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radical mastold cavitiex, the regult of previom
surgery For more than 10 years the trend has
been to climmate these cavities as a secondary
procedure, frequently making ose of variously
txshoned and pedicled muscnlar or musculo-

mastoidplasty Austin &
Sanabra, 1963). Of these procedures the most

1-TareE7

sait  habilitation of the patient a columellar-type
ype, lop!. is often ded (Austin
& Sanabris, 1963)

Unfortunately these muscle of musculo-
periosteal flaps almost always tend to shrmnk
and retract and, as only the canal skm s re
constrocted, a marked, sometimes cavity-lke
retraction of the canal Is often prodoced.
Furthermore, m a certain percentage of cases
complications may arse from thess obliterat
ing procedures, such as bleeding or hema
toma, partial necrosis of the flap and infec
tion, even occanonal labyrinthitls (Elbepmd,
1963).

In cases with an old radical mastosd cavity
few euthors tmve g0 far published thefr ex
periences of complete reconstruction of afl

ic and funct} of the
middle car using only autogenous grafts.

Slice 1965 at the hrakdw Otologic De
partment & technique of closed tympano-
plasty 1f necessary with recoustruction of the
canal with ripyd autografts, such as bone or
cartilage, has been used in the majorty of
paticnts (Sekula, 1968, 1970 Szpunar  1966).
It s desirable that a reconstruction of the

Acsa Otolaryng 76.
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ebandoning mastoldplasty one svolds al] P>
sible complications connected with this proce
dure. Our expensence wth this type of surgery
seems to support this view as we obtained
prompt healing, without any comphcations,
In all 22 cases operated on using this tech-
nigne,

Full reconstruction of the muddle ear with
an old radical mastord cavity Is certainly oae
of the most difficult reconstructive operations
on the middie ear In such casey only founds-
tions of the middlo ear are keft” (Aboulker
¢t al, 1970), and it 15 necessary to rebulld,
step by step, all s anatomic and functopal

1 under untavorable conditlons. Sinee

Fig. 1 Sch of don of

the superior bony canal wall by a tragal cartilage
#raft in & case after 8 radical mancldertomy Note
free communication between the mastold and tym-
panic carities underneath the cartilage graft (errorw)

canal with bone or cartilage should also be
used for such extenslve defects of the bony
canal as in cases after a previous radical
mastoidectomy In closed tympanoplasty the
postoperative cavity in the mastold process it
communicated through the aditus with the
tympanic cavity apd the Eustachfan tube.
imilarly we belteve that in cases with an old
_ddical cavity reconstruction of the bony
cangl should not interfere with communica
tlon between this cavity and the tympenkc
one, to facilitate re-aerstion and drainage of
the mastold cavity by the physiologic way
(Fig. 1). This view Is also shared by Sekufa
(1968). In this situation 1t is necessary to leave
#s much as possible of the mucous lining of
the middle ear spaces to facilitate regrowing
of this lIming in the places where mucoperios-
teum s deficient Thus the normal mucosal
lning of any remaining mastold cells should
be spared.

In such cases ji 15 not necessary to fill up
or diminish the mastold bowl. Aboulker et al
(1970) has already pointed out that the prob
lem of obliterating the mastoid cavity is only
secondary if reconstruction of the posterior
bony cansl wall hey been performed. By

Acta Otolerymt 76

radical mastoldectomy is usually undertaken
to end long ding middie car
many important structures of the middle ear
are missing in consequence and the remain-
ing tissues are very often of poor blologk
quality

In reconstruction of tho middle ear after s
previons radical operatfon 3 main opemthe

stages should be distmnguished.
1 Reconstruction ol the posterior superor
‘bony canal wall

2. Restoration of the sound conductlon meck-
annmL

3, Total reconstruction of the tympanfc mex-
brane.

Successtnl reconstruction of missing poste
ror-superior bony canal wall, with restaration
of the contour af the canal, may be achieved
by using either autogenous bone or cartilage.
In our experience, In confornuty with Mc
Cleve (1969) the best material for this pur
pote is tragal cartilage. Its advantages are &
follows. (a) 1t is casily available without a 0%
metic defect, (b) its size }s Quite adequate 1
p;u,m.mhmdermiumecml
(0) if property wedged between tho edges of
the bony defect 1t is righd and elastic coough
to maintain the coacave contour of the canth
(d) it earily hesls 1 place, without say foss
of tissuc.

The technique of obtaining tragal cartiag
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bas already been described (Goodhill, 1967
McCleve 1965). We remove the entire tragal
cartllage with intact perichondrium left on
both sides. The cartilage fs wedged between
the edges of the bony defect (Fig. 1) leaving
beneath the fower edge of the cartilage a gap
serving as communication between the mas-
told cavity and the restored tympanic cavity
The canal side of the cartllage fs then com
pletely covered by the previously elevated sn
Imfog of the mastoid bowl, which forms the
canal siom,

Restoration of the sound conduction mech~
anlsm often poses dufficult problems In casey
with old radical cavities as usaily there is a
complete or nearly complete destroction of
the omucular chaln. Occasionally the malleus
handle, aftached to a small remnant of the
tympank membrane, can be found, in which
case, 1n tho presence of an intact stapes, con-
neetion of these osticles (malleus-stapes as-
sembly) may be tried by mn appropriately
shaped piece of autogenous bone or cartilage.
Usually however the sound conduction
mechanism hat to be reconstructed here on
the cotumella principle (Austin & Samabria,
1963) If an Intact stapes is present the situs-
tion Is evidently more favourable. It might
scem that simpie columellimtion could be the
procedure of choice here. Unfortunately the
anatomic conditions found 1n the middle ear
are murely o favourable as 1o ensure efficient
{unctioning of this mechanfum, even when the
facial ridge has previoasty been partially taken
down. Thercfore, In the great majonty of
these cascs it 13 necewary to place an omicular
remnant, if such &5 found In the cavity or &
surtable prece of sutogenous bone or cartilage,
between the stapes head and the fascial graft

It the superstructure of the stapes {s lack
ing, ay s often the case, any ossicular rem-
nant or a L- or T-sheped strut of autogenous
bone or cartllage may be used a1 & col 11

formed secondarily after succewsful healing
of the reconstrocted tympanic membranc. In
our material we have no such cese

Reconstruction of the rympanic membrane

In cases subjected previomly to mdical mas-
toddectomy there Is almost wlways a total or
subtotal defect of the tympanic membrane so
that some method of tota!l myrmgoplasty is
needed. For this purpose a farge graft of tem
poral fascia or of some other connectrve tis-
soc s wsed.

OPERATIVE TECHNIQUE

A postauricular inclsion s used and the pos-
terior wall of the canal skin Is cut transversely
at the kevel where the cavity begins, Thess two
Incislons allow very good vismalisation of the
mastodd bowl If the cavity Is not too big ity
entire epldermal Tining is clevated, great care
being taken not to Injure the lining often
adhering closely to the underdying bone. This
lining s contignous with the remaining skin
of the auditory canal it b Inciscd along the
facial ndge has been partially taken down
the tympanic cavity which has to be removed
later Thus mobllired epidermal lning of the
mastold bowl is the most suitable materml for
reconstraction of the posterior-superior wall
of the canal skin (Sadé, 1963)

It the mastodd bow! s a voluminous one,
only an antetlor part of its Iming is used for
this purpose, the redundant portion being
thoroughly elcvated and discarded. Then the
bow! k& revised and anmy cysts, diseased eclls
or bone are erndicated. In 3 cases wo found a
voluminous cholesteatomatons cyst m ths pos-
tertor part of the mastold bowl under a
healthy-looking epndermal lining. If necessary
the bone edges of the cavity wre trimmed or

to be covered by a faschal graft

If the footplate is fixed Aboulker (1970)
suggexts removal of the footplate combmed
with the veln graft-stapes prosthesls, per

hed. Tt s not advisable to remove the
normal mucosl Hning of masiold cefls, as
from it a new Huing of the whole cavity will
reform.

In the pext operative step any pethologic
Amad}
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Fig 2. Individial hesring results (average speech fre
quencles) n 6 patients, 16 months to 4 years after
total reconstruction of middle car # hearlng Improve
ment O bearlog impairment, Pastoperative booo con-
duction fy Indicated by a horironta! bar

material in the tympanic cavity 1 removed
and patency of the Enstachian tube is ascer
tained. Evident pathology such as polypl,
granulations, rarked mucosal hypertrophy
sometimes found under epithelinl lining of the
cavity i3 removed, greatest care betng taken
to preserve the mucoperiosteal Iayer Spectal
attention is pard to the window regron which
sbould be cleared of all pathologic tlssue
~ Areas of typlcal squamous, sometimes mairix

n g::jepnhcllum‘ found at the medmal tym
’

c wall can usmlly bo meticulomly pecked
off from the mncoperfostenm. Minute defects
of the periosteal layer are left alone but
larger defects compromiss to & great degree
the end resnlt of the operation.

Any remnants of the tympanic membrane
are left in place In a caso with a skin graft
put in at the previous operation to seal off
the tympanic cavity at least parts of it may
be used as a tympank membrane after deli-
cate dissectlon from the medlal tympanic wall
On the other hand, very thin membranes,
pasung over the window regron and hypotym-
panum should be removed.

Then a suitable type of oxdculoplasty ac
cordmg to the principles previously outlined,
b carried out. The conditon of any ascles
found, m particular that of the stapes, is here
the decisive factor
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The bony canal is usuzlly reconstrocted by
the vse of autogenous tragal cartiage. The
graft Iy trimmed according to the size of the
defect to be filled and wedged between the
edges of the bony defect. If necemsary the
edges are grooved for better fixation of the
graft, Care {5 taken that the cartflage doet ot
touch the medial wall of the attic so that free
communication between the mastold cavity
and the reconstructed tympenic cavity k
maintained.

The lining of the mastoid bowl, previomly
clevated, is placed on the canal side of cartik
age to become the skin lining of the restored
canal. Any defects in the Lining arc covered
with a fascin graft tucked under their edger

The last step of the operatwan fs reconstroe
tlon of the tympanic membrane (total my-
ringoplasty). The epidermal layer of any rem-
nants of the membrane 15 dissected in contin-
uity with & few mfllimeters of the canal skie
and clevated, carc being taken not to disturk
the annulus or amy remnants thereod At
places where the annulus 15 destroyed, more
canal skin is elevated and reflected upwasde
A large temporal fascia graft is then placed
30 that its anterior and inferfor margins Ie
on the annulus and arc overlapped by the rz
of the canal skin and, postibly by the re-
maming epidermal layer of the membrre
The remaining margins of the fascaa graft are
overlapped by the reconstructed caml skin
Lning If there are any defects in the skin
lining, two separate fascra grafts should b
used ono for reconstruction of the tympank
membrane and the other for covering the de-
fect of the canal skin lining.

Thus the reconstructed middle car space 8
usnally of almost normal depth. As draleag?
of the mastold segment Is establshed throogh
the tympanic cavity to the Enstachian tub,
we usually do not fill the tympanic cavity ¥ith
any absorbable material Only when it s &
ally necessary to support the fascse gralt from
underneath pieces of gelfoam are phaced B
the muddle ear space. Tho cas canal Is Tightly
packed with pleces of gelfoam and strips of
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Tuble 1 Loq-mmmondcrmdua/mmhnaflhtmuﬂemhﬁpaﬁmuwhmold

radical carity
Condnion of the Aoy onkda Type of Postoperntive  Postoperetive
:»L A aviy et {ollow-up resutts
Some prantdations  Remoant of mallent. Remmat of 13
! * Dl:mythnmoldcdh Low of stapednl ?nnm-ou momby  camal 16 10 mm
membrane moblle
2 135 Dy Sape Strple 4 Dry
cotymellnation yeiny canel 13 10mm.
Regtored
membrne moblle
stapodl W of 16 ear
: ¥ 1;;:( c;ﬁnm I:’ml 12 10mm.
footplate Mobitity of the retored
poor
kY Some pranulatioon Remmant of lecus.  Remmnt of xr Dry
¢ deuummn:n Lo of stapecinl ;n:mun yours anal 15 19 mm
the window tegion crura [ootptate Restored
Previows tympano-  Lows of stapedial  Wedpo of 2/ Dry
’ * %mﬁ: oonvers. e arilspton  yeans amal 17 4mm
the medtal of fuotplate
the poddle sar membnme of diminishad
oy
6 23 Dry $oall cholesteatoma Remmunt of males. Wedgo of 1% Dry
under the ing. Lom of stapedul crdagron  monthe cural 14 1l om
oo Tootplate Restored
membrans moblle

guure The postauricular incidon b dghtly
closed.

Imdications and confra-ndications for this
ype of surgery
A typical Indication for recomstrpction of the
middle ear after previous radical mastoidec
tomy exhits when the patient has undergone
a madical operativn ofi the contralateral as
well or when the hearing lost of the other
d ear b app at the mme
fevel Il bearmg of the other esr 8 normal
or only dightly depressed an operation may
sll be indicated, expecially if the patient has
evident troubles with the ear operaled on
{posturicylar fistuls, intermittent discharge,
vertigo etc.). On the other band dealness or
poor residual hearing in the contralateral ear

5« definite contra-indication for recomtruc
tion.

Before it fs decided to operate on a petient
with an old mastoid cavity the fallowing con-
ditions have to be folfilled.

1 The ear to be operated on must have a
fairly good umet ear function.

2 The patlent shauld ot be over 60 years
of age.

3 The ear must be dry and frec of infection
for at least 3 months before the cperation.
Very reanty mucoul seeretion with repeatedly
negpathe bacteriologle examinatiom does not
seem 1o be a definite contra-ndkeation. On
the other hand In a casc showing extensive
pathology in the cawity combined with an
mfmmnmmummncdbym
antibiotics, it is usually necessary first to per
form a revislon operation with the sole aim of
eradicatmg the pathology in the middle car
and m the mastowd then to proceed to sec-
ondary reconstruction.

Acm O¢
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Fi3 3 Posopersiive bearing roult, 16 moathe after
total middie ear rocomstruction in a 26-year-old
woman, subjected previonly to a radical mastoldet
tomy — alr copduction curve — post
operative air coodoction carve [[[, boee condnc
hon

RESULTS

We started this type of surgery in 1968 and
have performed the technique described in 22
patients, In all patients thus opcrated on we
wmve noticed rapid healing and integrity of
all grafte In the great majonty of cases the
ear canal has postoperntively been of a nearly
normal or shghtly deformed contour and its
slze cither normal or somewhat enlarged This
has been substaotiated by postoperative meas-
urements of the canal sire in two diameterss
vertical and transverse. In all cases the tym-

the postoperative canal size, arc presented o
Table I, where details of pathology found f
the middle car at operation, and vamatioss
In osstculoplasty are also given.

Functional postoperative results in these §
paticats are shown in Fig 2. As can be xex,
there is a more or less marked hearing i
provement In 5 patients, the air-bous gap
attalning values of 10~25 dB In 4 patients 3
serviceable hearing level (30 dH) has been
reached.

The following case 15 an examplr of this
type of surgery A 20-year-old woman (m-
tient no 1 in Table I) underwent a right redi-
cal mastoidectomy 5 years before the recoo-
structrve operatlon, which was performed 18
months ago As a part of the mallens was
found at the operation and the stapes super
structure was absent, a wedge formed from
the mallecus was pat on the footplate to coo-
tact the fasclal graft, The defect of bony cansl
wall was reconstructed with tragal cartilage
The detalls of surgery in this casc arc ghea
in Table I, and the functional result In Fig. 3.

panic membrano has been restored, showing
In 2 cases a small dehiscence and in 3 caws,
markedly diminished mobility Andiometrnc
examinations, carried out 2-8 months after
the operation showed in almost all patients
heanng lmprovement, rangiog from moderate
(cx. 10 dB) to very satisfactory one (30 dB)

Long-term resuts

Six patients have & follow-up of 16 months
to 4 years. Their postoperative anatomic re
sults, including quantitative data regarding

Aete Orolaryng 76
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HYDRON GEL IMPLANTS IN VOCAL CORDS

Z Kresa J Rems and O Wichterle
From the Clindc of Ororkinolarsngology Fecwlty of Medicine
Charles University Pi-cK, and the Instimte of Macromotecular Chemistry
Crechadovak Acadermy of Sciences Pragme Crchodovella

(Recehved Febnmry 12, 1973)

Abstroct. A pew method for the adhstment of in-
safficknt vocal cord wm described. A Hydroa rod
wa fmplanted while applying total anesthettration in
a direct har

}nc nsufficrent closure of the glottis due to
various causes has to date been cured by in
jections of various lquid or semuliquid sub-
stances winto the larynx. Luchsinger & Arnold
(1959) used paraffin. Amold also used ground
nasal scptum cartilage, bovine bone powder
tantalum oxide and Teflon or silicone par
ticles with glycerine (Armold 1955 1961
1962, 1963) Goff (1960) used 2 bovine bone
paste, Lewy (1963 1964) used Teflon and tan-
talum, and Rubin (1965 1966 1968) applied
Teflon and silicone in emulsion.

Generally speaking, however the organic
particles have the disadvantage of being ab-
sorbed after some time the particles of plas-
tis become surrounded by giantcell granu-
lomas, or they may migrate, sometimes pene
trating into the vascular or lymphatic system,
they can also have carcinogenic cffects
(Boedts et al. 1967 Kirschner & Svoboda
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1966 Northdurft, 1955 Oppenhelmer et al,
1958).

In this communication we would Tike to &t
scribe 2 new operational method for vocal
cord adjustment in the case of msufficient
closure of the glottfs.

The method consists 1n that a shaped -
plant of hydrophilic gel, with advantage dmed
to a glassy hard state ls introduced into the
vocal cord. When in tigme the implant
quickly swells to become a highly ehstic soft
matter

The flrst opcration was carred out oo 2
21 year-old patent suffering from bilatenl
atrophy of the vocal muscle Sinee his child-
hood the patient had been speaking i 3
hoarse veiled vokce in spite of repeated vocal
reeducation at the CQlime of Phonfatry i
Prague (Head. Prof Dr Seeman) mo umprove-
ment of the voice could be observed The pa-
trent had a very short phonation time (8 sech,
the vocal Interval being only four tonet The
patient experienced a great vocal fatigue.

In the operation a rod-shaped gel (10 om
Jong, 1 mm di) was used groand oa both
sides to form s conical tip

Under total endotracheal anesthesia, I &
rect aryngoscopy after Klelnsasser apd wmdet
an operational microscope, the mucos of the
upper surtace of the leht vocal cord ¥t b
jected to incidon approx. 2 mm lopg & fore
distance from the Insertlon of processus voca



Fig 7 Schematic view of the tramnerse Inclebon aad
the Hnal posrtion of the trphnt.

hs. The sharp tip of the impiant was then slid
nnder the mucosa of the upper surface of the
vocal cord, as near as pomsible o ity free edge
(Fig. 1)

The three-dimenslonal hydrophilic gel & o
wbstance  developed In Czechoslovakia for
medscal purposes, rnd known under the com-
mercral name of Hydron. It is obtamed by poly
merization of the glycol esters of methacrylic
acid &3 & continuous three-dimensional macro~
molecular network. By choosing specific con-
ditoms of synthews, the structure of this tub-
siance was intentonalty made soch a3 to allow
of its long-term deposition in the living thssne

The substance wes dellberately not mod-
elled on topolymers, 5o that it would not be
damaged in the living tissue by enzymatic pro-
ceswes, and the products of its degradation
Gf any) would pot produce Immunologial
resctions. Despite their baseally different
chemical structures, these compoonds have a
nomber of propertics close to those of the v
ing tissue, from both physicochemical and
mechancal pointa of view A standard, strue
turally simplest type of thrs gel has been ap-
plied both expenimentally and in clinkcal prac
tice for more than 15 years, and Hs compati-
bility bas been proved for many types of tis-
sie (La Guerre et al, 1963 Hubilek et al,

1966 hliment et al, 1968 Kofara et al,
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1968 Krejci et al. 1970 Kiistek et al 1966
Levomtz, 1969 Sistek ct al, 1968 Warren
et al, 1967 Wichterle & Lim, 1960)

Mechanical properties of this substance
{chstiaty strength) and swelling can be in-
fluenced by various maties of the initial com-
pounds and condisont of potymerization. The
three-dimenstonal crosslinked gels are com
pletely insoluble fn all known solvents and re-
sist ecids, bases and enrymes. The consistency
of the gel can be varied within a very broad
range, from the amoeba-like softest substances
to glassy polymers.

Onc advantage of the hydrophilic gel Is that
it can be casily sterilized by bolling or keepmg
in an autoclave at 120 C, or by subjecting it
to dry heat treatment at 140 C.

Permeability of the neutral hydrophillc gel
for water and water<oluble compomnds rmakes
tbis substance buasieally ddferent from the
conventional plasties. A gel Implanted into or
ganism allows diffomon of water and water
sohible low molecular-werght compounds. In
thus way the implant particrpates—although
to a very small degree—in the metabolbm of
the surrounding tissue through the mass trans-
port.

Alter some time a fine fibrous encapsula-
tien of implants without any important cel-
lular reaction takes place in the tissmes.

To obtain a better penetration of the im-
plant into the vocal cord, if the latter is con-
siderably scarred, we made operational tools
sccording to our own deslgn which enabled
us to obtain a submucous tunnel In the voenl
cord.

The implagt in the vocal cord swells within
a few minutes, and becomes soft and supple,
The increase in volume and smilarity between
the clastic properties of the Implant and those
of the surrounding tissuc provide for the fixs-
tlon of the {mplant.

A comparison of Figs. 2 and 3 shows a
change fa the shape of the vocal cord, expect-
ally the mmoothmg of its edge after implanta
tlon. Its mass was increased, which improved
the closure of the glotth,

Acta Otoleryng 76
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Fig 3. Appearance of the
méa!cadmd.uury
after operation.
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Fig 4 Sooagram of the written text befors and after
operation

For 10 dayy after hmplantation, PNC and
STM were applied in injections m usual doses.
The vocal cord was soaked for 2 days ounly
and returned almost to pormal within 34
days. Immediately after the operation the
volce was more sonorous, a Iittle deeper and
slightly breathy The patlent did pot have to
rest his volce and there were practically no
resinctioms fn his speech,

A week after the fmplantation the laryngo-
scoplc finding showed that the splndledike
gap between the vocal cords hmd been cone
slderably reduced on the mde of the fmplant,
where the vocal cord reached practically to the
central line. The volce was alto much better as
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can be seen from the volce analyses carrled
out before the operation and a week after The
phonation time became longer (16 sec) Le.
was doubled.

The patent himself declared that he spoke
much better and with much more ease than
before the operation, that the effort while
speaking was much lewy, and that ke did not
feel volce fatigue The sonagram (Flg. 4)
shows before operation a pronounced breathy
rustle up to 4 0004 500 Hz; In the nght hand
part, after opemation, the rustle has dhap.
penred. Fig. 5 the keft-hand part of the tona
gram (before operation) shows a breathy
rostie in the main formants of the sound &

rman,
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& before and afwer operation.
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Fig 2. Appaarmce of the
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VIDIAN NEURECTOMY IN VASOMOTOR RHINITIS

Z. hrajina
From the ENT Departrent Medicel Faculiy University of Xagreb Zagpreb Yugpodavia

(Recehed November 7 1572)

Absract Vidian neurectomy b the recommended sur
gical trestment for yasomotor rhiniths reskstant (o con-
sennstive therapy 16 cases have been operated an
over & period of 9 years, Only in ons case did we
not eocounter complete snccem and fn 2 cases we
hed relupacs after 2 years on the pnopersied aide of
the nose.

At the ENT Department of Zagreb 16 vidian
rescctions have been performed since 1964 A
comparatively smaller number of such opers-
tive procedures over a period of 9 years Is the
result of our stricter indications 1n the surgery
of vasomotor rhinrts. Furthermore with the
indications, we hope to discover the es-

~ of pathophysiological changes following

lfian resection.

AUTONOMIC INNERVATION OF
NASAL MUCOSA

Tschalussow demonstrated the exrstence of
vasomotor fibers 10 the nasal structure for the
first time in 1913 By applymg electrical stim-

ic fibers. Except fn the vidian nerve, cholin
crgic fibers were found 1n the ethmordal nenve
and to a lesser extent m the maxitary nerve
(Nomura & Matsuura, 1972). However it ap-
pears that most of cholinergic fibers Le i the
vidian nerve and that it innervates the most
active areas of the nasal mucosa of the
lower and middle tarbinate as well as the cor
responding part of the septal mucosa.

The cholinergic fibers terminate mahly la
the nasal glands, the arteries, and the arter-
oles, and to a fesser cxtent In the stmusolds
There were no cholinergic fibers running to
or terminating at the clliated epsthelimm Io-
cludmg the goblet cells.

The vascular nasal system Is richly provided
with sympathetic fibers while the nasa! glands
are almost devold of adremergic nerve fibers
and only occasionally are they seen mear the
glands. In this way the cholinergic lnnens-
tion is predomt In the f ing of the
nasal glands while adrenergrc [nnervation b

ulatlon he showed that ctar fibers
entered the cervical sympatheuc chain, and
vasedilator fibers the vidian nerve when he
applied nicotine to the sphenopalatine gan
glion, the vasodilator response was replaced
by vasoconstriction. Blier (1930) confirmed
Tschalussow s finding that vasoconstrictor fi-
bers were present not only in the posierior na
sal nerve of the dog but also m the vidun
nerve, and he d d that v ric
tron dfsappeared after superior cervical gan-
glionectomy and degeneration of postganglion
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predomt in the functioning of the ¥as~
cnlar system of the nasal mucosa.

The effect of the exclustion of the pard-
sympathetic nerves and the sensiblity of the
nxsal mucosa have been studled 1o our £as3
of vasomotor rhunits which had been sub-
jected to vidian nearectomy

FINDINGS

As early as 1926 Sewall described a transantral
approach to the vidlan nerve in cadavers bt



Vidion neurectomy In vasornotor rhinltly 367

i
i

rocces befory  kdffan fenr




74

rd 4
"Q Fig 4 Eostnophlh of pasal row-
el M

did not report applying it in a lving patlent
(1937). His perfect technique was quite stmilar
to our approach today Golding Wood (1962)
recommended his technique of neurectormy of
the grester superficial petrosal and vidian
nerve 1o stubborn cases of vasomotor rhuni-
tis in order to ablate the parasympathetic

nerve

In our clinjc we began to apply vidan neur

ectomy in 1963 Onr modification of this ap-

roach was described in Internationa! Rhino-
logy 1965 (hrajina & Kosokovié, 1965 Un-
til now we have had only 16 cases.

We belicve that every case ol vazomotor
chinits coastitutes & syndrome of the most
varymg actiology For this reason a thorough
anelyxds 1t necessary in order to ascertain it
possible, the true actwological factors. Follow-
jng this, we use conservative treatment either
locally or generally Omnly in cases where con-
servative treatment © ansuccessful and whero
the subjective symptoms of the patient are
very marked, do we have recourse to the sur
gical treatment of vasomotor rhymitis.

Ia no case was the internal maxillary artery
tied, as the posterior wall of the maxillary
sinus was removed medially and superforly
where the ganglion was cauly found just
above the entrance of the sphenopalatine ar
tery This structure can be easily lwolated and
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cosa before vidim peurectoay

has the shape of the lens. The lateral sensitive
branch of the ganglion k not touched and the
posterfor branch which s actually the vidmn
nerve is drvided. In our fIrst cases we carried
out limited coagulation of a part of the gang-
lion. In none of our cases were any complics
tlons encountered during or after operabon.
The results were excellent oxcept for the one
case where the psychosomatic background was
very marked.

In all 16 cases vidian neurectomy was made
mnilaterally on the srde of the more markat
symptoms. In 2 cases we bad relapses after 2
years but on the unoperated side of the post-

Golding Wood (1962} assumes that the -
flex arc for vasomotor sympioms coukd be via
autopomic nerve fibers. Cutting the pare
sympathetic fibers on one side severs the fpe
Interal efferent supply and reduces by half tb¢
afferent spply and a bilateral effect can be
obtained.

During the operation and 10 days after It
the nasal mucosa was histologicatty examtocd
in order to observe the effect of vidian oeur
ectomy In all our histological studies e have
found & very pronounced histological differ
ence of the nasal mucosa before and after
vidan ncurcctomy While the mncous mwm-
brane of the nose before cutting of the merve
showed very numerows micous glands tn the
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hyperactive state (Flgs. 1-3) after cutting the
glands were decreasing in number and in a
stage of normal and stabilized secretfon (Figy.
5T7) Moreover ectinophils in the mucous
membrane of the nose drappeared after vi-
dian neurectomy (Figs. 4 and 8)

DISCUSSION

™ Vasomotor rhmitls develops basically due to

)lu!onom}c dystunction with the prevalence of
the parasympethicomimetic reaction. The
reasons for thhy can differ such as allergy
emotional dsturbance endocrine changes and
physical agents. Parasympathetic influence
bas a localised charucteristic because it is
mamfested by the parasympathic ganglion
close to the organ nnervated by it. Two or
gans, the nose end the genitals, have a special
parasympathetic innervation, the richest m
the body For that reason the noss has a spe-
cial place in this type of autonamc dysfunc
tion, with paresympathetlc manifestations
such as hydrarrhea nasalls, meezing, and itche
ing of the nose. The mucous glands are mostly
innervated by the parasympathetsc nerves, or
by the vidian nerve in the nose. It seems that
the secretron of the nasal mucosa in chronic
vasornotor rhimtis s mostly produced by the
mucous ghnds and for that reason the effect

Acr Oroleryng 76

of nenrectomy s achieved. The vidian nerve
also contans some sympathetic branches from
tho petrosus profendus but only the pars-
sympathetic part has its interruption n the
sphenopelatine ganglion In addition the ad-
renergic influences come directly to the masal
mucosa through the rich vaswcular system of
the nose.

Krajina & Poljak (1961) and hrajina et al
(1972) found experfmentally a stronger sensh
bility of the nasal mucos after the interrup-
tion of the sympathetic supply to the maml
mucosa. They concluded that parasympathico-
mimetic reaction of the nasal mucosa leads
to its stronger sensibility which 18 reflected
not ooly in the nasal mncesa but also on the
Iower resparatory tracts. Contrary to tho pre
valence of the sympathctic Influence, this
hyperactrvity of the nasal mocosa fy abolished.

On the basis of our histological findings we
can conclude that the madn elfect of vidian
neurectomy becomes evident upon the nasal
glands and the decreased productson of co-
sinophils as the cesult of the parasyrapathic ~
litic state of the pasal mucosa. In tus wav
we can explaln the dimunution of the reflec
tory reactions of the nasal mucom.

We consider that vidin peurcetomy fs 1
operation of choice in all cases of vasomolor
rhimtis refractory to all conservauve treatment.
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ssomotorischen
ther Behandinng nicht gehelit w erden konnte, In den
kuicn 9 Jahren worden 16 solche Fille opariert Nor
in ripem Fall wurde kel solfioemmener Erfolg er
reicht. Bel znel Patienten kam ¢ nach reef Jahrea
saf der unoperierten Sehte 70 einem Rockfall
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EFFECT OF AMINOPHENAZONE, CODEINE AND DIALLYMAL
ON PAIN OCCURRING IN CHILDREN AFTER
ADENO-TONSILLECTOMY

A Doubleblind Study

Laiia Saarnivanra
From the Orolaryngologicel Hospiial University of Heidnld Heldnld Findand

(Recefved Fetruary 15 1973)

Abgirecr, In a double-blind trial, the edfect oo
i of smin 120 mp

deine phosphate (5 my), dlaymal (30 mp

combinations boat

the

co-
and thelr
was gtiled In 159 children, a 357
years of age treated by adenio-tontlllectomy The effi-
cxcy of the wia et d ing to
the amount required. Optyl® (a combimation of all
the three drugy studled) suppodiorics
given after two coded

%

was the combina of all the three drugy stodled

in this groap nesded coe Optyl
supposilory whereas 39% of the children treated with
aminophenstone mnd codeine peeded one Opiyl sp-
o Optyl suppaaliorkex

with antipyretre analgeser. Especlally soch
children who are very much afraid of Injec
tions prefer antipyretic analgences in the form
of suppositories.

In addition to suppositories containng anti-
pyrctic analgesics thero are also othens in
which antipyretic analgesics are combined wth
drugs like codtne and barbiturates, Codeinc
has been found to increase the potency of
antipyretic anglgestcs (Beaver 1966). On the
other hand, barbiturates do not camse anak
gesla without deflnite impalrment of coer
sciousness, and in small doses they may evén
increase the reaction to painful stimull (Chat
ton Brock, 1961 Dundee, 1960 heats &
Beecher 1950~ Neal, 1965

For these reasont thu study was desigoed
to compare the efficacy of tho combination
of aminophenazone, codeine and dhallyms!
with that of the single drugs and different
dn binat} in relieving post-adenoton

the com-
the thres drugs differed mpnificantly
from piacebo, which w a3 the most inefTecthe.

codeine
tive palnt more effecthely than ooe single drug o a
combination of two drugpy
Operations such as tomsillectomy mvolving
the superficial parts of the body produce
sharp and definitely localized pain. This kind

ug:
sillectomy pain in children

Children and method

This study was carried out dunng the yean
19701972 at the Otolaryngologrcal Hospital
of the University of Helsimin The children
studled were dlvided at random into cight
treatment groups according to eight kinds of
des used. Mean age in these Sroaps

of pan is known to be satisfactorily

Acta Otolaryng 76
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Table L Age welght and sex of children in differ
eni freatment groups
In £ SE. aro gheen

No. ol A Bop Wit
Group chlien Gam) (%) (%) ()
A 19 59403 300 X0 206306
B 63+04 (14 6 24108
C u 58303 727 713 2053106
D 61104 471 529 217110
E 18 35102 769 D1 206106
F 13 63303 @O L0 212406
a n 67104 650 350 213106
H 20 €21 00 00 NI+

varked from 5.5 to 6.7 years and mean weight
from 20.5 to 22.3 kg (Table I). The general
condition of the children was good and, with
the exception of the drugs wed for anaes-
thesta, they received no other drugs

Anoestheria and operation

The chikdren were premedicated with 1 mg/
kg of pethidine and with 0.02 mg/kg of atro-
pine intremoscularly 45 min before ammesthe
sin. Anactihesia was fnduced wath thiopental,
Snxamethomum was used for intubation. The
mean dase of thiopental varled from 80 to
10.5 mg/kg and that of suxamethonfum from
14 to 18 mg/kg between different groups.
Anaesthesin was maintained with mtroms ox
de (67 vol%), oxygen (33 vol%) and
halothane (1.5-2 vol%) vix a cuffed endo-
tracheal tube. Ventilation was spontancous.
The mean duraton of anacsthesia ranged
from 26 to 32 min and of the operatlon from
16 to 22 min between the groups stodied.
There were po complications In the course of
wnaestheain,

In each group all the children bad tomilles
tomy most of them adenotomy and some of
them such procedures as incidon of the tym-
pank membranes or puncture of the max
{llary sinuses (Table IT). The operations were
abwvays performed between 8 a.m. and 1 pm.

Estimation of pain and pain-relleving effecs
of the suppasitories studied

Daring the fint 2 hours after operatlon the
chilkdren were obscrved in the recovery room

and thereafter in the ward until the following
morning. All nurses fn the recovery room and
In the ward took part in the obscrvation of
the children.

The fng data were on &
printed sheet: the coded suppository wsed, in-
dications for use, time of adminfstration time
of disapp and possible reapp of
symptoms and possble side effects. The first
suppository was inserted when the child com-
plained of pmn and/or cried and/or was rest
less. If the symptoms did not dmappear in
30 min the child got a second supposiiory of
the mme kind. If this second suppontory did
not help m 30 min or if after dbsappearance,
the symptoms recurred, the child recerved the
Optyl®*  suppoutory (LENketchdas Leiras,
Turku). The Optyl suppository contains 220
mg of aminophenarone, 5 mg of codeine
phosphate and 30 mg of dhallymal The fob
lowmg drugs or their combunation were used.

Placebo (coded C), aminophenazone 220 mg
{coded E) codeine phosphate 5 mg (coded B)
dialtymal 30 mg {coded F), aminopbenazone
20 mg wnd dullymal 30 mg (coded G), co-
deine phosphate 5 mg and diaflymal 30 mg
(coded A), ammophemazone 220 mg, codeine
phosphate 5 mg and diaftlymal 30 mg (coded
D). The drogs were mixed with Witepsol W/
45 mass which {y a combination of glycerol
esters of mynstic and Mork ackds, Placcbo
suppository contained only Witepsol W/45
mass. The shape, size and colour of all the
suppositories were ddentical

The tml! was double-blind and the reslts
were anatysed before the code wams broken.
Student s f-lest was used for siatistical ana-
Iyths of the resulty,

eded

RESULTS

Sixteen percent of the children studwed did
not need any suppontoriks during the first 2
hours after operation in the recovery room.
All children, howcver beeded tuppaitorics
at some siage on the day of operation. Fig. 1
shows the need for different suppositorkes in ~~

Acm O
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Table II Distribution of the type of operation in different treaiment groupr

Numbers of cinldren are given in parentheses

Group A GroopB Group C Growp D OruupE Gromp F Growp G Group H
@) s [¢2)) )

Type of operation s 0 {24 an
Tonsiliectomy 19 23 1t b3 18 13 23 2
Toasilectomy +

adenotomy 15 19 14 15 13 14 b} 18
Other” 5 3 3 2 4 5 3 s

In most cases odber mean inchiok of tympank membrares andfor pnctare of maxifiary somses.

the recovery room. The most effective u'tat
ment was the bl of

action and the doration of action ming the

rone and codeine (H) followed by amino-
phenszonc combined with codemne and dual-
lymal (D). 13 and 21% of the children in
these groups, respectively needed two coded
supposltories. The H and D suppositories dif
fered statistically signficantly from placebo-
(C) H, p<001 D p<005) but not from
one another Aminophenaronc (E) disllymal
(F) or their combination (G) were about
equally effective. 33 31 and 26% of the chil
dren in these groups, respectively needed two
.. toded suppositores. The lcast effectlve treat
ments were codeine (B) alone or in combina-
tion with drallymal (A) In thesc groups, as fn
the placebo group (C) abont 55% of the chil-
dren necded two coded suppomtones. 6-7%
of the children treated with the suppositories
B, E, F and H and 15% of those treated with
A needed one Optyl suppository
Fig. 2 shows the total need of Optyl sup-
posftories. None of the chidren studfed
needed more than two Optyl suppositories.
The mcrs! cifective treatment was the same
of ami codeine and
duallymal (D) s nn Lhc Opty! suppository D
supposdtory differed statstically sigruficantly
(p<001) from placebo (C) the least effec
tive treatment. 50% of the children in the
placebo group needed one and 17% two Optyl
suppositories. The other suppontores showed
no statistieally significant difference cither
from placebo or from one another
Table 11T shows thc time to the onset of

Acte Dileryng76

difterent sitorfes. Most of the smppos-
torles used relieved the symptorus In 11 to
20 min. Among the first coded suppositories
diallymal (F) and sminophenazone (E) were
the most rapid-acting (13 min) and codelre
(B) the most slow-acting (18 min) Diallymal
and codemne differed statistically aignificantly
from each other (p<0.05). Of the coded wp-
positortes given the second time, dialymal
(F) was the most rapid-acting (11 min), but
now the most slow-acting suppotltory was the

bination of codetne and

*
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Fig. 1 Number of dlfferent

suppothories reqeired
daring first 2 bours after operatkn. There were froot
13 to 19 children in the groum.
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reuired
on day of operation in different groupm, There werw
from 18 10 23 children in the groupe.

frp PALLYMAL Doy

diaflymal (D) (20 ruin) This combinston dif
fered statistical] b y from dmllymal

Table T1I Tlne 1o the onset of action and duration
of action of different suppasitortes (spp )
Metnt 4 5.E- are gven. Nurmbers of chikiren arc given In
parcntheses

Thne to the
omet of acton
(min)
—————— ol action
Drug It 2od (mie)
Groop (mg) wpp.  wpp. 12 spp.
Piacebo 14+2 1612 T1:19
E Aminophesszone 1332 1732 183+22
b2 1}
B Codens 5 1842 17323 173+
F Duallymal 30 1311 11+3 141+
H 13+2 1634 146420
220+ Codeine §
G 14+t 163 166+30
220 + Dialtyrm! 30
A Codetne 5« 1742 1342 1042336
Dulymal 30
D 1412 2013 2001357
220 - Codeine 5+
Dhaltymal 30

b

(F) alone and from the combination of dially
mal and codelne (A) (p<<0Q 05 in both cases)
The i of ami codcine
and dialtymal (D) was the most long-acting
(201 min) whereas placebo (C) was the most
short-acting (77 min). These and the other
suppositories studied did not, bowever differ
sathtically significantly from one another
The only ndscffect noticed was vomiting,
which was faurly rare, especlally afier the re
covery room penrod in the ward. Vombting oc
curred 10 the recovery room in 18% of the
children treated with placebo (C) and fn 5—
6% of those recetving the combimatiom of
aminophcnazone, codeine and dallymsl (D)
or h and Wned
(G) in the ward only 11% of the children
treated with codeine + diallymal (A) vomited.

DISCUSSION

The present revahts show that, during tho first
2 bours after adeno-tonsillectomy in children

codeine, and  dialtymal,
when used alone, did not relieve pain a3 effec
tively as the combination of all three drugy.
Aminophenazone and diallymal were cquef
fecttve and superior to placebo They did not,
however differ statistically significantly from
plagebo.

Diallymal, an intermediate acting barbito-
rate, was wsed in a dose of 30 mg for children
welghing about 20 kg This Js about 1/3-1/4
of the hyprotic dose of 100 mg for adults and
waa thos & hypaotic dose for the children
studied, too. The fairly good potency of dhl-
Iymal to sppress the symptoms {n the re
covery room scems to be duc to it sleep-
producing actlon, especially when the effects
of the general anactthesia are still present.
This rezult bs in good agreement with that ob-
tained by Keats & Beecher (1950), who found
that hypootic doses of pentobarbial Intra-
venously reheved postoperative paln in 50%
of patients compared with 20% of those
treated with saline or with morphine

It is not surprising that codelne zlone had

Acsm Oroleryng 76
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practically no effect since it was not used in

an amalgesic dose but only in a cough reflex

suppresting dose. It did, howcvcr Increase the
Igesic effect of aminop

ably In ths case the effect of codeinc was

very Important because a h ina

plm:.‘urdcnucudammhrrhm.‘mm
geschilmelte  Sopposhiorien  benstrt  worden
“rm.

Wihrend der rwel ersten Stunden nach der Opers-

dose of 220 mg was maximal for the children
studied. Unlike codeine dmllymal did not mo-

dify the analgeskc effect of ami

Judging by the need for Optyl suppesitories
on the day of operation the most potent sup-
pository was the bination of

den Kindern dic mil dem Placrbo behandelt worden

rone codelne and diallymal. As opposcd to
the results obtained in the recovery room, the
bination of and codeine

PR

waren, 55% reel Supposi-
torlen.

Axfgrund der gesamten Anzahl van Optyl-Soppad-
torkn, dle spater erforderiich warem, konoke fen-
gostellt wenden, dam cine Zosammenweirng der ded

was now inferfor to com-
bined with codeme and dh[lymal and did not
statistically significantly differ from placebo
as did the combination of all the three drugs
studied. This result supports the view that,
after such operations as adeno-tomsillectomy
in children, barbiturates are valuable in addh
tion to amalgesic drugs. One reason for this
may be the sedative and hypootic effect of
barbiturates especially when the effect of the
general anacsthesia has to & great extent worn
F

f’) Analgetic combinations are wsed to achleve
better analgesia than can be obtained with a
single drug and to avold wde effects by re
ducing the dose of any analgesic used separ
ately The present study showed that the com-
bmation of aminophenazone codeine and
diallymal meets all the above requircments,
it i more effective and causes no more side
clfects than the single drugs or the combina
twon of two drugs.

ZUSAMMENFASSUNG

wurde die Wirkung von
220 ms), Kodelnphosphet (3 myg),

erforderfichen Dosderng beurtellt OptyI? Suppos-
dorlen, cine Kombinatioa der drel antersachten Pri-
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Praparate am wirkm war Voo den
Kindern dleser Gruppo brauchten 20% cin Opiyk

ela Optyl-Suppasitorium und 6% rwel OptylSupponl
lori:nbnuch!cn.lqunmnmdtnlbfmet
sich

Dhn Unlr:mchunxlmvvrmnm daw cee

b chchuﬂﬂ-
ll]y'nul Iy L
dert aly eln clnziges Praparat oder cine Komblea-
tiont Tweler Priparate.
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A CASE OF CONDITIONED FEAR IN A TWO-YEAR-OLD BOY
AFTER TONSILLECTOMY

Th. Efkeland

From the Department of Amdiology Reglon Hogplmd Orebro Swedent

(Recetred April 6, 1972)

Reporty of the psychic comequences of hos-
pitalization of children are mostly published
in psychlatric/psychological  jourmah, and
more often than not are concerned about ver
bal children, Le chiidren who have already
scqurred & verbal language. This report B
about a boy whom we may consider pre verbal
ot pre-Jogical for all practical purpoyes.

The patient, by the time he bad to bave
his tonsis removed, had not acquired a fear
lke that mentioned in the title, nor dud he
show any other signs of exceptional behavl
our when visiting hospitals or chfidren s ward
stations for controls before the operation.

The bospital where the tomsillectomy tad
to be performed, did not allow the parents
of hospltailred children to have contact with
their children in the posioperative phase, Lo
the first 4-5 days before discharge from the
bospital. Even the procem of admbsion was

known to be & Lttke “tough” However the
father of the child, by means of his profes-
sional position was allowed to follow his child
into bis future “living room” in which about
15 otber children of roughly the mme age
stayed at that tlme. The child was ondressed
by his fatber and put to bed and he did not
sce his father again unitl he was duischarged
5 days later

The Discharge

Discharge from the hosmtal was not the af
fectiomate reunion the parents had hoped for
The boy was In the beginning rather aps-
thetic, but recognired his parents and his sl
ter Some pain and frritalon must still have
been present as he did not say very much,
and when he did be only bad the mintmum
opening of his mouth to form the sppropriate
words. No other tgns of bebavioural wrregn-
larity were noticed before the time came for
dinner that day

Duning the mesl he refused to cat some
of the ftems and his mother kindly reminded
him that this was the same type of food that
he had been 3o fond of before the hospitaliza-
tion. The child then reacted by holding Afs
hends tightly in front of his mouth imsisting
that ke did not like 1t and did not want to
eatit

At firt glance thrs sitoation docs not seem
to differ 1o amy degree from similar stiw-
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tlons in any other familly where a child doss
not accept the ingredieats of the days din-
ner

This was, however only the first of & ¢
nes of incudents where—as a result of an-
noyance, stress, fear a0 his hands were
tightly held i front of his mouth while he
refused to join in go with pick up undress.

This was a totally new situation for the
parents. It had previously not been a part
of the child s behavioural repertoire and was
remarkable by the fact that the reaction of
the child scemed to bo so inadequato in the
niteation where 1t appeared. What js the con-
nection between holding his hands in front of
his mouth and the refusal to undress, or the
same behaviour and the refusal to pick up a
toy from the floor?

Soon 1t was observed that he refused to
enter into new houses or bulldings where he
had not been before—and even mto places
where he had been before and where he might
have spent an enjoyable time. When his par
ents now asked why he would not come e
started cTying and holding hu hands tightly
in front of his mouth he insisted on not enter
ing. Gradually as the rest of the family dis-
, d into the house the boy followed
step by step, and after some thme of adapta
tion, enpoyed the stay

A Condltoned Reaction

As this change in behaviour and we may as
well say personality came about rather ab-
ruptly and was found qmte troublesome to
the parents and other people having contact
with the child one might speculate about the
Initiation of the change

The author has made the assumption that
his “shutting up”™ had devcloped as a class!
cal conditioning in which the forcefnl taking
to the opecratron and the unpleasant experi-
cnces and fecling from the oral cavity have
functioned as uncondittoned stimuli, the keep-
ing of his hands tightly to hk mouth as an un-
conditioned response.

Acta Otolersne 76

The image of the hospital bulMing gener
alized to the new houses and places he had
to enter and the fmage and memory of the
preoperatronal situation generalzed to every
stuation where now his opimions clashed wath
someone clse s—as the conditioned stimulus,
and again, the keeping of his hands tightly
in front of his mouth as the conditioned re

sponse

Probebly onc might split up all that hap-
pened during the five days and make a It
of second and third order conditioned re
sponses. But this 1 not justified as we know
very Little of exactly what happened.

The probabllity of & reaction In one stuz
tion to be gencralired to another it rather
high by this age as we for instance know
from the language development of children
“Mom™ and “dad™ scem at the age of 1§
months to be any person bigger than him-
self

The two reactions, (g) the feor of housts
and (b) the reaction of refusal bave severl
of the characteristxcs of a clanical condh
tioned respomse  they were quickly estab-
lished, generalized to many “mmilar” s>
tions and were very difficult to extinguish

As the parents of the child very sooa I+~
acted 1o his behaviour we were able to male
a behaviour analysis before any unguided
treatment mught destroy the original traits
and had made it impossible to sec what de-
termined what,

The phobic behaviours, both “the refusl
reaction™ and the fear of houses, were sensh
tive to sysematic desensitmation in vive
Gradually the boy was confronted with new
stuations, ncw buildings, places and persoms
—and as one year had passed the child might
enter into most new phaces and buildings and
even Into bospitals. But still be refosed to
open his mouth for Inspection. This last re-
action gradeally diminlhed by the dafly
brushing of his tecth by the father and the
after-inspection with a dentlsts mirror T%0
years after the tonsillectomy the last sequebse
seemed to have disappeared. Yet there B8 i



2 remarkably strong fear of being left alone
in a room.

Prophyiaxi?

During the last two decades many publica-
tions have appearcd which deal with the
theme of hospitalized chiddren (Jessmer ct al.
1952 Robertson, 1956 Loomis, 1956 Plank
et al. 1959+ Salnlt, 1960~ Goldman & Bochall,
1966 Lec & Greene, 1969 and many others).

Mot of them deal with the verbal child,
le. the child 4-5 years of age who has al
ready acquired a language through whach it
is pomible to convey most of the necessary
informatlon about what Is golog to happen
1o bim 1n the hogpital,

The toddler bowever h not so well under
stood as he himself can give only fragmen-
tary Information about his experiences. These
have to be deduced from his behaviour and
translated into general peychological (most of
ten psychoanatytical) theory In psychoanaly
tical terms the damage caused by bospitsliza
tlon has ity origin fn the phenomenon of sepe
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plan* the situation to the child, he will never
succeed with 2 pre verbal or pre-logical child.

The phobic conditioned reactions estab-
lished in the hospltal may manifest them-
sclves after shorter or longer periods in the
parental home outdoors, m social relations,
seelng  people  wearing  special  coloured
clothes, ctc. Thus every parent of children
having vmited a hospital for an operation
(durntion of stay does not seem to be crtleal)
should be told to observe thelr children after
the return home, not only because of bleed-
Ing risks or tssuc ruptures, but becausc the
stay at the hospital may have caused some
conditioned form of behaviour which might
lend jtsell to treatment before sccondary or
tertiary complleations occur

ZUSAMMENFASSUNG

Es werden nach Tonslllekicmio einige Folgpekrankhel.
tea In der Verkalooruemo gines rael lashre ahten

Knaben beschricher. Ex wird stark betont dem dn
pd\rrbnkodcrpnhduﬂrﬁhdvmohhihhm

ﬂm;bt.D-htroblchlqmFdﬁhuk}-hmlmVu
hatten dieaes Patienten wurden gedeutet und in Ober

mation from mother which is sypposed to be
extremely harmful This may well be 30 Bmt
what Is really h ing during hospli

tion of a two-year-old child may as well be
described in terms of conditoning.

It seems to be very important that some
parent figure be present during a bospital
stay Bat the procedures immedlately preced-
ing operation canmot be performed without
the wrousal of fear in the small child and
conditional fears arc probably unavoldably
established. It f3 on this particular point that
the difference between the verbal and pon-
verbal individusl i manifested Tt 15 reallstic
to be afraid of pein end it iy realistic to be
ufnido(necd}eslndknivu.bulhk“m;ic"
to be afruid of white coats, green cloth, grey
brick-buddings cte. But these fears appear
21 conditioned reactions in children wha bave
no frames of reference for the dinationy they
experience In the hospital No matter how
much a parent, nurse or doctor trics to  ex
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MULTIPOLAR NEURONS IN THE SPIRAL GANGLION OF THE RAT

Murel D Ross and Wm. Barkel
From the Department of Awsiorny the University of Mickigan Arm Arbor Afick. us4
(Recedved March 22, 1973)

to learn whether or not the varions methods
utfiized have merely cxposed different quale-
tles of the same group of peuronx

On the basls of histochemical studies In the
mousc (Ross, 1969) rat and kitten (Rosy,
19715), it has been postulated that multh
polar  posiganglionic parasympathetic neo-
roms exist in the spiral gangGon. This aner
tion rums counter to the commonly accepted
belef that all of the spirul ganglion cells arc
blpolat and sensory Yet o search of the litera.

T work wm mpported by Grants NBO7X06 and
NBOMTI USPFHS.

H-T30

turc shows that early anatomusts (Ayers, 1393
Retzus, 1895 Cannieu 1899 Bovero 1914)
described muftpolar spiral ganglion cells.
While some of the findings might be ascribed
to the investigative procedures utilized and to
artifact, Ayers onginal account of multipolar
spiral ganglion cells in several vericbrates was
based wpon studies of Golgl prepamations,
which are kesa open to question.

Retaus (1895) confirmed Ayers findings
and described the multipolar mewrons in his
Golgp preperations of the mousc as tripolar
for the most part, althongh quadripolar cells
occurred ocoanomally (Fig. 1) Retzius at
tempted to attach some meaning to theso cclls
and thought that they might be primitive bi-
polar ncurons. This speculation apparently
met with by his 1es
(sce K@lliker 1902) with the resolt that the
existence of multpolar nenrony o the spiml
ganglion as established by Ayers and Retdus
bas largely been forgotten or {gmored.

Whik no investlgator working at the ultra-
structural level has dealt with the question
of whether or not multipalar spiral ganglion
cells exist, there 15 ample whrastructural evi-
dence that a small proportion of spiral gang-
fion celis {3 morphologically adifferent from
the main population In varlous mammal
(guinea pif Smuk et al, 1563 Nishimura
ctal, 1965 Thomsen, 1966 Awataguchi etal
1967 Kellethals et al, 1967 Reinecke, 1967
rabbit. Suzukl et al, 1963 cat Spoendlin,
1971 1972, and human Renecke, 1967 kel

—
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pleces which were freere-dred, mounted on
stubs, costed with gold-paftadivm snd ob-
served In a JEOL ISM U3 scanning electron
microscope

OBSERVATIONS
Light microscopy
Light microscopic stodwes were carried out on
the thick (1-2 1) sections of Epon-embedded
material stained with tolukdine bloe and osed
for orentation purposes. In these sectioms,
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mall neurons (12-15 ) of obviously different
staining quality from the bulk of the apiral
ganglion cells occur ungly or in small clusters
of two or three (Fig. 2) These cells are Jo-
cated wathin the spral ganghon, slong its
peripheral border near the root of the asscous
pinal lamine, or among the fibres of the
intraganglionic spéral bundle.

The perikarya of these small neurons are
round or ovold, and the nuclel are eccentric.
The cytopiasm of these cells stawns very lightly
with tololdine blue, indicating that Nissl sub-

-
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Fig 2 Two small unmyelinated neurons (UN) located
the

~cenirke ouckel and cytopum which stalns Hghrly wlth
Tuldine bloe Indicathig scanty Niml substence. 250 g
ale rst. 620

stance is spare in contrast to that of the
remuning geughon cells which stam more
darkly Moreover the capsules of the small
neurons do not take on the dark bloe colonr
typical of myelio fn this stain and thus sppear
to be unmyelinated

Czll counts of the numbxr of the myelinated
and unmyelinated spiral ganglion cells were
carried out in two series of thick sections,
utllizing every tenth section. On the basks of
these cell counts, the small unmyelinated neu-
rons are estimated to comprise 7-8% of the
spiral ganglion cells in the rat.

T ransmitsion electroft microscopy
Most of the neurons of the rat spiral ganglion
are mytlinated bipolar cells. The uhrastruc
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tural features of these cells are well known
since the work of Rosenbluth (1962) and only
a few comments are warranted here.

The round to ovold perikarya of the bipolar
cells (Fig 3) arc large (30-40 z) and en-
veloped by compact myelln. The cytoplasm
generally ins abundant rough endopt
mie reticulum much of whkh b regulary
organized, giving the cells a granular ap-
pearance In occasional bipolar cells the
rough endoplasmic reticulom Is Jess cbviowsly
organized and neurofilaments are more pro-
munent. The nucleus Is generally centrally bo-
cated The two proceases are pot of equal sz
with the central process of greater duameter
than the peripheral However both of the
processes of the bipolar cells are myelinated

Scattered within the tpiral ganghon or at
its periphery near the root of the osseom
spiral lamine, are the cells which appear to
be unmyelinated in light microscopic prepan-
tlons. These cells, which were not described
by Rosenbluth, will be tdered in detad
here,

Perikarya of these cells genernlly vary from
12.5-15 g in size and arc round or oveld
(Figs. 3 and 4) The plasmalemma of the smal
cells Is densely osmiophilic and presents 8
scalloped surface toward the stellite cell
membrane which i generally more smooth.
The nucleus Is eccentrically placed (Fig 9
and contains finely granular chromatin ma-
terlal, which fs generally more densely ar
ranged than the chromatin in cells identified
as typecal, bipolar spiral ganglion celis. Some
of the chromatin materfal is clamped 1 the
nuclear sap and at the inner lamina of the
nuclear envelope except at the nuclear paret
Typlcally the nucleoli are eccentrically placed
m the nuclear sap

The small neurons ase further chractenzed
by the denss packing of the cytoplasm whh
neurofilaments snd by the relative sparseness
of rough endoplasmic reticulum (Figs. 5-7»
Small aggregates of polyribosomes and occa-
sional, single sometimes branched, clsternac
of rough endoplssmic reticulum are scatiercd
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tawed ko thi electron c

UNF oomyelimated fibre 250 g female rat. mrn



386 Murlel D Ross and Wm Burkel

Fig 4+ A typial profiie of sn uomyelinated spiral
sanglon cefl 4 shown bere € capmule G Golgd
complex A

nuckeol, NF  peorofflaments, NSC

in the cytoplasm and comprise the sparse
Nissl substance

Organized rough cndoplasmic reticulum
corresponding to the Nisl bodies of light
microscopy b8 not present. Proffles of rough
endoplasmic retrculom rim the outer lamuma
of the nuclear membranc. Additronally nu-
merous polyribosomes and free ribosomes are
associated with the outer nuclear lamina, giv
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nockus of micllite cell, NUC nucleus of the pewroe,
P process; RER roagh reticuhrm, 2% g
female rat. x 10000,

ing this region of the cell a darkly granular
appearance (Figs. 3 and 4).

The Golgl complex {3 elaborate and conssts
of several C-shaped stacks of cisternac which
are situated in the perinuclear ctoplasm
(Figs. 4 and 5) Numecrous vesiclkes 1200-
1400 A in diameter containing densc corcs,
are commonly found [n close proumity to the
Golgl complex (Fig. 5) and arc sho scatfered
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Fig. 5 The reglon of the Golgl coomple (G) of s
unmyeclinsted negron Mostrates the presence of ved-
cies wih dewo cores (arrows). Abundant newrofie-

1n the cytoplasm or in some of the ccll pro-
cenes (Fig. 7) The dense cores messure $00—
1000 A in diameter Multivesicular bodies oc
cur near the Golgl complex and scattered in
the neuroplasm.

The d paced mi ol
though abundant, are smaller in the unmye
foated neurons than in the typreal bipolar
cells (Fig. 3). Near the roots of the ccll pro-
ceases, mutochondria become orlented In the
long direction of the procester

The actual number of processes given off
from the perikarya of these cells can be extab-
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ments (NF) and scanty rough endoplamic reticolum
(RER) ocrur n the flelh. VUC puclens of the peu-
ron. 310 g make rat. 50000,

Ished only by a study of serial sections for
most frequently only a single process con
tinuous with a pven cell body can be seen
in eny onc utrathn section. However occe-
stonally two processes emerge near one end of
the ovoid perikaryon, suggesting that the cells
are multipolar (Fig. 6). Multipolarity of thesc
cells was confirmed by a study of scrial sec
twons, for the cells exammed in ths way pos-
sessed three processey. None of the procerscs
were enveloped in compact myelin.

It bas not been posable to distingubsh the
dendrites from the axon on the basis of inter

Acts Orolerynf 78
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nal ultrastructure. Neurofflaments, microtu
bules and free ribosomes occur In all processes
and vesicles with dense cores occur in some.
However the processes can be divided into
two groups to some extent on the bases of
size, configuration and ensheathment of their
proximal segments.

In one group the processes arise from a
broad base (2.5-4 p) and are broad initially
(1.5-2 x) The proximal segment fs usually
straight and I sometimes covered by scveral
wrappings of satellite cell membrane which
termimnate along it sequentially much like
Schwann cell laminse near nodes of Ranvier
(Figs. 7 and 8) Just distal to the last lamina
of satelite cell wrapping, these processes
often glve off collaterals (Figs. 7 and 8). Pro-
cesses of the second type tend to be small
initially (1-1.5 ) and frequently emerge from
the perilaryon in & reglon covered by that
portion of the satellite cell containing its nu-
cleus (Fig. 3). The nucleus, in these cases,
occupies the angle between the emerging pro-
cess and the neuronal perfkaryon. The pro-
cesses are not straight but coil about close to
the perfkaryon. Thus, processes of this sccond
type arc often observed in cross or tangentml

ction enclosed within the satcllite cell, and

gonnected to the perikaryon.

‘Synapses have not been observed on cither
type of process just described. However thinly
myelinated and yel d fibres are al-
ways present near the perikarys and processes
of the small neurons, and unmyelinated fibres
have been observed winding about the more
distal portions of the coiled neuronal pro-
cesses.

In the rat, the small neurons are thinly en-
capsulated In from one (Fig. 9) to three or
in very small arcas, as many as five or six
wrappings of satellite cell sheath. Where mul
tiple wrappings occur the organtmtion of the
sheath usually corresponds to loose myelin
(Fig. 7) However patches in which the 12
minre are closely apposed also occur these
patches have the general configuration of
semi-compact myelin  Finger-llke profections
of the satelite cell frequently reach out to
envelop unmyelinated fibres lying elose to the
nearonal perikaryon.

Scanning electron microscopy

The present descriptions are based upon ob-
servations of fortuitously placed cefls which
exhiblted a bipolar or multipolar pature on
a surface view In each instance the cells were
checked by taking several micrograpbs as tie
specimen was rotated through 180 and tilted
from —5 to -+45 the maximum degrees
of rotation and tilt posuible with the stage
utihzed.

The typleal bipolar cell has two processes
located at nearly opposite poles of the per-
karyon The central process Is greater in da-
meter than the proximal part of the perh
pheral process, although the latter may be-
come abruptly enlarged distally Perikarys of
these cells are round or ovokl.

Perikarya of cells exhibiing more than two
processes in the present material are oveld
(Figs. 10-12) and tend to be smaller than the
perikarya of the neighboring bipolar cefls
The processes of these multipolar cells are not
uniform in slzz Two processes sometimes

Fig 6 Portioos of 1wo unmyelnated nearons (UN)
located near tho lotrsganthonkc spral buodle (f6SB)
are shown here. The ecll In the centre of the Meld
b sectioned near one pole of s cold perfaryon.
Two procesies {(mrows) cmerge near Lhis pole the
procen at the right may be dhidmg. TAS thinly
myefinated fMorex; UMF unmyelinated ffbre 250 g
female rat 4000,

Fig. 7 Processes (F) of unmyel nated neuroms fre-
qoently ghe off collaterals (dowdle errows) Fouraix
tayers of satcllite cell resembling loose myelm (LA

Acta Otolarvwe 76

(errow) b lndicated. AF peurolllaments, NUC a-
cleus of the peuron RER rough endaplyunic reth
culum. 310 g male rat. 16000,

Fig & A collaieral of a procem (F) of m neae
Baated euron b lodicated by double amows. AF
neurofilaments; RER muhmiopl-m‘k““—k“*"’-
310 5 male rat. x 25000,
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Flg. 9 The capeules onmyelmated (UN  upper
profik) and myelinated (AN kower prollle) neurom
of the rat spiral ganglion are contrasted here. The
limated neuron Iy by & singie layer
o satellite eell (Cr the myelinated newron B en
~ in nine yers of compact myellm (CA). G
= compley, A mhachondria, NF peprollla-
eaenty, RER rough endoplasmbo reticulum errow 2
tesicle wih & deme core. 310 g mabe rat. x 49 000,

emerge near one pole of the ovold cell bady
(Figs. 11 and 12) Termuinals upon the peri-
Larya or proximal portions of the proceises
of these neurons have not been found.

DISCUSSION

Most of the neurons of the spiral ganglion are
bipolar and myelinsted and correspond to the
Type I and Type 11 cells as defined by Rosen
bluth (1962) The Type 1 cells are the more
common fn the present material for most of
the bipolar cells possess abundant organized
rough endoplasmic reticulum.

In the rat 2 small percentage (spproy
imately 7-8%) of the neurons are not struc
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Fig 10 The arrows Indicate three processcs of
small nevron Jocated near the paripheral borset
he tpira! ganglion. 113 g male rat x 300

Fig 1] Two processcs (erows) emerpe near 0%

the sample 145 g male rat. « 5000,



tarally similar to either of the two types of
bipolar cells but comprise & third populatlon
of spiral ganghon cells. Neurons of this third
type are chicfly characterlzed by their thin
capsuket, numerous neurofflaments, scanty
rvngh endoplasmic reticulurm and eccentne
necher. Cells of this third type which have
been studbed in serhal sections possessed three
processes. However  findings obtalned from
scanning electron mucroscopy ol the spiral
gaaghon suggest that some of the cells have
four processes.

The meaning of the vesicla with dense
cores commonly found In the reglon of the
Golgl complex, or scattered 1n the cytoplasm
or in the processes of these celly, f5 presently
obscure. The size of the weslcdes precludes
their containing catecholamine for stormge of
amines has bern amociated primarily with
dease-core vesickes of much smallker sizo (500
A in dlamcter De Robertis and Pellegrino
De Iraldi, 1961)

The present findings are in general agree
ment with those of numerous other investi
ptors who have fndicated that & groop of
small neurons which are highly fllamentous,
thinly encapsulated, and which contaln sparse
rough endoplasmic reticulum, exist m the
spiral ganglia of many forms (Sumki et al
1963 Nishfmura ¢t al, 1965 Thomsen, 1966
Awataguchict al. 1967 Kellerhals ct al, 1967
Reinecke, 1967 Spoendlin, 1971 1972). Theso
neurons, which have been called “unmye
tinated” spiral ganglion ceth, have also been
found at the light microscopical level (Mtn-
zer 1931).

Because slmilar neurons were not deseribed
in the previous ultrastructural study of the
rat spral ganglion carried out by Rosenbluth
(1962) it b5 exsenthal to establish that they
arc not simply immature cells in the process
of myelniration. It is nccessary therefore,
1o compare sizes and ages of the rats used
in the pror and the present studies and to
defme the term “mature™

In his study Rosenbluth wsed Mendel-Os-
bomnuwhkhwmn}dmlvmplsog
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cach and to be “mature” Altbough the Men-
del-Osborne rats used by Rosenbluth would,
a3 a group, be shightly lighter 1n weight than
comparable animals of the Sprague Dawley
strain used in the present study 150 g ruts
would not be expected to be sexually mature
and adult In that sense of the word. It must
be emphasized that {t ks only the wse of the
term “mature” in connection with 150 g rats
that B questioned here. Whether or not
achicvement of sexual maturity has any bear
ing upon the mate of maturation of spiral
ganglion cells remains to be shown. Indeed,
Wada (1923) hus found that, at the level of
the light microscope, spiral ganglion cells are
of adult xizr and histological appearance at
20 days of age.

In the present study to settle the question
of maturity sprel gangl were obtmined from
rats mnging between weanling (22 g) and sex

Acsa Celary
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wally mature animals (females, over 200 g,
males over 300 g). Small nenrons were found
in the spiral ganglia of all the rats studied,
from weanling to the sexually mature Thix
fs evidence that these cells represent a distinct
type of spiral ganglion cell in the rat.

While it is true that the small neurons al-
ways appear to be unmyelinated in light
microscopical  preparations,  ultrastructural
studies have shown that the perikaryn of the
cells may be partially envelaped by more than
one wrapping of satellite cell (In human spinel
ganglia, hellerhals et al. 1967 and the present
results in the rat) Furthermore occasional pro-
cesses of the neurons jn gulnea plg (Thomsen
1966) and cat (Spoendlin, 1971) are compactly
myelinated. As It Is generally (and admbt
tedly erbitrarily) accepted that only those
neurons with a sigle wrnpplng of satellite (or
Schwann) cell are unmyelnated (see Schmitt,
1959 Rosenbluth, 1962), classification of
these cclls as unmyelinated may not be en
tirely suitable for all species. However If fu-
ture research should establish that the small
neurons are multipolar In other forms as n
the case of the rat designation of them as

spolar rather than as unmyelinated wuld
more 1 ulfmmnl.,"" as

in the otic, ciliary and pterypopalatine ganglia
of the golden hamster (Y oshida, 1968)

Ultrastructural studies of craninl parasym-
pathetic postganglionic neurons are meager
and, 30 far as we have been eble to deter
mine, the two studies quoted are the only ones
existent. It Is somewhat surprisinp that the
postganglionic neurons described In these two
reports are more alike than distimilar ultra-
structorally considering that they were ob-
tained from several ganglia and from d&f
ferent forms. The chiel characteristics of the
cranial parasympathetic neurons reported
upon are 1) organkred rough endoplawmic re-
ticulum 15 not present 2) the Nisl substance
is generally sparze often uniform in distribe-
tion, and comprlised of rough endoplasmic re
ticulum and numerous free polyribosomes;
4) dense-core vesicles occur m the reglon of
the Golgi complex, in the cytoplasm and In
some of the ccll processes. Eccentrclty of the
nucleus was not a constant finding, but was
reported for some of the rabbit otic ganglion
cells.

Encapsulation of the p glonic pans-
sympathetic ncurons of the gokden hamster
was not detailed by Yoshida (1968). However
Dixon (1966) described the capsules of rabbit

-nﬂ as from a morphol ! Al
anown peripherally locutcd multjpol.nr neu
rons are autonomic postganglionic cells,

As Spoendlin (1971) has already pounted out,
the small, unmyelinated spiral ganglion cells
cannot be postganglionic sympathctic neu-
rons, There is no evidence from numerous
fluorescence studies that adrenergic neurons
occur in the spiral ganghon (Spoendlin &
Lichtensteiger 1966 1967 Termyama et al,
1966, 1968 Rowm, 1971 @) However the pos-
sibility that the cells arc parasympathetic post
ganglionics should be conmdered on two
grounds. 1) they correspond in distribution to
acetylcholinesterase-positive neurons described
as parasympathetic ia the rodent (Ross, 1969
1971 5) and 2) ultrastructurally they resemble
parasympathetic  postganglionic neurons found
in the rabbit otic ganglion (Dixon, 1966) or
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otic gang cells as thin, although comprised
of up to five satellite cells whose processes
frequently overlapped.

In the case of the present rat material, pm-
aptic sites of the preganglionic fibres on the
postganghonic nenrons have been elusve. Con-
nections of axo-axonal type between unmye
Linated fibres possessing different ultrastrue
tural festures have been observed frequenth
n or near the mtraganglionic spiral bundle
(Ross, 1971b) However these have been
Interpreted to be possible sites of influence
of the parasympathetic system over adrem-
ergic outflow In the prior studics of pars-

sympathetic neurons alluded to abore 58
aptic sites were dealt with adequately only in
the casc of the cillary ganglion In which axo-
somatic synapses are sbundant Yoshnia
(1968) suggested that the clllary gangtion o¢



cupes & unkque pomtion among parasympa-
thetsc ganglia on the basis of these numerous
axommatic synspscs, and did not describe
synapses in the other ganglia he studied.
Dhon (1966) commented that synapses oc
curred m the rabbit otic ganglion, but neither
described nor illustrated them. It b possible
that synapses may be difficult to find in some
parasympathetic ganglm where as few as two
or three synapses per nenron can occur

Processes of the small neurons have not
been enveloped in compact myelin in the pres-
ent rat materfal, In contrast to the situation
in the guinea pig (Thomsen, 1966) and cat
(Spoendhm, 1971) in which occasional pro-
ceres are mryefinated. However the presence
of myelm would not preclude the possibility
lhtlhcm:urmsmnutonomlc,llhubccu
accepted for many years that
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that what has been referred to as unmyelin-
ated cells are the maltipolar neuroms. The fact
that the mmycHnated spiral ganghion cells
comprbse a miformly small population in di-
verse specres speaks for a general mather than
a specific function for them. Such a concept
Is in keeping with the theory expressed here
that they arc antonomfc cells. From their
presence  and  ther ultrastructural resem-
blance to known cranta] perasympathetic neu-
rons, we may infer thst a parasympathetic
as well a3 an sdrenergic influence b exerted
upon structures of the inner ear

ZUSAMMENFASSUNG

euronen,
die Mamenite und dlon ciopekapelt sind ond wenly

ocurons may be myelinated, and that there s
coasiderable varlation not only among species
In this reqard, but even from onc dte to an-
othar within the same Individual (Huber
1913 Kuntz, 1934 among many others).

The unmychinated neurons of the cat sprral
fnglion have been nferpreted to be a varha-
tion of the brpolar neuron responsible for the
afferent fnmervation of the outer hair cells i
the orfan of Corti (Spoendlin 1971). This
Interpeetation Is based upon the fact that both
the ummychnated nearons and the afferent in-
nervation of the outer balr cells resist retro-
grde degeneration i experiments in which
the elghth nerve s transected. However if
the immyelinated neurons of other forms
should prove to be multipolar some other
Teasoa for Tallure of these particular afferents
Lud“ttncrlt:mu.nbewugh'.lnth.(scn.v:,l}:lc
tmyelimated nemrons woold have reshsted
reirograde degeneration not because of some
Inherent peculiarity but simply because their
Mons are pot extending centralward in the
cochlear nerve.

The present findings, thenm, are in accord
“ith the original observations of Ayers (1893)
ad Retzius (1895) that multipolar neurons
Ut i the spind gasglion, and they soggest

dm:hphmd in jedem ARer on der EntwOhnoeg

s orhanden sind Die Zeflen
M -:hcdﬂn charalderhiert durch eloen caent-
rachen Nuldem mmd dle Amsesvnbelt von elektrooes-
dchten (densecore”) Veslkain (1 200-1 400 A Durch-
memcr), die b der Nibe da3 GolghApparates bu
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fiand O A. Kajala

From the Laboratory of Experimental and CHnicel Awdiclogy of the Staie Institate for
\edical Postgrmdate Tralaing ThLI USSR

(Recehed Apedl 2, 1973)

Data are abo presented (e.g
Mioation of the AER amplitode &t kower stmuls-
%00 levels, dfferent threxhokds snd ki kinal changes
o the early aod late components of AER) which aro
Exbathe of the courpley mechadiin of the forms-

The rclation between the htenaty of sound
Stimull and the parameters of scalpdenved
Svenged anditory evoked respomses (AER) It
niber complicated. In the range of low and
moderate {ntenstties any increase in the sound
Pressure level causes m rhc in the ampiitnde of
AER 20d a comresponding reduction n the
AER pak latencis (Beagley & Knight,
1967 At high intensitics, the amplitade of
AER remains unchanged (“saturation™ or
‘ven decrexses (Davis & Zerln 1966 Butler
®al, 1969 Picton ct al. 1970 Kollir 1971)

It b nat clear 5o far which parameters of
(e AER thow a closer relatlon (o the stim-
A intenslty and whether “cross hearing™

may affect the results of AER amplitude and
latency messurcments under the conditlons of
monanral stimulation.

In order to eliminate the effects of “crosm
hearing” contralzteral tonal masking has been
employed by Picton et al (1970), but this
cruscs a general shift in the AER amplitude
vi stimulus intensity curve. Thus, contralat
eral masking complicates the experimental
conditions and may cause additional difficul-
ties 1 the evaloation of the data obtained.

In the present stody shifts m AER amplh
tude and latency related to changes In stim-
ulos intennty were Investigated In order to
cvaluate the effects due to “cross hearing”
comperative studies were conducted in per
sons with normal hearing and with different
mteraural threshold differences.

METHODS

Twenty-five persons were studied (17 women
and 8 men)—13 with normal auditory func
tion or with moderste symmetrical hearing
lostes and 12 with unilateral high-graded hear
ing loss. In the latter group the possbility
of “cross hearing”™ could be excluded even
at intensithes up to 110-120 dB SPL.

The subject quictly sat 1n 2 sound-attenu-
ated and electrically shiclded room. Ton

Acra Crolaryng 76
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Fip. 1 Mean and gandard devis-
tlon valoes of kevels of sound
stimul ot which decreases in
AER pzak smplltude (N1-P2)
are evidenced n persons with nar
mal hearing or symmetrical bear
Ing Josses (keft column), and In
persons with unilatersl desfoem
or one-sided severe hearing Jow
(right colurmn). The AER sere
recorded o recpouse to 1 kHz
1ooe barsts.

53
ne3

p<0 01

bunsts of 300 msee duration with rise and de-
cay tmes of 8 msec were presented monaur
2y by & TD-6 earphone once every 3.2 sec
(in 21 cases) or 25 sec (in 4 cases). In 12
cascs the frequency of tonal stimull was 1
kHz, in the remaining 13 tone bursts of other
frequencles (0.5 2 and 4 kHz) were also em-
ployed In some cases amphitude modulated
lonnl signals were presented as well. The tonal
It were generated by a G3-18 oscillator
P *n 2 builtin electronic switch. The sound-
intensity calibration was carried out by means
of a Type 2007 Measuring Amplifier and a
Type 4152 Aruficual Ear (Briel & Kjxer) In
some cases chick stimuli were abo nsed which
were generated by applying 005 msec square
pulses from a MSE~40 sumulator (NThon Koh-
den) to the earphone The Intemsity of elicks
was measured fn dB companng their main
peak with the Ltude of cali
brated tonal stimul on the screen of an oscil-
loscope (peak equivalent SPL)
The AER were recorded from the vertex by
a silver disc electrode with a duameter of §
mm Before the application of the clectrode
the skin was shaved and treated with alco-
hol and ether The electrode was fixed with
collodium The reference clectrode was pos-
tioned on the earlobe thec interelectrode re
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sistance did not exceed 3 kQ. The scalpde
rived actinity was amplified by a MB-S32
(Medicor) and an AVH 2 (Nihon hohden)
preamplifiers using filter settings of 0.5 (low
Iimit) and 50 (high limit) Hz. For averaging,
a Dhidac4000 computer (Comef Intertech-
nique) was employed the AER were recorded
photographically from the screen of its osci-
loscope. From the same electrodes the EEQ
was :inmltantously recorded by a Type 300
Mi aph E der). Both the
computer and !he clectronic switch were tng-
gered from the sumulator In most cases,
averaging was carried out over 100 presents-
tions. The amplitude of AER was measored
between the peaks of PLNI and NP2 The
peak Iatencles of PI N1 and P2 were deter
mined, these peaks will be referred to as the
early components of AER. The parameters of
Iater componeats (N2 and P3) were also taken
into account.

RESULTS

There is a comparatively simple relation be-
tween the stimulos mtenuty and the peak la-
tencaes of the AER components: the mse i
timulus intensity is fed by a gradual
reduction m the latencies (Figs. 2 and 3). Ths
phenomenon {s most clearly demonstrated at
sound intensities up to 2040 dB SL, although
some decrease in latency for P1 NI and P2
was observed even at higher intensities.

The relation of the AER amplitude to sound
intensity is more complicated. The phenomen3
of saturation™ and decline in the AER ampiF
tude-intemsity curves occur at different hear
ing levels. According to statntically calculated
data there §s a significant difference between
two groups of sabjects, the first including per
sons with normal heanng or bilateral symme-
trical hearing Josses, and the other group pet
sons with unilateral deafness and umlateral
high-graded hearing loss. The average value
of sensation kevels at which “saturation” and
decline were observed was 94 dB for the fint
group and 75 dB for the second group (Fig 1)

The “saturation™ and decline in PI-NI and




Amplitude and latency Sudies of auditory evoked respontes 397

Acsa Orlaryng 16



398 S N Ahechinashvill et al

ated

NI1-P2 amplitudes can be d

Fir + Difference In chaoges of the
carly and late AER componcnts sih
sound lotemlty varlations. Ampiltede
Il ' 10 xV tkme 0
mscc.

carly at lower levels of sound is.

ako at moderate Intensity levels (Fig. 2B C)
In both cases the decrease 1n peak latency Is
obvrous (Figs. 2 and 3) With tone bursts of
higher frequencies “saturation”™ begins earlier
and is better expressed as compared to tones
of lower frequencies (Fig. 2 A).

In most cases the input-output curves are
simflar for the amplitndes of PI-N1 and N1-
P2 (Fig. 3B C). In other cases some discre
pancy between them may be observed duce to
the varmability of Pl as compared wath the
more stable N1 and P2,

The changes in the amplitude of the early

ponents of AER are not always accom-
oled by similar changes of the later com-
nents (Fig. 4) The amplitude of the later
components may increase at high levels of
sound (atcosity whereas the amplitude of the
carly ones s markedly reduced (Fig. 4B C)
On the other hand a rise in amplitudes of

tenuty may be accompanwkd by a decresse b
the amplitude of the late components (Flg.
4 A) A similar discrepancy Is shown in vari-
ous states of the sleep-wakefulness cycle and
may be observed, for Instance during syn-
chronized sleep (Fig. 6) Morcover the carly
components of AER can arhe without the lte
components (Fig. 5 A, B) Besides, in a num
ber of cases their thresholds seem to differ
lower thresholds which colncide in most cases
with subjective auditory thresholds are typical
for the early components, the thresholds of
the later components being as a rule some
what higher (Fig. 5 C).

DISCUSSION

The data presented show that fn many cass
two levels of response “saturation” (or de-
cline) may be traced in the AER ampliteds

Fig S The absence of late ALR compe
nents at high intemities of sound ste-
ulation (A, By threshold difference be
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B snnto Aot e e areri

Fy & Lefr varly and lats AER components during

tep (A) and wakefulocw (BY; alertness
36 sstrioed by counting the nomber of peesented
toos borss. Righr EEQ recorded during averaging.

Imensity curves: m the range of 40-50 dB SL
0d 70-100 dB SL. The latter are more con-
sstent and may be better revealed by sounds
of higher frequencies, they will be discnsed
b detail,

Two records on B are the same AER suth different

cation. Amplitude cahbration. 10 AV for AER
50 4V for EEG time caldwathon. 100 meec for AER,
1 sec far EEG

of “sturation” and dechine in the AER am-
plitude-mtensty curves are more pronounced
m cases when auditory stimmuh of higher fre
quencies (¢ g 4 kHz) are used, whereas the
contractions of the muddle car muscles affect

The ph of AER & de "sato-
ntin” and dechne were revealed with differ
@t stimuhes presentation Intervals, Le when
t002 burss were presented once every 3.2 or
25 sec. This observatlon contradicts the state
ment of Picton ct al. (1970) that the decline
& response amplitude at high intensitees
Botcrable oaly when stimoli are presented at
Iotervals of 2.5 sec or leas.

According to our results the phenomena of
"Wanton” and decline In the AER empl-
Tde at high stimulus Intensities are statisti-
ally significant, although this relation # not
% demonstrable and not so casy to reveal as
for peak Intencies of the early AFR compo-
Tzats,

The possibllity that the amphtode changes
of AER at high sound intensities arc medsated
b the middie car muscle contractions can be
Teled out on the ground of the following con-

(a} the durution of temporal sum-
matlon in the AER generating mechanisms is
Frobably lem than the latency of the middle
A muxcle contractions (b) the phenomena

pr inantly the conduction of lower fre
quenaes (sec c.g. Wers#ll, 1958 Simmons,
1959 Kevankhvill & Gracharla, 1972).

The character of both AFR amplitode and
latency changes suggests that “maturation”
and decline arc postsynaptic phenomena, Le
they must be attributed to Inhibitory processes
within tho AFER-generating mechanltm itself
to the asociative (Davis, 1965) or pnmary
auditory cortex (Vanghan & Ritter 1970), or
to a more complex nenromal network (Davis
ct al, 1966 Heath & Galbrafth, 1966
Khechinashvill et al. 1972)

The tmportance of central inhibltory pro-
cesies in the phenomenon of AER “smtura
tion” and decline has been already considered
(Picton et al 1970). However the poxdbility
was offered that in this cvent the descendmg
inlubrtory clements of the specific auditory
sysiem, e.g. the oltvo-cochlear bundle, play
a major role the actrvation of these elements
results in a decrease In the output of the specl
fic relays (the cochlea, the cochlear nuclel),
According to the presented data such posnl-

A C
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LOUDNESS OF BRIEF TONES IN HEARING IMPAIRED EARS

Temporal Integration of Acoustic Energy at Suprathreshold Levels
in Patlents with Presbyecusis

C. Brahe Pedersen and T Poulsen
From the Department of Otolaymgalory Gentofre Horpicad
Copenhares, and the Acoustics Laboratory Techaical Universlry of Denmari
Lyngby Denmark

(Recehed March 14, 1972)

Absiracs. The tempocal integration of acomtk encrgy
by beent messured o 24 patients with presbyscmis
&t 75 and 95 ¢B SPL, mon- and blnsural The
i estigation was a loudnes estimate of 7 brief toncs
with a duration of from 5 (0 320 m. Signal presen-
tatlon was besed

. lindings
of this tmestipation [ndicate that the tempocul Inte
gration b oot for the reduced dierimi-
naton 0 patents with sensorincural hearing

Jom.
The hearing threshold # dependent on the
stimulus duration in the time domam up to
200 msecc. When the pulse duration 1s de
creased, the sound pressure must be increased
1o reach the threshold. This phenomenon is
called temporal integration of acoustic energy
and can be quantitathvely measured by deter
mination of the threshold shift between tone
pulses of different durations,

A threshold shift smaller than found 1o nor
mals (3 dB per doubling of stimulus duratron)
is described as redoced temporal integration.

Temporal integration of acoustic energy
when measured at threshold, 1s reduced in
mtents with sensormeural keanng loss (Hatt
Ths Enestigation has been supported by the Dankh
Gorernment Fuod for Scenufic and Indostnal Re
scarch

Acts Orolaryne 76

ler & Northern, 1970 Pedersen & Efberling,
1973).

Thrs might be one of the reasons for re
duced discrimination in patients with senseri
neural hearing loss (Hinchelufe, 1970), if 2
differtnce In temporal integration between
normals and patients with sensonneural hear
Ing loss also exists at higher sensation levels.

The purpose of this [nvestigation was to
measure the temponal Integration at supm-
threshold Ievels in patients with heanng loss
of cochlear origin. The results obtained will
be compared with findings 1n normals myest-
gated under similar conditlons.

MATERIAL

Twenty four persons (13 females, and 11
males) with the diagnoshh of presbyacuss
participated in the investgation. The age of
the testsubfects vared from 60 1o 82 yeark
The test-subjects were selected from the Av
diological Clinke, Geatofte Hospital, and moyd
of them had applied for a hearing ald. The
dmgnosis of presbyacuss was ensared by hit-
tory otological investigation and audiopram-
To ensure an equally composed materal, ovly
patients with a symmetnc heanng loss of 30-
40 dB at 1 000 Hz were investigated
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Fig | Block-dagram of the sctup for the oodnem
balscce syt

METHODS

The investigation was & loudness balance test
of tone pubses of varying duration. Tests with
mon- and bimaural listening were performed
4t 75 and 95 dB SPL. A block duagram for
the set-up & shown 1n Fig. 1

Signals

In all mvestgations, filtered 1000 Hz tone
mlses of the following durations were used
510, 20, 49, 80, 160 and 320 ms-

Equipment

The pulses were gencrated by » functron gen
s which vttt and stopped n T ey
g of the sins wave. The pulses were fil-

tered through a 1/3 octave filter with & ecnter
frequency of 1000 Hz and were repeatedly
recorded on a twochannel tape recorder
Tra.k 1 contained a pulse of a doration T
track 2 contained a pube of a duration T/2,
as shown m Fig. 2 (10 ms €7 <320 ms).

In each test scries the tone pulses on track
1 were presented with a fixed intemsity The
intensity of the tone pubses on track 2 were
changed by a relaycontrolled modiffed HP
350 D aucnustor The smallest step of the
attenua or was 1 dB The dynamrc range was
from —20to + 80 dB attennation.

In test senes at 75 dB SPL (measured at
T>320 ms) an clectrostatic loudspeaker
{QUAD) wes used. In test sedet ot 95 B SPL,
(measured at T7>320 ms) 1t was necessary lo

Tit 2 Seqmence of the mpnah whb duratom T aod
T/ (schematic)y Acumily the signake woe fikered
before recordmg.
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use an electrodynamic lovdspeaker (Lansing
S 8) to obtaln the high maximum sound pres-
sure level required by the test procedure
(115dB SPL).

The loudness estimations were made in an
anechoic chamber (5 x 4 x 3 m®). The test-sub-
jeet was seated in front of the loudspeaker
at a distance of 2 m.

The sound presaure level of the reference
tone was controlled by a condenser micro-
phone, replacing the patient s head.

In the monaural investigations a hearng
protector (Nobsefoe, Mk II) was used on the
ear not investigated. This protector will at
tennate the sound pressure approximately 40
dB at 1000 Hz

In one series, a heanng aid (Oticon 567
PC) was used with a fixed amplification of
20 dB measured in a 2cc coupler at 1000
Hz

Procedure

The test-subject was asked to compare the

loudness of 2 tonc pulses with a duration of

T and T/2 (see Fig. 2). His response was given

pressing one of three push-buttons:

\'Tonepucho 1 is the loudest.

-} Tone pulses Nos. 1 and 2 arc equally loud.

3) Tone pulse No 2 s the loudest.

The tone pulses were repeated with con-
stant sound pressure levels untll the test sub-
Ject had made a judgement.

After each judgement, the amplitude of the
pulse with duration T/2 was changed by an
on-hine compater (PDP 8;E) working on 2
principle of maximum likelihood for estimat
Ing psychometric functions (Hall, 1965
Cocker et al, 1969 Lyrcgaard & Pedersen,
1971 1973). This method s an adaptive pro-
cedure 1n which the new presentation level 1s
bascd on the knowledge of previous judge-
ments.

On average, an equal Joudness estimation
was based on 25 independent judgements per
subject.

Two test-subjects were jnvestipated alterna

Acta Otoleoyn 76
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Fig 3 Programme of imestigations. The nmmber of
patients participating bn different test serics i shoun

on the arrows.

tively Le after 10 min of loudness judging
the test-subject was allowed to rest for 10 mun,
while the other test-subject was investizated
Asx mentloned previously 7 different pulbe
durations were msed comsequently 6 loudness
balance estimates were performed on each
subject. Two test-subjects could be Investr
gated during two hours,

Instruction

The testsubjects were Instructed before each
test. To ensure that the instruction was uz-
derstood, onc or more pilot tests were pef
formed before the results were recorded. One
woman was rejected because she was unable
to understand the {nstruction.

Programme of Investigation
Fifty four loudness balance test senes were
performed on the 24 test-subjects. Each sencs
incladed 6 Toudness belance cstimates, The
pr of ins fon is ted
inFig. 3

Eightcen testsubjects were primarily Inves-
tigated at 95 dB SPL, binaurally Twelve of
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18 PATIENTS

95 08 SPL

BINATRAL

95T CONFIDENCE INTERVALS AFE SHOWH

PLSE
DUmATION

3 1" 20

feq

Flgr 49 The curwes thow the kncreese, I, in sound
Premors el required to give the ame loodnes xs

thete 18 test-nbjects were farthermore imves-
Ugated at 95 dB SPL monaurally while 6 were
iovestigated at 75 dB SPL binaurally

Sk testsnblects were primarily investigated
1 75 dB SPL monagrally and furthermors
Investigated at 75 dB SPL bluaurally These

4

a0 " 1% 318

mSEC

for 2 320 m tone pulse. Abscna timo tn Jog scule-
ondinatr 30und presrs level in dB.

6 test-subjects were abo investigaied weanng
& hearing aid.

RESULTS

It was & chanacteristic feature in these in-
vestigations that a great Inter-subpect varfa-

12 PATIENTS

75 DB SPL

BINAJRAL

951 CONFIDEMCE JNTERYALS ARE SHOWR

LS|
BURATION

v

o it
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A
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12 PATIENTS
1 95 D8 SPL
% O~ ~—--0 MMQAURAL
o———0 BIRAURAL
" 957 COXFIDENCE [RTERVALS ARE SKOWT
12
"
:
‘
.
2
320 mEC
Fig 6

uon existed. The results of 18 testsubjects,  vestigated at 95 dB SPL mon- and binaunlly

investigated a1 95 dB SPL binaurally are ere compared in Fig 6 A similar invesugs-

given in Fig. 4 tion of mon- and binaural sound epplication
Twelve test subjects, imestigated at 75 dB  at 75 dB SPL has been made on 6 test-sub-

SPL binaurally showed results as reported in  jects, and the results are given in Fig. 7 Te
& 5 To investigate differences of the tem- consider the influence of sound intenuty at

> integration at mon- and binaural stim-  the temporal mtegration, results from Figs. 4
A the results from 12 test-subjects In and 5 may be compared.

L
o
20
6 PATIENTS

1l 75 DB SPL
“ === MNDARAL

o——a BIRAIRAL
1 95T COFIDENCE INTERVALS ACE SHO%1

' %4
Acte Otoleye 76
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6 PATIEATS

O-==--07508 SPL (FI6 7)

O——o055BSL+20 18
HEARIAG ALD APLIFICATION

958 (OnFIDENCE IHTERVALS ARE *HOWH

Frs

The investigation of 6 test-subjects at 75
9B SPL monaurally and 55 dB SPL-+20 dB
bearmg oid amplification monanrally showed
that the temporal mtegration was equal under
thee two conditions (sec Fig 8).

DISCUSSION

The reduced ability in patients with a strsore
zeura] hearing Lots to disctiminate peech can
0t be explained only by the change in bear
Ing threshold (Pestalozza & Shore, 1955) Fac
1ors other than the decrease in hearing thresh-
old mugt be of Importance for d]scrlmhuﬂom
€L & change of the

1973) bat no previons investigations of the
temporal Integration at higher sensation lev
¢ls m patkents with a sersorincural beanng
loss have been reported.
igations of I at
various intenmtes in normals have given the
following results. Poulsen (1969) found a
marked reduction of the temporal integration
at high intensities (70 dB SPL). Lyregrard
& Pederten (1973) investigated the temporal
fategration on pormals at intenuties 55 75
and 95 dB SPL. They used the mame metbod
and equipment as reported in this paper and
the results are shown in Fig. 9
Tancmura et al (1969) found that the tem
poral showed & Ic redoe

Wd/or & change of the critical band width
(Hinchellfte, 1970).

This mvestigation has been made to meas-
ure the temporal mntegration at higher soond
Pressure levels 1 patients with presbyacusis
for later comparison with normale Severnl
athory have connidered the temporal integra
ton In patients with presbyacusis at threshold,
and these investigatuons have shown a redoced
temporal integranon (Wright, 1968 Hattler
& Northern 1970 Pedersen & Elberimg,

tion with increasing sound pressure level
Zwhlockl (1969) has mentloned that the tem-
poral integration is reduced at higher sound
pressure kevely,

From the literature 1t can be concluded that
in normal hearing subjects temporal integra
ton s Jower at high intensitics than at thresh-
olds,

Our investigation showed that In patients
with presbyacusly, the temporal integration
was equal to that of normals, when meas

Ace
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H

P9

at 95 dB SPL. At 75 dB SPL the temporal
integration was found to exceed the values
found in normals. Thus, no reduction of the
temporal integration In patlents with presby-
acusis has been found.

Tnvestigations of temporal integration at
~ scnsation levels (loudness summation)
normals have shown that similar results

« obtained by mon- and bi 1 listent

24 RORMAL HEARING PERSOMS
BIRAIRAL

951 CONFIDEMCE INTERVALS ARE SHOKT

320 MILC

acusis is not reduced compared with fndings
in normals. This indicates that tho temporal
integration Is not responsible for the reduced
discrimination in paticnts with sensorineural
hearing Joss.

ZUSAMMENFASSUNG

(Hellman & Zwislocki, 1963 Rowley & Stude
baker 1969). In agreement with this, our in
vestigation showed no significant change at
mon verns binaural sound stimulation (Fige
6and7)

By increasing the intensity 20 dB Le from
75 to 95 dB a slight decrease in the temporal
integration was found (Figs. 4 and 5) This
change has not been notrced 1n pormals (Fig.
9) but threthold measurements have indi-
cated a decrease in temporal integration with
an increase in SPL in patients with presby
acusis (Pedersen & Elberling 1973)

The ose of a hearing sid did nat influence
the temporal integration in the 6 patients in-
vestizated (Fig. 8).

These investigations have shown that the
temporal 1ntegration in patients with p

Acsa Oroleryng 76
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EFFECT OF POTASSIUM DEFICIENCY ON COCHLEAR POTENTIALS
AND CATION CONTENTS OF THE ENDOLYMPH

T honlshi' and E. Kelsey

From she Diridon of Otoleryngology the Unirersity of Florida College of Medicine
Geinexrille Fla USA

(Recehed Apeil 11 1973)

Abstroct The scala sestlbull and/or scala tympan}

maling patential (SP), action potentlal (AP) and endo-
cochlear potential (EP) were recorded before during
and afler the perfuston. The sodlum and potamiom
contemts in the endolymph were abo determined, Per
fudon of both seuba vestibull and tympanl with coo-
trol solotbon did not produce appreclable changes in

and sccompanied by Increase of the posithe 5P These
i\lnp:llcremﬂ!ﬂ?k The mestarement of polss-
m and sodlum coatent in the codolymph indleated

Since Smuth et al. (1954) demonstratad she
unique high content of potassium in the endo-
lymph a great deal of attention has been di
rected toward the role of potasstum jons in
the endolymph in maintaining the cochlear
potentials. Konlshl et al (1966) reported that
potastium-rich endolymph s essential for
maintaining the high sensitivity of the hair
cells of the organ of Cortr.

The elfect of an Increase in potassium con-
tent in the peritymph on the cochlear poten-

The present bn otigation wes supported by the Na
tioeal Tnultute of Neurological Dresse snd Siroke
NS05016.

Abo from Depariment of Phyuclogy and Com-
onication Schencet Laboraton
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tials has also been examined by severl b
vestigators (Tasaki & Fernindez, 1952 haf
pers, 1969) their results Indicate that -
creased potassium concentration in the sal:
tympani causes suppression of both cochiear
microphonic (CM) and the whole-nerve action
potential (AP) and a temporary increase of
the endocochlear potential (EP) However
the effect of potassium deficiency in the perr
lymph on the cochlear potentials has not yet
been fully investigated. High Na K -ach
vated enzyme activity was found in the stm
vascularls (huijpery, 1969 Nakaj & Hilding
1966) and in view of this the stria vascubrs
appears to be the slte of the cation pump
which maintains the fonic difference betweed
the endolymph and the perilymph (Ioum
1967 huijpers, 1969 Bosher & Wurem
1968). As the Na K -activated ennyme 0%
tem requires for activation potasmum and -
dium in addition to magneslum the conce®
tration of potassium in the perilymph would
be critical for maintaining the activity of tht
strin vasculans, and potxsslum  defierend)
would lead to the deteroration of cochia
function

The present paper deals with changes of
cochlear potentlals and fonic comp of
the endolymph when the perfiymph K &
placed with a potassium-deficient solution and
provides the evidence that the normal for
tron of the cochlea fs reveraibly sappressed
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after etmination of potaswmm fons from the
perlymph. The abstract of this paper was
pexented at the 83rd meeting of the Acous-
txcal Society of America in 1972

METHODS

Healthy guinea pigs anesthetired with pento-
barbital sodfum were used throughout the ex
perments. The cochlear potentials were re
corded from the besal turn with differential
dectrodes (Tasaki et ol 1952). The technique
for rdlng the cochlear incled
g CM, summatmg potential (SP), AP and
EP hat been folly described In our other
pepers (honkhi et ol 1961) In some cases,
CM and EP were recorded from the basal and
third turns simultaneously In the third turn
it b difficult to prevent leakage of the per
fasate from the holkes futo which the differen-
téal clectrodes are inserted, thus CM from the
third tum, when necessary was recorded
from (b scala medh. The tone bursts used
B acoustic stimull were delivered in & closed
iem.

The techniques of sample collection and
aralyshs of endolymph used 1n this experiment
were exsentially the same as those described
chewhere (Mendelsohn & honsshl, 1969). If
the mmple was collected smoothly EP did
20! show dgnificant changes. When EP
showed a sudden drop or decreased contin
wously by more than 10 mV the sample was
discarded.

a1

The perfusion technique used in this experk
ment has also been described 1 oar previons
mMper (honishl & Keley 19680). The rate
of the perfusion was apprommately 2 #1/min
and the perjod of perfusion was 20 wm. The
ifictal perftymph had the following com-
postlon (mM) NaQ 137 KA 5 CaCh 2,
NaHPO, 1 MgCl, | NaHCO, 12, glucose
1l The pH of this solution ranged from 7.2
0 74 Potamurn-free solution was mede by
ciminating KCl in the above solution and the
tonxcity of this solution was maintalncd by
sfing the ppropnate amoant of glucose
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The isotonicity of these solutfons was deter
mined by freezing-point measurement. The
perfusate was kept at room temperature
20 O.

Procedure

The anesthetized animal was jmmobilized
with an intravenous [njection of gallamine
trdcthiodsde The cxperiments were carrded
out under artifical respiration. In the pre
parations which were designed to examune the
temporal changes of the cochlear potenthls
the first perfusion, except for a few cases,
was carried out with the artificial perilymph
for a peniod of 20 min. About 10 to 30 min
later poteswum-frec solution was Introduced
into the perflymphatic space and again about
10 min Iater washing with the artificial peri-
lymph was carried out The penod of the sec
ond and third perfusions was the same s the
first. The electrical responses were recorded
periodically before, during, and after the per
fusfon.

In the prepanations which were wed for
determination of potasustum and sodium con-
tent In the endolymph, the sample of the
endolymph was taken immedirtely after the
end of the perfusion with ether the control
ar the pommsrlum-free solution. The CM and
AP were monitored during the perfunon but
EP was not measured continuously in these
cases.

RESULTS

Alieration of cochlear potentlals

Perfusion with artificiad perilymph. 1t has
been shown In our previous papers (Konishi
& Kelsey 1968a Konishl, 1972} that the
cochlear potenthal dud not change apprechably
during perfusion when artificlal perilymph
was introduced Into the perllymphatic spaco
at the rate described in Merhods. When the
sound-evoked responscs were recorded from
the basal turn, the Input-output curve of CM
and AP at 6 kHz showed essenthlly the same
configuration before and after the

Acta
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)Isn the isopotential curve of CM st the level
of 400 p#V was hardly affected by the per
fuston and its diffcrence fell within +1 dB
over the range of 0.5 to 10 A\Hz

The shght changes in the cochlear polen
tials scen in the fimt perfusion could be re-
produced by subsequent perfusions. Fig. |
shows one Je of changes in lear re-
sponses during and after three consccutive
perfusions of scalac tympant and vestibull
‘The CM recorded in the besal turn and third
turn CM, and CM, respectively were little
affected by any of the three perfusions The
time course of AP was similar in cach per
fusion. Also EP in the basal and third turns
demonstrated s slight Increase duning the per
fusion and a gradua! return after the perfu-
sdon even though the magnitude of (hanges
was greater in the third than in the sl tum

Acta Otoleryne 76

trodes placed in the baml furn; CAL, CM recorded
{mserted into the scals medi

It should be noted that there Is Iittle cumuls
tive cffect on the coclear potential of the
three consccutive perfusions. Thus, it can be
safely assumed that the effect of the poixs
sfumLree solution on the cochlear potentis!
could be estimated by comparing the change

Table I

Endolymph
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S {res moiution. Al reepoases are recorded from

B the fint perfusion with the normal perk-
Iraph with thote observed In the second per
{zw0n with the potasshim-free soluton.

Perfusion swith potarsium-free solution. The
chlear potentials, EP and the sound-cvoked
Tponses, whowed marked changes daring
*=d after the introduction of potasslum-fres
ointion into the perflymphatic space. A typ-
&l example s shown In Fig 2 EP began
® drop progressively within 5 minutes after
Qe perfusion and declined progressively as the
Perfotion continued. In most cases EP was
*pprexed to about S0% of the pre-perfusion
Magnitnde at the cud of the perfusion Even
Tough the rate of the decline in [P varied
tmong the preparations, the supprenion of
EP way consistently observed during the per
tabon, Recovery of EP after the perfusion
Va3 umally rapid and in most casey partlal
tecovery was recorded even without washing
with the artficial perflymph With washinp
EP recovered fully to the pre-perfution level

B

CM was also suppressed by perfuslon with
potassium fres solution. Strikingly the do-
cline of CM was usually slower than that of
EP CM remalned unchanged for 5 to 10 min
after the perfusion. There was no conslstent
parallel relationshlp of decline between CM
and EP As the perfuslon contlnued, CM be-
gan 1o decline snd at the end of the perfudon
the lost of CM was about 20% The Inpul-
output curve of CM taken before and {mme
dlately after the perfusion showed Interal shift
of the linear portlon of the curve by about
3 dB and suppresvion of its maximum penk
(Plg 3) The hopotental curve for CM at
the 400 41V level showed on the average a
3 dB lows In the frequency range from 0.5 to
10 kHz Recovery of CM was ohaerved afier
the perfislon but only n few cases showed
compiete recovery of CM after washing

Tho changes in SP were chamcteriuke, In
ull casey in which BP declined progrossively
durlng the perfudon  the posltive SP way
prominent. The changes In S1 were \lmthQ\
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those observed during asphyxm (honishi et
al, 1961) or perfusion with metabolic Inhib}-
tors (honishi & Kelsey 19682) SP had a
tendency to Increase fts negativity during the
recovery period of CM or EP

AP was depressed much faster than were
other electrical responses (Fig. 2). AP shoned
a suppression greater than 50% after 10 min
of perfusion. At the end of the perfumon,
in the majority of cases, AP could be ob-
served only at high intensities of stimull as
shown in Fig. 3 AP recovered rapidly after
the end of the perfusion and occadonally
super-normality of AP was observed after
washing.

The changes in EP CM and SP In the third
turn showed a tme course similar to those
recorded in the basal turn. The input-ouiput
course of CM response to 0.5 kHz demon

10007
00 /\
cm
~
ar
100y

o do 8 epy

a e o0 a0

Fir 3 Comparsm of input-output cunves of CM
(circker) and AP (rectangles} befove and afier the

oaves
gimulu, & kilz tono burst, rhing and fallmg lhne
0.5 mvec
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Fig 4 Frequency diagraem showing the chungn
EP CM and AP 10 min (left skde) and 20 mn (right)
after Intiation of perfusion whh artifical periympb

talen as 100%

strated changes similar to those recondked in
the basal turn.

The frequency diagrams, as shown fo Fig.
4 demonstrate the changes, in CM and AP o
response to 6 kHz tone bursts at 50 dB SPL,
and in EP recorded In the basal tum at 10
and 20 min after the perfusion with the artr
ficlal perflymph (blank columns) and the po-
tassium free solutions (shaded columns). The

hanges in resp are exp d in percent
age The responses at the pre-perfusion time
arc taken as 100% It is noted that EP and
AP were suppressed progressively during (he
perfusion with potassum-free solution  but
the suppression of CM was lesy

It has been reported by several fnsestigators
that Relssner s membranc plays a major rok
for active transport (Rauch ct al, 1963}
Therefore  perfuston  with  potasslum-frer
solution was carred ont fn the scala vestibull
or tympani separately The suppresiion of EP
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o CM was less in both cases than with perfo-
sor of the cotire perflymphatic space. How
ever our results cid pot show more rapid de
¢hize of more marked loss of these responses
Ju perfonen of the scals vestibufi than in that
of the scala tympanl In both of the separate
perfosons, EP decreased Hts magritude 1o 70
0 0% and loss of CM was approximately
5% AP showed a more rapid decline during
the first 10 minnte perdod of perfusion of the
b tympani than it did in that of scala ves-
tbali but loss of AP was about 30% at the
end of the perfosion.

In order o answer & question as 1o whether
the cochlesr aqueduct may reduce the effec
teness of the perfusion of the perilymphatic
#ace, murgical obstruction of the cochlear
Mpeduet was performed. Qur results fndicate
fhat the effect of the perfusion on the coch-
kar potentiaks was not cnhanced by the ob-
!mcﬂonuflhecochla:nqucdna. when the
prloin was carried out as described
Methods.

Aberation of endolym ph composition
[2 order 1o evatuate the effect of potasmom
defiaency n the peritymph on the concentra-
% of soffam end potassam of the endo-
1 compernon was made in three
F%ps one witbout perfuwon, the sccond
Mith perfosion with the arnficial perllymph
2 the third with perfusion with the potas-
%”Mhn.Ammmuyofﬂwmulu
¥4 respect 1o endolymph s shown In Table
L The mean and standard deviations werc ob-
erumloexpcrnnmulneachgmupAU
42 bnckiged in this 1able were obiatned with-
e oty of EP greater than 10 mV daring
U enllection.

In normy) preparations, the mean valuc for
Em concentration was allightly lower and
tat of potastum higher than that reporied
'T’:;BM (Mendelsohn & Konishi, 1969

potassium content of the endolymph. Statly-
tical treatment with the rtest revealed that
there were no significant differences between
normal and control groups at the $% letcl

In the thitd group, using perfuston with
potassiusm-free solutlon, the same peocedures
were employed as in the perfusion with nor
mal solution. However the results indicated a
decrease of potasuum and an increase of so-
dium content after removal of potasnom jons
from the perilymph. These differences were
found to be ngnificant at the 5% level

The magmitudes of EP obtmined during the
coltection of the cndolymph ako indicate that
perfumsion with arnfical perilymph reslts in
no sgnificant alterations of EP from those
obtained from non-perfuted cochlea. How
cver perfusion with potammum-free solution
decreased EP significantly according to the
1est.

DISCUSSION

The present results suggest that removal of
potassium jons from the peritymph results fn
reversible suppression of the cochlear poten-
tial and that the optimal concentration of po-
tassium fons in the perilymph {8 cssential for
the generatfon of the cochlear potentialy. Thry
rauses a question as to the effect of potamjum
deficiency on transdacer action of the coche
lea. While the effect of Increase of potassium
concentrstion in the peritymph can be attrb-
uted to the depolarization of the hair cells
and the primary neurons, the effects of re
moval of potassium fons sre lcys easfly ex
plained. Several possible mechanbms should
be considered. (1) suppression of active trany-

post, (2) enh of the endolymph
negative diffuson potential, and (3) depolar
iring acthon.

K iz rapldly secreted from the blowd {ate
the endolymph, while it enters the perilymph
mors slowly (Choo & Tabowitz, 1965) and

N valoes were found to bo parabl
wm"‘ obtatned In adult rats by Bother &
Ten (1968) The perfudon with the artl-
perllymph did not alter the sodium or

labelled potassfum {s transferred quickly from
the scala vestibull to scala media (Rauch et
al. 1963) These findings strongly sugpest that
the high potasdum content of the tl’lley:lph/

Acta D
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s maintained by the active jon transport and
the EP i essentially the secretion potential
genernted by an electrogenic catron pump.
This concept has been supported by findings
that ouabain, & specific inhibitor of Na K
actrvated enzyme suppressed EP and causes
rise of sodium and fall of potassium in the
endolymph (honishi & Mendelsohn 1970
Ruijpers, 1969). The Na K -activated en-
zyme requires for activation potassium and
sodium fn addition to magnesium and this is
nearly maximally activated at 5 mM of potas-
sium which js the normal concentration in
the perflymph (Ruljpers, 1969). Thus it &
Iikely that the replacement of the perilymph
with potassium-free solution results In sup-
pression of ATPasc activation which reflects
the drop of EP and fall of potassium in the
endolymph.  Ruifpers (1969) and Tinuma
(1967) reported the strong activity of ATPase
in the stria vascularis and Nakai & Hilding
(1966) found that ATPase activity s located
on the c¢cll membrane of the marginal cells
of the striz vascularls and in the basement
membrane of the capfllares.

Our results seem to indicate that the stria

.<ularis is primarily involved by removal of

as3lum In the perilymph because the per

slon of the scala vestibull with potassium-
free solution did not suppress EP more
quickly or markedly than did that of scala
tympanl. Although the role of Reissners
membrane cannot be ruled out In terms of
fon active transport (Hinojosa, 1972), it scems
likely that the tramsport of potassium from
the scala vestibuli to the endolymph, reported
by Raunch et al (1966) did not occur across
Reksner s membrane but through the sirna
vascularis.

The second explamation would be that the
decrease of EP by removal of potassium may
reflect the combined elffect of suppression of
the positive sectetory potential and enhance
ment of the endolymph-negative diffuston po-
tential. As it is generally astumed that the
organ of Corti u filled with penlvmph or
peritymph-like fluid, Ruljpers (1969 yug
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gested that EP s normally balanced by the
positive secretory potential and the nepathe
diffusion potential produced by the potasuam
concentration gradient between endolymph
and perilymph or blood. He found that the
negative potential whick appeared {n the sal
media during the early stage of asphyxia can
be eclimmated by increasing the potasshum
content o the perilymph As the positive
secretory potential is sensitive to the lack of
oxygen supply and lhc po!us!um ccncenm-
tion in the endolymph r J
during the early stages of asphyxia, the oep-
tive potential in the asphyxisted scah media
may be attributed to the potassium dilfusion
potential across the membrane separating co-
dolymph from the perilymph or blood. How
ever Konbshi et al (1967) found that the hair
cells of the organ of Cortl can respond to ex
ternally applied d ¢, polarization or statkc do-
placement of the basilar membrane. This find-
ing suggests the postibility that the applca-
tlon of potassium-rich solution to the perl-
lymphatic space in the asphyxiated cochlea
alters the responsiveness of the hair cell. This
poxsibility s in line with our previous finding
(honuhl et al, 1967) that the magnitude of
the ncgative EP in the asphyxiated cochlea
is smaller in kanamycin-treated snimals than
in normal, although potassium content In tbe
endolymph In kanamycin intoxkcated animaks
was found 10 be in the normal range (henishl,
unpublished). From these previous obserst
tlons, It is stlll not clear that removal of po-
tasstum from perilymph enhances the potar
sium diffusion potential across the cochiar
partition. Further experimental data for these
phenomena must be scqulred.

It & expected from the Goldman eqoation
that the removal of external potassiom o
would produce hyperpolarization of the mem
brane 1f little change In fonfc permeability o€
curs. Recent stndies on taenla coli of gubne?
pigs (Tomita & Ysmamoto, 1971) demos
strate the depolarization in removal of €f
ternal potassium. Onc possible cxplanatioa
1s that when the external potassium conces:
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day K bhenarrie!  Bah

tration 15 reduced, the p 1 d

of the membrane 13 30 reduced that the effect
of the increase fn potassium equilibrivm po-
bl b counteracted (Hall et al, 1963). 1t
x Bkely that removal of potasstom from the
perilyoph affects the auditory nerve or end
gz bt 1t Is uncertain whether removal of ex
terml potassiom fons affects the transducer
mechinum fn the same way that it does the
mpabsze-generating membrane.
Deflickency of potastum fons in the peri-
Imph mght resalt In an increase in perme
ity of the cochlear partition and con-
rqueatly potastium and sodlum jons diffuse
Pshely In thelr concentration gradient. As
tremilt the potentual loss fn the scaln media
does oot reflect the decrease fn EMF of the
Sk viscalarks but merely tndicates the de

neel ontll the jonfe permeability of the

cochlaar partitton is quantitatively examined
i acema] and pathologrcal conditions.

The present study clearly demonstrates the

of potanium rons in the peri-

bagh for maintaining the normal function of

tympar anisthesierter Meer
b cinchen wurden mit kalwmfreics Lovaag darch-
WL Dae (CM), das Sam-

dis  Aktlonpotetial (AP)
i o), A

wurde auch dic Rolls der Kallombonen fn der Perh
lymphe.
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Abcrect, A torethold of octare masking tent (TOM)
ayral

o The TOM b cs1y to adminkder does
h'wdnqhuhmiuz\ﬂmhmdd-um
dbualned In @ very shart period of tme. Theugh
;;"hrdm:ﬁhm this test appesTs (O
pomztial #1 & tpecial test bn sndiometric dixg-

‘etigators have demonstrated that subjects

with cochlear involvement
Rotic thyesholds then normal bearifig peront

(Opheim & Flottorp, 1955 Lawrence &
Yantks, 1956 Lawrence, 1958, Yanth ct al,
1966) Two studics have repocted that aorel
parmomlc threshold measurements can be
wed as a substitute for recruitment tests (So-
Lolowaki, 1951 Opherm & Flottorp, 1955)-
Aural orerload testing has abo been wed
to peedict to mcowstic trau-
ma (Lawrence & Blanchard, 1954) to cstimate
the amount of cochlear reserve in otesclerosts
(Yantis & Magickkl, 195%) and to determine
whether amplitude distortion s contribat

ng factor 1o dscnmination breakdown at in-
tmdtylmlsnbavzltu?ﬂmx(\(lm.hﬂnl

1966).

Though harmaonic threshold measurements
appear to bave value, few audlologists include
this test among thelr clinical battery The
probable reason for thrs neghect scems to be
the dllficulty Invotved with obtalning accurate
harmonic threshold determinations. The psy-
chophysical technique most commonly used
to measure harmonic thresholds ks the explor
ing tons method. Very simply thh technlque
nvolves Introducing a fundamental tone to
the ear at sn intemity sufficlent to prodoce
a sccond aursl harmonic. To amist In the
detection of this harmanle, an exploring tone,
varying in frequency from the aural harmoalc
by only a few cycles, s introduced to the .
car This exploring tone then bea
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aural harmonic and is heard in the back
ground of the fondamental. The use of this
method for detecung harmonics  however
has been subjected to considerable eriticrsm.
For example Békésy (1957) concluded that
measurements of the threshold and growth
rate of aural harmonics are contaminated by
Interactions  of frequency discrimination.
Egan & Klumpp (1951) demonstrated an over
estimation bias inherent in the exploring tone
procedure. Finally there are practical diffi-
culties involved with making such measure-
ments. Harmonic threshold determinations
have been reported to take as long as 3045
min depending on the expenence motivatfon,
and intelligence of the hstener (Clack & Bess,
1969)

Recently Clack & Bess (1969) proposed a
simpler  alternative tone-on-tone masking
technique which was found to produce results
essentially equivalent to the exploring tome
method. The ratlonale for thhs technique was
based on a series of earlier experiments by
Clack (1967 19684 1968 b). He revealed that
harmoaic dstortion begins and grows at a
te cquakio or less-than masked thresholds

, ow 70 dB SL) Based on these data, Clack

Bess (1969) reasoned that harmonic thresh-
olds and masking thresholds may be equiv
alent il the masking was measured in the fre-
quency vicinfty of the aural harmonic. Ac
cordingly this test involved measuring the
monaural masking at one octave above the
fundamental masker (Af). Using 1000 Hz as
the Af,, Clack & Bess (1969) found that the
intensity leve! first needed to cause & thresh-
old shift in the maskee (Af 2000 Hz) was
greater for normals than 1t was for a sensori-
neural impalred group Thus, less Af inten
sity tn sensation level (SL) was needed with
pbnormal hearing Ikteners to produce a small
threshold shift in the Af. The intensity level
first nceded to cause & shift in the Af was
referred to as the threshold of octave masking
(TOM)

The purpose of this rescarch was 1o further
cvaluate the usefulness of the TOM for dif

Acka Oolaryag 76

ferential diagnosis. The present study e
deavored to  eliminate certaln  limitations
found In the Mitial fnvestigation by Incorpor
aiing a larger N more Al and Af frequen-
ciex, and choosing subjects with clearly de
fined lesions of the cochlea

METHODS

Subjects

The subjects In the present Investigation con-
sisted of a normal and a sensorf-neural im-
paired popalation. Ten subjects (4 males and
6 females) ranging in age from 20-H yean
(mean 24 years) made up the normal bearing
group. Each of these subjects passed an audio-
metric screening at 10 dB JSO for octaves
ranging from 125-8000 Hz Twelve persons
(8 males and 4 females) ranging in age from
11-83 with a mean sge of 59 yeary, served
as paid listeners in the group with sensor
neura! involvement, All subjects in the sen-
sori-neural group were sclected from patient
files at the Central Michigan Univensity Hear
ing Clinle, The following critena were used
in the selection of these subjects:

1 Pure tone thresholds of at least 28 dB 150
at frequencies 5004 000 Hz

2. A posltive Indication of cochlear fovoire
ment as evidenced by three or more of the
followmg:

(a) Complete or partial recruitment on the
ABLB test (Fowder 1928)

(b) A scorc of 60-100% at 2000 Hz and
4000 Hz on the Short Increment Sen-
sitiaty Index (Jerger ct al. 1959)

(¢) No evidence of tonc decay at 2000 Hz
and 4 000 Hz (Carhart 1959)

() Type 11 Békésy (Jerger 1960)

() A negative Modified SIS at 2000 Hz
and 4 000 Hz (Thompson, 1963).

From the 12 persons selected for this groups
2 total of 70 ears satisficd the above eriteria
and were used In this study A summary of
the dlagnostie fests wed fn the sclection of
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Fx L Schematic of
P ippanats wed o mearre the

{8 mbjects with sensork-ncural Involvement 1
Fesented by Table I

Apperotiny
Athrmu:u:lhetqul-pmcmmcd!nlhc
mm*"“‘"iﬂm&l The Af tome was
Fnied by w Grason-Stadler (Model E£00)
Betéry andiometer fed through # mixer and
al maiching network, through the
hn:lnlACboothmddirccdywlah—
mﬂm""” earphone mounted fn & MX
by Cuthtion, The Af tone was generated
* Graeral Radlo (Model 1309-A) oseik
;‘;"{ou““db!lnumphfhﬂ)ynnmsm
m‘“‘-Dmn attenuator (Model T-693-R).
el was then fed to the mixing et
o troogh the wall of the TAC booth to
b o JDH® earpbone. A Grawn-Stad-
o 3l 162) speech audiomcter was used
*ntaln volos communication between the
g?:ﬂndtbecnmmu
e o Perimental calibrauon showed that
m':ﬂ;‘:‘khlmtmlcm@mltthaurphonu
Te than 6 dB below each of the Afs.
nd g of both the Béktsy andiomtter
Mh[’“m attenuator was checked and
Mut::ﬁmr The frequency of the A
g ¥t adjusted prior to and dorng
ey g an Eldorado (Model 1607) fre-
e (ag oot The ambrent nolse levels in
M'mremrdcduocumnnr

LASRARARIRRR RN R AW

>

ing from 62.5 to 8 GO0 Hz and found to con-
form to ANSI (1960 standards.

Procedure

Prior to the test sequence cach subject was
Instructed In the usual manner for Békésy
audiometry In additon, eack subject was di
rected to disregard the steady tone completely
and listen only for the rhythm of the pulsed
tone

Table L Diagmostic swemary of semsori-meural

tmpatred fistoners
Spench dis-
aimmanon
scares Fosine
————  amdiometric
Subect  Am Sex Rigint Left  Dmdmg
EA 7 4 % e bd
F M. <] 0w % ebd
EM 13 & 7 H e A
FV ™ o .bd
EB. 4 3 s 0 ecd
s.a 2 < H % scd
C.R. 2 < 7 & acd
WD 2 & % 9 akd
LW % & a 0 abd
3 e 76 wbd
AL 3 < #o& dc
whR & ¢ ® ecd
Short Senmtrvity Index,
&= Modificd Short Increment Scositrvty Inde
T DAac-yT
4 =Tooe L
[&d Loudmess Balance.

Acw Oeolerysg 75 »
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tion ks comldered the kel st which masking first
beghms (TOM),

The Af thresholds were then measured
utilinng the modifled Hughson-Westlake
technique as described by Carhart & Jerger
(1959) After the Af thresholds werc ob-
tained the subject was instructed to begin to
trace hus threshold for the Af tone using a
Bélés, ically jing aud

Tach subject was allowed to practice for a

, period of time to make sure he under
J the listening 1ask  After the threshold

| the A/ had been established (about 10-15
sweeps of the attenuator) the examiner intro-
duced the Af The Af was subsequently in-
creased to a point where & shift of at least
10 dB (SL) was noted 1n the threshold of the
M,. Once this shift was established the inten
uty of the Af was icreased in two 5 dB
Increments. This entire procedure was then
duplicated for each test run for the Af fre
quencies of 500 Hz, 1000 Hz, and 2000 Hz
with the Af ([requencles one octave above
cach A, Following a short rest period each
subject received a retest on all listening condi-
tions.

RESULTS

Thresholds were detcrmined by drawing a
tine through the midpoint of the last 10 pen

Acta Otolaryne 76

Table 11 Afean rhreshold of octare mashing
(TOM) ralues and standard deriatians for the
pormal and semsorf-newral impaired listeners

Frequency of the master
Qroap 500 1000 .00
Normal- Mean Lal b1 b
bearing s.D (65 “n an
Semori- Mean 16 n 16
nenral SD (&n e 00

excursions. The resulting threshold shifts for
a given Af conditon were plotted on a graph
as shown in Fig. 2. Uslng an ssumption of
masking linearity a stralght line was drawn
between the two extreme threshold valucs and
then extrapolated fo intercept with the ab-
scissa. The value at the point of intercepiion
became the TOM

The obtalned mean TOMs and standard
deviatlons for the normal and sensor-neural
{mpaired populations mre summarized in
Table II Predictably significant (005) dif
ferences were found between the two groups
at all M conditions. Standard deviations 0b-
tained at all three Af s Indicated conskderable
vanabllity in both groups, however the drs-
perston was much greater In the subjects with
cochlear jnvolvement.

An examination of some individual data
from the two groups illustrates the variabihly
seen in these subjects. Figures 3 and 4 repre-
sent the TOM values for three randomly 8¢
fected subjects within each group at all M
conditions. In the normal hearing subjects
(Fig. 3) the TOM values secem to vary by as
much as 15 dB In the abnormal hearing
geoup (Fig. 4) the TOM valucs at 500 Hz
range from 10-26 dB while at 1000 Hz and
2000 Hz the threshold v qu!
as large It is also
that a fcw of the normal
hibited TOM values of
sequently in some
for subjects with
proximated the 1
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Flg. 3 Threhold of octave masking valney for three
radomiy sclected normal hearing sobjects at afl A1

hearing sbjects. This finding, bowever was
found to occur in only a few instances.
Test-retest rellabihty in both groups was ex
amined umng the Peanson Product Moment
Corrclation (Garrett, 1958) The results of
this analyshs as well &5 Jevels of expectation
necessary for obtaining sgnificance (0.05) are
shown in Table ITL Significantly high correle-
tdons were found in both groops, indicating
excellent test-retest retability

The TOM values obtamed In this investiga
tion at 1000 Hz arc 1n closc agreement with
the data reported by Clack & Bess (1969).
The mean TOM values for their pormal and
abnormal hearing groups were 53 and 26 dB
while the mean TOMs in the present study
were 53 and 275 dB respectively Although
the Qlack & Bes (1969) date were not smb-
Jected 1o a formal test of reliability they ako
reported extremely close test-retest scores for
both groups. It needs to be pointed cat, how
ever that the range of TOMSs obtained In the
Clack & Bens (199) study for the normals
a3 well ay the abnormals did not show the
varlability obtained in the present study In
the normal-hearing listeners they reported a
ramge of 8 dB compared to 28 dB obtained
for this study This may be the result of the
smaller samples wied fn the Clack & Besy

(1969) investigation. Comparable differences
in variability were also seen among the coch-
lear impaired groups.

DISCUSSION

The results of this investigation have shown
that the TOM test will differentiate subjects
with cochlear involvement from normal hear
mg subjects at all three Af frequencies. In
addition, the test has demonstrated excellent
test retest relubility

The t 1 masking techni seems
to have certain clinical sdvantages over other
special tests currently used fn hearing clinkes.
For cxample, the TOM can be adminfsiered
fn cases with both anilateral and bilaternl
heanng losses. Further the test does not re-
quire i d or expensive muir nta-
tion and has been found to be quick and easy
to adminnster Finally the listening task is not
difficelt. Any person capable of performing
roatine  sweep-frequency  Békésy-type audio-
metry can be tested without practice.

In the Initial TOM Investigation Clack
Bess (1969) hypotheszed that
octave masking and harmonk
pear at the same Af lm
amine this hypothetis it
parc the aurz!
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Fig 4 Threshold of octave masking values for thres
randomly ed sensorineural impalred subjects at
all A condulom.

tained by previous investigators to the TOM
volues obtained in the present study Tabk
1V presents such a comparison using the har
monic measurements reported by three re-
searchers. It is apparent from this table that
the harmonkc thresholds and TOM values are
very similar in the normal group for all three
frequencies. Morcover the TOM values are
irly compatible with the harmonic thresh-
seen in the sensori-neural impalred ls-
teners  nlthough there s more varability
Thus, these data lend further support to the
contention that TOM values and aural har
monic levels, as measured by the exploring
tonc method yield essentially the same data.
Before this test can be used in a clinical
setting with any degree of confidence add:

Table Il Correlations obtained betn cen 1e3t and
retest conditions for the normal and sensort
wewral impaired listeners”

Frequency 1 Heriz

Group 500 1000 000
Normal-hearng A B 96 (49
Senmtori-neural (SN NN N4y

The toweyt correlaton cocfTxert whach w 1l idacate
signdcance at the 003 kel of confidence for the v
wied b the analytn appean in ().
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tional study is needed using larger samples
with a vanety of hearing disorders. In par
ticular data are needed in subjects with pare-
Iy conductive and VIII nerve letlons. The ¢f
fects of hearing Joss at the Af and M alo
warrant Investigation,

Finally there needs to be additional re-
search conducted on the number of mashed
data points required to obtain an accurate
TOM value A basic assumption of the TOM
Is that masking grows Linearly once an inita!
shift In the A occurs.

If the intenuty levels of the Af are not
sufficient to produce a linear function, then
the extrapolation procedure will caust an
underestimation of the TOM valur Hence it
scems Important to investigate how greater
Af intensity levels can affect the TOM.

In conclusion, this study further cxamined
the usefulness of the TOM test In differenth!
diagnosts. The results indicated that the test
was capable of diffcrentlating between pormal
hearing persons and subjects with cochlear Ie-
volvement. The test was found to be quil
end casy to administer The results of the
study were In agreement with the fnitial In-
\estigation by Clack & Bess (1969) and 2ho
with the harmonic thresholds reported by
previous investigators (Ophelm & Flsttorp.
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(1535) ncorl

TOA Velurt

Grimm & Norma! 448 33dB 56 dB
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(1973) nearu!
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PRESBYACUSIS

VI Masking of Speech

KR Jokinen
From the Department of Omdaryngology University of Ouln Owly Fixlamd

(Recehed April 9 1973)

Abstrect. The effect of age on discrimination of
masked speech was studied In white nobe at four
muking devek, the SN mtios belag +22, +12,
+2 and -3 dB. Discrimination of masked speech
fcll as & fuoction of age the (it significsnt differ
ences from normal belng obtakicd afier 40 years of
age ming §/N rmathas of +22 and +12 dB. The age
groups crer 50 years differed algnificantly from nor
mal at all levels of noise, The discrimination scores de
cressed cly when low S/N ratos were used
and with sdiancing ape No dgnilicant dilferences
=ppearcd betw cen the right and ket canx.

t has been well establshed clinfeally that

cech discrimination becomes affected with

dreasing mge (Gacth, 1948 Cawthorne
951 T Pabva, 1952 Pestalozzm & Shore
1955 Goetzinger ct al. 1961 Klotz & Ri-
bane 1962, Kénlg, 1969) This “phonemic re-
gression™ (Gaeth 1948) has been explained by
the diminished integrative capacity of the
aged (Calvl & Finzi 1957) In difficult hsten-
ing reduced matf of
specch becomes more evident

The masking effect of noise and other ex
trancous sounds depends upon their intensity
relative to the intensity of speech, upon their
acoustic spectrum and tempona! continuity
With a decrease in the speech to-nojse (S/N)
ratio, the Isteners capacity to distinguish
phonemic differences decreases and his ability
to interpret information becomes poorer Low
frequency nowse causcs more difficulthes than
high-frequency nowse but maxmmum masking

discr
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is produced when the noise spectrum mimkes
the spectrum of specch. Masking by Inter
rupled noise dots not equal that of coatinu
ous nolse until the rate of interruption &s
about 128 per sec at the frequencies sbove 500
Hz (T Palve, 1955). Hawkins & Stevens
(19%0) showed by masking speech with white
nolse at sensation levels from 10 to 90 dB
that speech thresholds were relatively lirtle af
fected by the lowest levels of masking nohe.
At higher levels of nolse (>20 dB) the thresh-
olds for speech were mised by approximately
10 dB for each 10 dB increment n nolse.
Curves for thresholds of Intelligibllity and de-
tectability were approximately paralicl

Simonton & Hedgecock (1953) studied the
effect of nofse on speech hearing of normal
and bard-of heanng jodhiduals using & mix
ture of white nolse and of 60 and 112 Hz pure
tones with 985 dB overall Intensity In a free
field. Insicad of a fixed level the patfent wis
allowed to choose the speech level he felt was
most comfortable In normal ears, using SN
ratlos from +3.5 to +9.5 dB the discrimr
nation scores were 78-88% compared with
98-100% in qulet In two presbyacalle s
{65 and 58 years old) the discnmination scores
were 58-30% and 66-76% respecthely Re-
sults In cases with conduction defaess Bere
similar to those in normals.

T Palya (1955 measured speech ducrimb



nioa in a 95 dB overall contimuous white
wxe employing a S/N ratio of +10 dB Six
mbpects with pure presbyacusts all showed
Ipwered articulation scores. The range in quict
 47-95% a3 compared with 27-90% in
e, It was suggested that measurement of
weech discommination m nolse might be use-
falbn the diagnosis of perceptive deafness.

In the present investigation different mask
hzk\tkr:rumdtoﬂudylhcchmmln
seeh docommination m different age groups
using young persons as controls.

MATERIAL AND METHODS

T study comprised 120 test subjects, &2
2ad 58 men ranging in age from 20
2 87 years. A group of 20 healthy peogple,
21029 years of age (mean 22 years) formed
the main reference group. All other age
#roups by decades, up to over 70 years, each
150 included 20 subjects. Mean ages m these
Foups were 35 44 53 66 and 78 years, rc
ectively
The subjects were frec from ear diseass
otber than presbyecuns and there was no his-
tory of polse exposure. The routme clincal
olo-neurologrcal examination was negative In
ch case. The pure tone thresholds were
Deasured wsing the manual technique and the
metbod of Timits, from 250 to 8000 Hz (Mad-
s1 Model OB 60 audiometer).
Speech andiometry was carried oat with tho
Model SU 20 speech mut by the
method of T Palva (1952) measuring speech
| Teception thresholds (SRT) and discrimina
ton scores, the latter at ¢ Jevel 30 dB above
the SRT Using this smme level, speech dls-
crimination scores were then determined in
white nofse the S/N ratos befog +22, +12,
+2and —3 dB Tho octave sound pressarc
levels of wiute noise, using filters with a cut
l off rate of 40 dB per octave are secn In Table
L Fifteen test words from different lsts were
delivered 10 cach car at each level
The statistical anatyses were performed in
. the Computer Centre of the University of
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Table I The SPL per octare of 65 ocer all lecel
nhite moise relative 10 0.0002 dynefent

Centre
freqoency 125 250 500 1000 2000 4000 8000

dB J7 4 45 4 53 s

Oulu The Students r-test was wmed to de
termine the significance kevels.

RESULTS

The speech audiometric data are seen in
Table I The mean pure tone thresholds at
frequencies 500, 1 000 and 2 000 Hz were well
in agreement with the speech reception
thresholds in all age groaps. The first signific
ant (p<005) alteration In specch reception
thresholds due to presbyacusis appeared in the
age group 40-49 yoars end each snbsequent
age group differed very sgnificantly (p<
0.001) from the youngest. There was no sig-
nificant differcnce between the right and left
car In any age group.

Speech discrimination without masking n
the two oldest age groups wms significantly
(p<0.001) poorer than in the youngest group
However discrimination abllity was quite

Table 1L The speeck reception thresholds ovd dis
crimination scores in different age growps

SRT Dherimication

Ap —_—
gowp Earr 4B &D . 5D
02 57 49 %o
m 42 278 29
05 Ryt 12 54 sm0 16
v 7 i3 97a 2
4049 gj kN ] 6.8 40
98 sS4 972 34
20-%9 Hﬂ 160° 10.4 965 44
150 76 953 39
@6 t 28 128 520 &7
t 243 1.0 916 94
=™ Ryt 3ot 1S es0 92
n2 1l sl 12

Dllerences bave been cakuhted relathvo to
" group.
Sgndicance levehs,  p <0104,
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Fig. I Dhcrimination of mesked speech In various
age groups, with the 5N ratlos a3 parameter

high even in the oldest group only 12%
poorer than in the youngest age group There
was no sgnificant difference between the
night and left ear In any one of the age

Froups.

The speech discrimination scores mt duffer-
ent levels of nose are shown In Fig. 1 and
Table III A gradual loss of discrimination
appeared with increasing age The first signift
cant (p<(0.05) difference was noticed between
the first and third mge group at §/N ratios
of +22 and +12 dB Starting from the group
50-5% years, all successive age groups differed
significanily from the youngest at all fevels

 norse. In the oldest age group the aversge

ch score was 11% poorer than in the

youngesl age group when the S/N matlo was
+22 dB Correspondingly {t was 24% 3%
and 9% poorer when the S/N raution were
+12, +2 3nd ~3 dB. In all age groups, e
cept in the two youngest groups at low mask
ing levels, there was » wide variation of indr
vidual discrimination results. No significant
night and left ear differences appeared fn any
one of the age groups.

Comparson between the speech dbenml-
natjon scores §n all epe groups without pone
and the test using S/N ratio +22 dB showrd
& satistically significant (p<0.01) difference
only for tbe group 20-29 yearr From the
S/N nado +12 dB down to ~3 dB the dis-
crimination scores were very sigmficanty
(p<0001) poorer in all sge groups as com-
pared with the duscrimination scores without
roasking.

The discrimination scores obtained at dif
ferent masking fevels in each sge group ex
cept the groups 4049 and 6069 years umeg
S/N ratios +2 and -3 dB differed signife
cantly (p <0.01) from one another

DISCUSSION

In the present matenal balanced fo Inclode
also younger age groups, the results obtamed

Table 111 Discrimination scores in speech oudiometry at different notse levels

Disertmimation, S/N ratio (dB)

n +12 +2
Age
groop Ear sD D - 8D
229 Right 96 & ™7 irs M4 i)
Lelt n9 a4 02 1ne 34 M
-9 Right 9LE L] 7z 38 3to 4
Lelt 90.6 18 750 80 to n4
-6 Rugit "3 172 &7 24 263 “wt
Left ns 11 616 mns 4 3
0-9 Rught no 14 ;2] 38 170 114
L1 He 154 )6 g_: ‘ﬂj '7'2
@63 e 0. 656
mﬁ ne 163 bt gs ::.; ’}
4 £ 352 I
O ™ :ﬁﬁ ™7 137 2 w7 T4 t
rerences btve oo akutated relative 1o the younpest age group.
% k-dx J23:1:. pcoot p<o00l
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I presbyacusls by pure tone and non-distorted
gezch avdrometry were similar to those re
ported earlter (T Palva, 1952 P J &

Presbyacusls, VI 429

Monales-Garcia & Poale noticed sigmficantly
lower than normal masked specch scores. A

Shoce 1955 Goetzinger et al. 1961 A. Palwn
& Jokinen, 1970) The speech reception
thresholds became significantly poorer than
cormal m the same age range, the fifth de
ﬂdc,luwﬁlch!hmwldhﬂncthwcﬂngof
pure tone thresh due to presby
lhanmﬁﬂ—ZCme(A_Plln&Joﬁnm
1970). Lowered discrrmination scores were
{ound ounly In the groups over 60 yzars of age.

Comparison of speech discrimination with-
out and with masking showed that when the
S/N ratlo was reduced to +12 dB the pres-
ence of nomo caused a significant redection
of artlculation scores. This of course in-
creased to large differences from normal
when using smaller S/N ratios.

In noke, a significant lowering In disermi-
nation from pormal (youngest age group) o
curred from the age groups 4049 years on-
wards using the S/N ratios +22 and +12 dB
Wih S/N ratlos +3 and —2 a sgnificant
reduction from pormal was mot cvident until
from the age of 50 upward.

The present discrimination scores are not
quitc comparable to these reported by Stmon-
ton & Hedgecock (1953) since themr noke was
not thermal but had & peak at 112 Hz This
apparcntly was tho reason why their figures
at SN ratios +3.5 were atlll around 80%
while the present scores at S/N matlo +2 were
wround 25% The results obtained by T Palva
(1955) 1 his 6 subjects exceeding 60 years of
age were In the same mange as reported here.

Quite recently Morales-Garcla & Poole
(1972) carned out speech tests in white nolse
uS/N b +10, +5 0 and —35 upon por
mal subjects and patients with a varlety of
ftracrannl lesions In the normals the aver
e dhcrimfnation values were 79%  67%
4% and 20% respectively Thess figures
gtee reasonably well with the present norma
tve data, which were 79% 36% and 15% at
SIN raties +12, +2 and —3 In patlents,
' wHh braln stem and temporal lobo leslons

similar ph was poted In this stody
In presbyacusls. It is apparent that the central
auditory pathways of old people are subject
to changes that aro responsble for the 1m-
paired discrimination even though localiration
of the alterations to different levels of the
central auditory pathways or to the auditory
cortex cannot be established by this test.

In the flitered speech test, discrimination
dropped earlier a3 & functlen of age than us-
Ing the present test. A Patva & Jokimen
found, using both the monaural and Matx
ker s binaural test, that the speech scores al-
ready began to fall In the fourth decade and
that there was asymmetry In the age groups
over 60 ycars. The latter was attributed to
the effect of cerebral dominance becoming
evident during the degencration of the central
anditory pathways. The present test demon-
strated no significant right and left differences
at any masking level, which Is I agreement
with findings of Morales-Garcia & Poole in pa-
tients with unilateral right or kft temporal
Jobe lesfons. It ks ponxible that this difference
between the masking test and filtered speech
test may be duc to the greater semsitivity of
the latter becapse filtration selectively re-
moves some of the important formants. In
clinical use the masked speech test is not moch
sdmpler however and therefore further work
on different patient groups scems indicated
1o reveal its value as & part of the dhagnastic
test battery

2ZUSAMMENFASSUNG

Die dar Dy
Ger marklerten Sprache worde Im wetmen Lirme mit
viar Sprach-Limn-Proportionen +22, +12, +2 wad
—3 dB umtersuchl, Des Verstindlchkelt der madier
fen Sprache wurde mit imehmendem Alker schiechter
Im Ahter von {iber 40 Jahren worde cioe bedeuturme
Herabeetzung der Dhkriminstion fm Verghekeh v
Ahsrsgrappe von 20-29 Jahrvn mit Speach-Linm-Pro-
pau-mm +22 wed +12 dB festgestet. Die m
Sprlchm.- un Alter voo Ober S0 Ja
allon Socach-Lirm-Proportiooen warse o
niedl'ﬂ’unh dis der Jiugersn. Di¢ Dh
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worde mit zunchmenden Aher und nkedrigen Sprach-
Lirm- schiechter Die Ver
gheiche der Werte der linken und rechten Ohren bews
Leloe signlfikante DifTerenz erhennén,
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THE HISTOLOGICAL EFFECT OF AN ADHESIVE
IN THE MIDDLE EAR

S. Vesterhauge and H Sgrensen
From the University Ear Clinic Copewkayen City Hosmtal Copenhapen Devomerk
(Recehved Apedl 17 1973)

Adatract. Semall amomnts of the adbesive Histoscryl®
3o placed in the muddle ear of thirteen guines pip.

7 xre rewpontble for the prolonged actlon.
Owr which arv b sccord with previons
®ports om the of scheilves, sy

The need for mtareless repairs of body thssues
M recognized as early as 1791 by John Hun-
kr who wrote, “The passage of the necdle
ed Hpature must atways produco suppuration
trongh the whole passage. The we of a stick
h!Pl-lnerwvmldbemcregmm'-lin!uap-
Matlon.” However it was not until the fint
Euid plastic adhenves were developed in the
1960z that surgical repar of varkous tisues of
2::0\*! without the uso of suturcs was pos-

A large number of papers on experimental
d clinical apptication of varlous adhestves
kave been published In recent years. The need
for non-suture repair has been especially ur
01 in vascular surgery such as smalkvesiel
taomoses, ductal repair of the ureter and

bile duct, stump closure of the bronchus and
intestinal anastomases.

Also in ocular surgery have adhesives been
useful. Blomfield et al. (1963) found that
methyl 2cyanoacrylate could be safely em-
ployed, particularly subconjunctivally al-
though, as stressed by Ellls & Levine (1963)
certain precautions are called for mnee the
use of large maxy cause infl y
reactions.

Stodies of polymers as carcinogenkc sgents
n animals by Oppenhetmer et al (1955)
showed methylacryhate 1o be only half as car
chnogenxc a3 dlastic film, which has been
widely used in tympanoplasty A few studies
on the wse of adhesives in tympanoplastic sur
gery have been published, the finst one was by
Watton & Maguda (I965), who performed
myringoplasty on u total of 25 tympanic per
forations In cats. They concluded that a ra-
pudly polymerizing adhemive might be a useful
adjunct in myringoplasty

Using methyl-acrylate, Elbrond (1970) con-
ducted an experiment in reconstruction of the
oxseous chain on temporal bone prepanations.
He found the agent to be useful, however Io-
applicable m vivo becanse of fts toxleity as
demonstrated by Kerr & Smyth (1970). Other
workers however have used methyl-2-cyano-
acrylate in tympanoplastic surgery with good
clinical resalts and without signs of toxie
(de Sa, 1969) and after the

e
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a longer side chain such as in fso-butyl-cyano-
acrylate and butyl-organcacrylate the toxic
reaction In the tssue scems to be less pro-
nounced (Healey et al. 1965) Thee com-
pounds have been used in numerons tympano-
plastics, and so far no clinkal damage has
been reported (Surjan & Bodi, 1971 Gerlach,
1971 Decher 1971 Sprensen 1971 Schnie-
der 1972)

In 1959 Sataloff reported favoursble results
from ossiculoplasty with ostamer which s a
polyurethanc foam.

Closures of liquor fistulas to the nose and
cars have been performed too by the use of
adhesives (Pfalz, 1969).

It has been emphasized that acrylate should
not be applied on the promontory or in the
reglon of the round and oval windows, and
that the adheslve is most effective and least
toxic when used in small amounts and thin
layers, whereas application in thick layers re
sults In tissue damage and bondage failures.

Histological studies of tissue reactions
elicited by adhesives
The histological reactions to the compounds
that are applicable as adhesives have been
adied in cell cultures (fbrocytes and leuco-
tes) (Hulliger 1962) as also in vanous tis-
In animal experiments (Reynokls et al
1966). Methyl acrylic acid has no inhfbitory
effect on cell cultures however in the liquid
form [t hat showed a cell toxic effect that is
thought to be attributable to the content of
free monomers. On the other hand no mox
rous effects seem attributable to the evolution
of heat when small amounts of the adhesive
have been used. Intramuscular implantation
of butyl2-cyanoacrylate in guinca pigs caused
definite proliferation of the surrounding con-
nective thsue after 7 days (Saeger ct al. 1972)
Proliferation went on until the 65th day
Giant cells were seen which contained up to
20 nuclel, and leucocyte jnfiltration with nu-
merous could be d ated in
the tissue by means of nile blue and ORO-
stafning up to the 95th day The efimination

frnanhll
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rate has also been amessed by Implantation
of radiactive methyl-acrylate, By this method
Reynolds et al (1966) found that wnylate ;o
skin inclst had peactically disappeared
from the wound after 16 days. All radwogc
tivity had ceased after 64 dayy,

This rather severe tissue reaction is fch 1o
be responsible for the permanent bonding ac
tion

Tabb (1968) applied Isobutyl-2cyanoacnyt
ate monomer on the ossicles within the tym-
panum and on the adjaccat bone of four
guinea pigs and found no cvidence of trmwe
taxkcity or inflammation.

In a histologle study of cats herr & Smyth
(1971) however found pronrounced toxk re
sponse to butylscrylste. Not only were the
middle ear structures severely damaged, but
also the inner ear was affected, even though
only a small amount of adhesive had been
placed on the stapes footplate They felt that
the use of plastic adhesives should be avoiled,
because of the risk of damage to the middle
and inner ear

The purpose of the present study was 1o
evaluste by further histofogic studwes, the
tosic effect of butyl-acrylate when applid to
the middle ear of guinea pigs.

MATERIAL AND METHODS

Thirteen young healthy guinea pigs with 2
pasitive Preyer-reflex were used none bad
shown evidence of otith medla on oloOpy

Following anesthesia with pentymal 1p-
one drop of Histoacrylt was infectad uraler
operating microscope through the postenot
part of one car drum using & syringe and 3
fine needle. In 10 guinea pips the other €37
was Ieft untouched for control purpose 18
the remalning 3 animals puncture of the po*
teror part of the car drum was performad
with a fine necdle at a later time but Wb
out injection of adhesive.

Two animals were found dead 2 or 3 bostt
alter the anesthesta. One was found In oft*



Histologleal effect of edhesive in middle eer 433

7

T

jﬂ
> I
\) L e
SO\ el
& PRt
« Y
- . A
-
e

Fit L Inmediaty effect of hhtoacryl. The adhesl ¢
§ duiribuind over the omseous surface; the mucous

Uhotonus 11/, weeks pastoperatively and was
Uer Lilled. Another was found dead after
41 weeks following poor gencral condition

mambrane snd the periostenm belng partially de
droyed. 30

In the 2 animals that died 11/, and 41/,
weeks postoperathvely  the h re
vealed a severe thsue reaction with nfiltra
tlon of granulocytes and pus in the middle

*2d dirthen for about 1 week. The remaind
Pma pin showed no evidence of poor
dealth. They were sacnficed at intervals from
1b19vcck;'1‘h:umponlbonulmre
DoTed, fixed in Lillie s flubd, wing 2% gluta
Alchyde, then decalarfied m & 5-10% EDTA
When X-rays showed complete de
akification, the specumens were embedded in
Paflin wex, secnoned and stained with
McTutoxyimcotin and PAS.

RESULTS

Tho immedto effect of histoacryl could be
@®ned m 2 animab that did dunng an-
¢thesia a few bours after the material had
been placed in their middle ears.

; Exmination showed alterations in the
Periosicum, which m the reglon of the pro-
Eonlory was partially destroyed, irregular
“ith festoondike formations. At this stage no
! edll fnfittration was present In the tinae and
there was no pus in the maddie ear

ear

In 3 animals killed after 7 7 and 8 weeks
respectively there were small destructrons of
the bone adjecent to the promontory where
histoecryl was seen embedded In granulation
tissue and smurounded by gihant cells. Also
the bandle of the hammer had been partially
destroyed. There were early reparative pro-
cessies with newly formed connective thsue
and adherence between the ear drum and the
promontory Only in onc animal was a Little
pus found in the middle car

After 11 12 and 13 weeks (3 animals) de-
finite reparative procesies were present, in-
cluding commective thsue formation over the
promontory superficial osseous destruction of
the tympanic capsule and the handle of the
hammer but no pux In I animal the middle
car was normal, with no hrstoscryl left.

The 2 animals that survived the lo
and 19 weeks) had superficial =
the tympanic capsule over the”



434 S. Vexerhouge and H Sgrensen

Fig 2 Widerpresad ouweows destruction of the peo-
montory Bone thiuo has been replaced by comnective

where histoacryl was found embedded in the
granulation tissue and plant cells Not cven
in those animsls was there sny pus in the
mhddle ear

In none of the animals were histologic al

atfons observed in the inner ear The spiral
{gament and the organ of Corti showed no
cvidence of pathologic change Destructions
in the reglon of the windows were not ob-
senved

DISCUSSION

The application of histcacryl in the middle
ear caused, as an immediate reaction super
ficial lesons to the mucous membrone and
the periosteum as could be observed in the
2 ammals dying during anesthesia (Fig 1)
The lestons may be caused by severe dehydrm
tlon during the polymerization of histoacryl,
whereas buns due to heat developing in the
course of that process could be excluded. We
measured the temperature in one drop of
histoacry! during polymeriration and found
no changes exceeding 1 C

Acta Otlaryne 76

tiwue keaving only a thin omeous rim. 4 / werkt
after application. x 73

Oceasional Infl v oltcrations wih
infiltration of granulocytes fn the tissue and
puraleat secretion In the  dJle car dog
oped. This reaction may b
primary ksion, or {t m.
tion of histoacry] the |
ever being less likely o
subsided after 7 to 8 w
histoscryl was still pre
terlal inflammation ¢
procedure seems unl
three control perfo
with otitls.

As the inflamma
processes w(th new
thsue occur and
ably contribute to
materfal, arc prese
and fibrous adh
drum and the midd

Even after 19
in the middle car
(o progress essent
ample in skin Inc
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Fg 3 Partial omcous destroction. The histoscryl b
surrounded by pewlyfarmed coonecthe thwe, indi

terial has dmappeared after 16 days, whereas
it may be found 1n musculer tissue up to the
95th day (Sacger et al. 1972)

Bone nccrosis, which occurs at the site of
the primary leslon In the penosteum, scems
to reach 1ts maximum within 10 to 12 weeks,
whereafter proliferation of connectrve tissme
in the defective bone Is apparent. This i most
pronounced in the specimens that contam
comsiderable amounts of histcacryl, and in
onc case (Fig. 2) the destruction involves the
entire thickness of the labyrinthic capsule.
Even in this casc, however no histologic
changes arc deteciabie in the cochlea

In accord with previous experiments we
find the damage to be most extensive where
Ristoacryl hes been applied in large amounts,
whereas only a moderate reaction and negli-
ghle necrosts is observed where mmall amounts
bave been used.

cating reparativo procemex. 7 to § wecks after applica-
ton. 475

Our experiments do not allow of evalmaton
of the bondage action however the adheren-
ces found between drum, hammer and the
promontory support the axsumption that the
tissue  reacton  contributes to permanment
bonding (Saeger ct al 1972). Such an effect
¢an only be achieved If the material Is re-
sorbed slowly enough to allow the formation
of connective tissue before the adhemve has
drsappeared. The inflammatory reaction must
be moderate enough to ensure that destruc
tions and necroses do not prevail before the
onset of the organization of granulation tisswe.

The ideal adhesive must possess the follow
ing qualities

1) great Immediate strekiness,

2) slow absorption,

3) an ability to produce a hmited -
malory reaction followed by prc =
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Fig 4 Glant celb in granulation tksue close fo the
adheshe w633

connective tlssue  but without pronounced
wis and secondary infection

’n no absorptive foxicity

/

The lestons and subsequent reactions el
ated by small amounts of histoacryl spplied
n thin layers do not, in our opinfon, justify
the concluston that plastic adhesives should
be abandoned. In the clinical use {n tympano-
plasties complications that could be attributed
to histoacryl have in lact never been re
potted 1n the lterature

Because of its toxic clffect we do however
recommend that histoacry! be applicd only in
smafl amounts and in thin layers, and applica
tlop near the window should be avoded,

ZUSAMMENTASSUNG

Reme Mengen einey Gewnebelleben (HidoaaylT)
wurden in den Mittclohren von drevrh Meer
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schweinchen appluiert. Nach ynel Stondco brs Bn
um peunrehn Wochen wurden die Ticre gprictet Do
Schlafenbeine wirden flichtmikrodopch oajersacht
Im Anfangwisdim wurde eine teflsche Zenton=g
der Schieimhaut und dey Perlosts von Promeatons=
pefunden. Nach weben by acht Wochen surden er

sicdergefunden. Sogar noch peunseha Wochm wxh
der Appikation wurde der hkctnioll Im Minckhe

icsen  Lkhtmilrodopich wurde Meme {1:,

bcung foneren Otwes entdeckt for due

iwmdtd:lcbd;lth sind ohne Zwerfel die Wacder
safbaypraresc mh jhrer Neublllung  on Dodepese
ben veranmortlich. Umer \crvoch bedeutet, &2 &
Obcrelmstimmung mit fruherer Al nhuber
Untersochungen Histoaenl in der O+ Luboplndid o
gosandt werden kann, senn © put in Lkdnes Mersm
und bn dunnen Schichten appluiert nird
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THE OTOLITH ORGANS AND THE NY STAGMUS PROBLEM

E. Fluur and J Siegborn

From the Depariment of Otoleryngology Kerolinda Sjukhuser omd the Deporiment of
Anatomy Aerolimike Inmtituter Stockholm Sweden

(Recelved February 23 1973)

dbirect The material comisied of 35 cals which
were divided into tho yroups. In ane group a sckecthe
bilateral sexiboning of the harirontal ampullar nerves
was performed. Nystagmarns did not occur In these ank-
rmak. Tilling In cither direction never provoked mys-
tagmut. In the other group unilateral sclecthe sec
tloning of the utricular nenve was performed. In all
the anlmals & horirontal spontaneous nystagmus de
seloped directed to the nonoperated car Tilting to-
ward the operated ear increased the nystagrous fre-
quency whereas thing [n the opposite direction -
hitued mystapmut. It wan conclmded that the utricle
In Hself never ghes rhe to mstagmus, but unllateral
damage may readily Induce a mystagmus that can be

dulated by n the lofl of (be -
forces. Thi b owing to the intomale collaboration be
tween the utricles and the semicireular canals,

?-ht question whether the otolith organs can
nduce nystagmus has long been discussed on
the basis of both clinical and experimental
fnvestigavons. This is an important problem
especially as it is inumately related to the
problem of the so-called positional nystagmus.
As carly as 1921 Birdny (1921) assumed that
potitional nystagmus might result from dam-
age to the otolith organs. Nyken (1950) con-
sidered that positional mystagmus was the re
sult of deficlent interplay between the otolith
organsy and the semicircular canals. Caw
thorne & Hallpike (1957) found pa hologic
changes In the utricular macula in a patent
who had earlier suffcred from positionai nys-
tagmus.

Seacral authors have made amimal evpers
ments in order to study thi problem \ax
well (1923) found that mechansal pressure

Acia Otolary ¢ 76

on the otolith organs did not cause amy m»
tagmus. Nor could Versteegh (19°7) Ulnch
(1935) and Szentagothal {1952) elicit mystagmm
when using the same technique. Ventcegh
(1927) Sullivan et al, (1957) Janele (1968}
and Janeke et al. (1970) were unable to shos
any nystagmus after sectioning the utn<uh
nerve Graybiel et al (1952) and BerpteX
(1961) failed to elicit nystagmus on apphy=g
linear acceleration.

On the other hand Fernandez et al (199
succeeded in producing nystagmus by sectien-
ing the utrfeular nerve In the cat. Owada ot
al (1960) clicited nystagmus by mechanical
pressure on the utncle of rabbits. By mrh
ing linear acceleration McCabe (I1%63) w3
able to induce nystagmus in both animalt ard
man. Niven et al (1966) clhcited mystagmet
in man by uslng lincar acceleration.

Thus, opinions have hitherto differed o
though many authors are aware that (&TE
must be some kind of Interplay betweeft the
semicircular canals and the ofolth ofpa=t
Caston (1968) also found that postrolatet?
nystagmus diminished in the frog sfter ¢
tloning the utricular nerves. Jonghees & FEF
lipszoon (1964) have shown on unilabyrmtb-
cctomized cats that tilting inhibits Bysafmet
Quite recently Flaur & Stegborn (1979 bt
demonstrated in a number of upmmtﬂ":"
smmals that there 15 a very Intimate €7
boration betmeen the utncle and the %7
circular canals.,
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of tho keft utrkcolar nerve fal-
lowed by titing. Upper curve shows elsctronystagmo-

Flg. 1 Cousccnthe curves from a cat after selecthe
undlateral sectioniog

Fluor & Melstrdm (1971) have shown that
electrical stimulation of the lateral part of the
utricular sorface can in certaln cases eliclt
oystagmus in an fpsilateral dorection. These
findings bave stimulated us to study this ques-
tion more closely in order to try to throw
some light on the problem of pontional mys-
tagmus.

MATERIAL AND METHODS

Thirty-five adult cats were used for the ex

periments, which were divided into two

groaps.
1 Bilateral sclective sectioning of the heri-
zontal ampullar nerves, followed by tilting
around the cat’s longitudinal axis (5 cats).
2 Unflabyrinihdne selective sectioning of
the utricular nerve followed by tilting
around the animals longltudmal axis (30
cats).

A vertical meldon, 3 cm long, was made
immediately anterior to the external car The
artilaginoas cxternal meatus was dissected
fres and cut close to the temporal bone,
whereafter It was attached to the side by a
self-retracting forceps. The middle ear was ex
plored, and the malicus, incus and the teasor
tympank muscke WEro removed The facial
canal was opened, and part of the nerve re
sected. At the bottom of the camal two small
blue spots were visible which marked the am-
pullee of the borirontal and the anterlor ver

\l@‘/\.\wﬁw\&

1

J
I v A ‘ﬁ'\,
iy

graphy and Jomsr curve the titing of the table. Tilt
Ing to the right upwards, to the eft downwards.

tical canals. Medial to these, a fenestration
was performed which was large enough for
the voualmation of the nerves from the two
ampallae and the atricles. The horizontal am
pullar nerves or the merve from the wimcle
were cut as far away as postible from the
other nerves. Great care must be taken not
to damage the membranous labyrnnth Under
the microscope, however it was not so diffi-
cult, since It was possible to sce all the other
structures and ther borders, and afterwards
to check by visual inspection.

The eye movements were recorded partly
by direct visual ocnlar inspection of the cats
eyes, and partly by traditional electronystag-
mography with ncedle ekectrodes in the lat
eral canthi bilaterally and with the ground
electrode in the skin of the neck.

Stimulation was mduced by titing the anl-
mals 60 degrees around their longitudinal axs
to cither dde,

RESULTS

After bilateral sectioning of the horizoatal
ampuallar perves, none of the cats had sny
nystagmus at all when wakened to a level of
superficial anesthesia. Tilting in cither direc
tion cansed a slight eyc deviation in the direc
tion of tilting In ouly 2 cats, but no
nystagmus occurred in any of the

Aficr upilateral sectioning . 7
nerve all the animals had /
mus away from the ‘
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frequency from 5 to 20 beats per 10 sec. Tilt
ing toward the non-operated ear resulted in a
total inhibitlon of mystagmus in 15 cats. In 6
cats an initlal Increass In frequency from 5
to 18 baats per 10 sec, was subsequently fol
lowed by total inhibion In 9 cats there was
only a decreased frequency but no total in
hibition If instead, the animals were tilted
toward the operated ear 19 cats showed a
clear Increase In mystagmus freouency with
2-12 beats per 10 sec (Fig 1) In 'l cats no

appreciable alteration {n mystagm  vas ob-
senved,
DISCUSSION

In the introduction it was mentione  that one
group of investigators induced n ymus by
subjecting the otolith organs tod +  nt Linds
of stimuly, whereas another . aho used
approximately the same tew aled to
provoke any nystagmus at o ! ent In-
vestigation has shown that groups
can be partly right For the puation has
demonstrated that, i expar 1t | animals
without horuzontal semiur o it anal, no
honizontal mystagmus can be indu J by tilt
ing which stimulates, or inhibit 1 sensory
cells In the area of the utncular  irtace that

as provoked Forizontal eye m v m nis. For
ystagmus can only be induced [ im the semi-
reular canals, and if these arc i hing, 1m
pulses no longer occur tn the reflex arc which
can be modulated by the utricle

On the other hand. selevtne uniateral
utnicular damage can veny readily cause both
spontancous and positional nystagmus. Thix
1 not because the utricles. 1n themselhes, can
indace nystagmus but becaine all the ®nsory
organs in the sestibular appamtus are differ
ential organs (Fluur & Mellstrom 1971) and
morcoser the otolith organs and the semi-
circular canals interact very inuimately (Fluur
& Sicgbarn, 1973) In other words, the ves.
tibular apparatus is a very complex computer
in which the slightest difference 1n activity
in one of its sensory organsy immediately -
fuences the acthvity of the other organs, and

Acts Otolanne 6
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Fig * Schematkc picture of utricks and Fororal
semicircular canah In restiog poshion. Arovs it
ockentation of halr celbs, Le. the directa i xb
they Incresse thelr dcharge {requency

sccondarily also the activity of the clfeci
organs——in this case the oculomotor syem—
will be modulated

Referning to earlier neurophysiolopeal et
penments coneerning utricular stimolates as!
oculomotor reactions (Flaur & Melwrfn
1971) we shall try by using a few pcturec 3
explain what happens dunng the tiluzg of the
animals. At rest there Is a balance of 2.
tivity both between the two utricles e
selves and between the two horzoan! s=-
circular canals themselves. Fartbermore &2

0

ol
Fie 3 Schematic piciore of strides 3 BT
semlcircular camals by
scctioning of left wtricol
same oy n Fig. o Number of arroe
charge frequency
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L
flg 4 Schematic picture of utricks and horlrontsl
semicirculsr canals afier sekciivo sactionry of left
tricular perve, followed by titing to the keft. Arrow
lodications a3 In Fig. 2. Number of arrows symbolrs
dlacharge frequency

activities between the utnicles and the semlb-
¢ircular canals are balanced (Fig. 2). Section-
ng the utricular nerve on one gide Immedi
ately disturbs this balance. The utricle nor
mally facilitates the stow phase of nystagmus
from the ipsilsteral borizontal semicircular

0

J.Scbc:mc-:mmd:lndﬂlpdhamll
::nd.rmluamhdmulxﬂn-amhld\:ﬁ
riculsr serve, [olioaed by tlting to the right. Arrow
ndicatons a1 ko Fis. 2. Nmaboe of arross grmbolizes
duchargs frequency

canal (Fluur & Stegborn, 1973). By sectioning
the nerve this positive tuggering becomes in-
operative. Because of the differentm] reaction
(Fluur & Mellstrdm, 1971) the sctinty of the
contra-lateral atricke and of the borizontal
semicircular canal now predominates, and this
Cruses spaniancoas nystagmus toward the nos-
operated ear (Fig. 3) This nystagmus can now
be modulated by tilting. If the animal is titted
taward the operated ear (Flg. 4) the activity
in the normal utricle fotennfles, which in s
turn facilitates the slow phase, ehcited from
the ipdiateral horzontal semicircular canal
and simultaneously Inhibits the activity from
the horirontal semicircular canal of the ope

rated car (Fluur & Slegborn, 1973). This causes
the nystagmus frequency to incresss, just as
the cxperiments have shown.

If instead, the snimaly arc tilted toward
the non-operated car (Fig. 5) the activity of
the normal utricle slackens and no longer fa-
cilitates the from the rpail 1
semicircular canal. Simultaneously the anta
gonistic oculomotor muscles are no longer in-
hibited and the nystagmus disappears

ZUSAMMENFASSUNG
Dus Material bextebt sme IS Katren, die kn el
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ON LINE ANALYSIS OF OPTORINETIC NYSTAGMUS BY SMALL
GENERAL PURPOSE DIGITAL COMPUTER

P Schilder P Paslk and T Pask

From the Department of Newrology Mount Steal School of Medrcine
the Clty University of hew Tork “ew Yorl NY_ USA

(Recehed March 3 1973)

Abstrect A program for s small general purpose
Sigita] computer was developed W0 szalyxe dlectro-
of & In monkeys It
standard

rogtize method for the clinieal and experi-

(poﬁﬂwﬂnfmnlnndn:pthelnthehck)
o!th:cyc;lob&Aslbecyvmomlhadlnﬂ-
butlon of electric potentfals in the sorround-
ing trssues changes accordingly It bas been
shown that the changes detected by clectrodes
plucdlnLhepaiorHullmnnnchﬁded
Lbecy:uepmponiomlzolho-moumur
displacement of the globe {(Lekuell, 1939).
This relatiomship 13 lincar up to 35 to cach
side of the midpositron and can be

'ﬁhﬂluewmd}nordunbylbcus:ord.c.

This work sas mded o part by USPRI. Orams
(MH-02261 and K3-EY 16865

ampliffers. The tume base of the recording ap-
paratus and the amplitude of the potential
provide a graphic representation of the sn-
gular pontion of the eye a3 a function of time.
It b relatively dmple thereafter to determine
the velocity of the eye movement as the first
derrvatne of eye postion.

A phenomenon that has been extensively
studied with this method is optokinetic nystag
mus (O.K.N), Le. the pattern of eye move
ments elicited by saccestive moving stimull
traversng the vimal field. The fully developed
respomse consists of relatively slow ocular de-
viatlons in the direction of the mowing stimuli
altermating with relatively fast eye movemnents
in the opposite direction. In the past, methods
have been developed to analyzs electrooculo-
grams of nystagmus by means of large scale
digltal compaters (Herberts et sl 1968 Hon-
rubla et al, 1971) or to provide only & nearly
continoous record of stow phase veloaty (Tole
& Young, 1971). The purpose of the present
communication h to describe & system for the
analyss of O kN requiring only standard re
cording equipment and & relatrvely inexpen
stve, small gencral purpose digital computer
Although our specific application has been
to explore the effect of stimulus parsmeters
and vanony bram lesions on the characteris-
tics of the optokinctic respomse in the M
key the method can be ulilized as
study of pormal and abnermal
in man.
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METHODS

Experimental set-up and equdpment
The ecxperimentsl subjects were 6 normal
monkeys (Macoca mulatta). The animal was
restrained in a “primate chair™ with the head
held In position via three machine screws
chronically implanted in the skull and fixed
to the chair through bolljoints (Bossom
1964) The stumulation equipment has been
previously described In detafl (Valcrukas,
1972 Vakiukas et al. in press) In short, &
106 % 106 cm rear projection screen was
mounted perpendicular to the monkey s pr
mary line of gaze st a distance of 25 cm from
the eyes. A specially constructed 35 mm film
strip projector was used to project $ luminous
vertical stripes, 2 cm in wdth, separated by
dark bands of 19 em This pattern was moved
from right to left or vice-versa over a wide
range of constant velocities by means of a
servomotor  coupled to the film transport
hanlsm. Such stimulation elicited O K.N
which as fs well known, showed & progressive
increase in the maximum stow phase velocity
for several seconds. Therefore it should be
emphasized that meaningful statsstics for slow
phase velocities could only be obtained from
> taken after the response had [ully

A sflversflver chloride recording clectrode
was chronically implanted at each latera}
canthus. These were connccted subcutane
ously to a plug anchored to the skull. Ampil-
fication of potentialt was obtained via a low
lIevel DC preamplifier (Grass 7Pl A) and a
driver amplifier (Grass 7DA B). An ink writ
ing polygraph (Grass mode! 7) produced a per
manent record of the activity Polantfes were
sefected so that cye movements to the right
or to the keft resulted in apward or downward
moving signals respectively One of the out
puts of the driver amphifier was modified via
an operational amplifier to match a [0-bit
analog to-diptal  comverter (Dimta) Equip-
ment Corp. PDP ADOS) which tn 1urn was
connected to a small genera! purpose dipital
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computer (PDP 8/1) with 4096, 12 bit words
and 15 psce cyele time The output devie
was a standard teletype (ASR 33) camable of
printing 10 characters per see.

Program theory
The principle of the method is Mestrated in
Fig. 1 in terms of an idealized nyvtagmic beat
consisting of a rapid cye mosement to the
right (up-going signal) of 45 msec duraon
followed by a slow cyc movement to the kit
(down-going signal) of 420 msec duratron. For
a well established O RN response there b
usually about a 10 1 ratio between the velo-
citles of fast and stow phases. The graph an
be conceived as a Carthesian system with the
abscissa as time (1) and the ordumate  voltage
which In turn is linearly related to eyc 1 W=
tion (p). If the values of p, and p; at times
£; and £ mre recorded the difference \p=
pa—py would be of poutive sign In thrs ex
ample of a movement toward the nght. Con-
versely for the eyc movement to the left \p=
Po—paat ¢y and 1y would be of negathe sim.

The computer technigue Is quite straight
forward. The analog signal, Le the actaal vok
tage of the electrooculogram, is fed nto th
analog to-digital converter (ADC) On com-
mand from the program, the ADC assigns 8
numerical value proportional to the soltap*
of the Incoming signal This value p, fs tem
porarily beld n the computer memory At @
fixed time Interval later (A) this process b
repeated and a sccond value p; fs obtamed
The difference between p; and p, ks calulsted
(3p) and stored. The computer procerds (o
collect a consecutive series of 3p values for
successive W faterval, The expression 1p'V
is the first derivative of the input signal, ie
its velocity Since Ar is constant \p iy directly
proportional to the veloaty A At value of
15 msce Is choten because it provsdes abwrl
5 \p determinations for a typical rapd O¢
morvement with sctual pumerical values bigh
enough to minimire the effect of electne pone
i the recording spparatus and the ADC.

A ip “drscnminator™ magaltude it selected
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stored. When Aps are below the “discrime
nator” level, an additional step i3 necessary
because the magmtude can be 1o low that the
signal may not be reliably distinguished from
the powse in the system. This difffculty 13 over
come by summating 6 consccutive such Ap
values which in effect is equivalent to an in-
crease of Ar to 90 msec (see Fig. 1) In order
to maintain a consistent time base for velocity
measurements, the Ap values of fest phases
wre moltipled by 6 pelor to print-oat (see
below).

Program operation

The program used to collect, store and ama-
hse the ORN elicited during 15 sec trials
consisty of an onlme™ and “off line™ por
Ummzhlﬂawdnnoflhc'muue“
Wnl'hkhnkuhmlmunlnufor
sccessve 15 msec intervals of the clectro-
oculogram. This number of differences ac
counts for 15 sec of OKN It determines, by
comparison with the Ap “discriminator™ Ievel

-0

(sec above) whether exch Ap Is part of a fast
or a slow phase, and by the sign of the
values, whether the eye movement ks to the
right or to the left. In this process, each Ap Is
coded accordingly The coding technique
takes advantage of the fact thet the computer
has & [2-bft memory word, whereas the ADC
is a 10 (0-9) bit device with bit 9 beng tho
least significant. By clearing this bit, the fast
octal number (biss 9 10 and 11) of the mem-
ory word Is left free, and can conseguently
be used to code the p. The numbers used for
this purpose are © for fast to right, 1 fast
to left, 2, slow to fght 3 slow to left. The
progam stores in a table (Fig. 3) the Ap
values coded a5 @ or | for above the "dis-
criminator” level. When a value is below thhk
kevel, the first Ap b temporarily held while
Apt are obtalned and to
the “duscrmminstor™ value. If 6 successive Aps
arc below thhs level, the difference between
the jast and first Ap valucs of that series i
stored in the table coded as 2 or 3 (Fig,
If Texs than six suecesdve Aps below *
criminator™ level occur qul?’
The significance of this source
cunsed belaw ‘
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program
The 1S sec tnterval b de
rived by counting 1000

15 ersec Inter
vk

At the end of the 15 sec period of collec
tion, the program shifts to the “off-line™ seg-
ment which analyses the table of differences by
means of the arithmetic routine (PDP Float
ing Point Package) and prints out the results
in decimal numbers. A subroutine is avall
able 1o type out the entire table of Aps in
octal numbers (Fig 3) only when there is 2

ed for it because it requires about 3 mi

dtes of prinung time The “off line™ analysls
proceeds as follows:

Fast phases 1o the right The progmam
searches the table for the first seres of num-
bers ending in ¢ summates them and stores
the result as the amplitude of that phase The
largest of these Ap values 1 the series s iden-
tified, multiphied by 6 to correct for the 6 1
ratio of the \s used for fast and stow phases,
and stored as the madmum velocity for that
phase The program then finds the sccond
sequence of numbers ending m O and repeats
the process, adding the maxumum wvelocity
and amplitude values of the second fast phase
1o thosc obtained for the first This procedure
continues until all of the series ending in ©
have been treated similarly for the entire
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table. Subsequently the sum of maximum
velocitles is divided by the number of such
values (N) and printed out as the mean mat
Imum velocity (MMV) of the fast phxes to
the right. The sum of the amplitudes b alo
divded by N to give the mean amplimde
(MA) For each of these mesn valoes, the
standard deviation (SD) 5 calculated and
printer As a final step N b provided as tbe
number of fast phases which is usmally equa!
to the nystagmle beats occurring in the 15 s¢
trial.

Fast phases to the left. The Hentreal pro-
cess described abore Is utihzed except that
it searches for the sequences of numbers ¢
inginl

Slow phates 1o the right This subrouuat
searches the table for all numbers ending i 2
obtalns thelr sum (TD) and divides it by the
number of such values The result b prnted
out as the mean velocity of the slow phas
(MV) to the right, along with the sandatd
deviation and the TD value which repeweelt
the totsl deviatlon of the eyes during th
slow phases in the 15 sec tral.

Slow phases 10 the left Thew valoet art
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etained by the same subroutine as above,
acept that table numbers ending In 3 ere
witred.

Seudaton anelysis
A triangular wave form generator was msed
© test the abllity of the program to obtain
ip vatues and to demonstrate the Linear rela
bonship between the slope of the input and
the magnitnde of the output. A 15 sec record
wut mads for each of 17 frequencles. The
computer output of mean maximum velocty
w1 obtained for seven values betweer. 30 and
153 Hr since these generated slopes ¢ &l to
o greater than a osual fast phase of C KN
The mean velocaty was obtained for 16 values
between 2.87 and 26 Hz since these produced
sopes equal to or dower than the usual sdow
phates. The graphic display of the results
demonstrated a strict linear relatonship be
tween freqoency (slope velocity) snd the out

Pt of the computer for both the above
(MMV) and below (MV) “discrimuna ¢ 'evel
sabroutines.

Sanple analysis

An erample of the electro-oculogam of a
15 sec trial together with the computer peint
clul!'el:r"n:lu'jl-‘i;_3.Tht:tcu;-c»rﬂrt:prlm
out represents in decimal numbers, the means
ad standard deviations of the O KN charac
teristicy analysed. The table ks in octal sum
l’“’lﬂdaimthemmlzipvﬂ\m'fhcuhl
starts during a sdow movement to the 1eft
which {4 indicated by a down-going signal in
the recording and by the first 5 values of the
table which end fn 3 (table 13 read from left to
tight). This b followed by a fast eye move
nent to the nght, mdicated by an upward

In the recording and by 4 comse-
Cutive numbers fn the table ending In @ (soid
wnderline). Thereafter there is an altermation
of teries endmg fn 3 (slow phases to the Left)
mdudumdm;lnoamph-mmm:ﬂ;m)

'U-hlfcw:u:ptbm-l-'urenmplc.!.h:reh
'dnglenumberlnmemur:ubumdmm

puter analysls of ” w7
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out. There are also 7 holated numbers ending
In 2 (dashed underhine) representing e¢ye
movements (o the right, which were below
the “ciscriminator™ level and therefore were
treated as slow eye movements. The first one
corresponds to a small ampintude ocular devia
tion which was probably a relatively “slow™
fast phase to the right (Ieft nnged arrow) The
second such instance might indicate a briel
interruption of a slow phase to the left by a
short reversion of the direction (right ninged
arrow) In any event, these are minimal sour
crs of error
Perhaps a more significant error derives
from the occasional dbcarding of terminal
scgments of slow phases with more than 1 but
less than 6 consecutive Aps below the “discrl-
minator level. In the present cxample each
number [n the table ending in © or 1 repre-
sents 15 msec of eye movement whereas each
ending In 2 or 3 are 90 msec. There are 53
values ending in © and 1 therefore 53x 15
msec=T795 msec which were spend in fast
movements, There are 149 values ending in
2and 3 therefore 149 x 90 msec =13 410 msec
which were spend in slow phases The total
time spent in both fast and slow phases ac
counted for by the computer was 14 205 msec,
Cﬁm:qucndy 795 msce (the difference with
15 sec doration of the 1rlal) were dis-
d. This repretents less than a2 6% loss
“information concerning the total of the
slow phases

DISCUSSION

The present system allows for the collection
and analysts of electro-oculographic data of
nystagmus {n a manner suftable for the fm-
mediate statstical treatment of the pheno-
menon provided that the samples are taken
after the response Is fully established. This
approach kads to the definition of an Ideal
beat of nystagmus representatine of the pop-
ulation with a mean and standard deviation
for each respontc characteristic  Although the
selection of the response elements was arbs

Acsa Oty ¢ 76

trorily made in the present study the off
Ime portion of the program can be readdy
enlarged to include other features derived
from the data already existing in the table
of first derbvatives, such ay mean duration
of the fast and slow phases and mean velocity
of the fast phase. It ix also possible that ac
celeration values of eye motian could be ob-
tained by constructing a second table based
thls time on diffcrences between conwecutne
Ap values (2nd derivative of eye position). In
addutlon, the various constants involved o the
program can be eally changed by altering 2
single address to adapt it to indhidoal dr
cumstances that may require a differcnt
sampling rate time intervaly, ratio between
slow and fast phase durations and “discrims
nator” level It should be noted that the prev
ent system does not provide absslote values
of OK.N amplitude and sclocitic. Thh
would require a calibration procedure that
utilized at least two eye movements of ather
known velocity or known amplitude to solre
the linear equation which represents the relr
tlonship between these response magairodes
and the computer output. Thrs can readily be
accomplished In man but requirer special
training techlques In experimental anbmal
(Wurtz, 1969).

The system deseribed Jn this commusicr
tion appears to be Keally suited to both re-
search and chnical applications on the bass
of fts small size and relathscly low cost. T
possibility of physical location withia the
phyrfologic laboratory allows the undertsbing
of experiments which invohe close-doop ype
of procedures such as thresholds determina
tlons, where the results of one frial are wed
to change the stimulus paramcters of a b
sequent trial (Valelokas, 1972) In the clmca!
setting the immediate avallability of rumerk
cal results would allow the rapid quanufics
tion of the data and therefore mould perm:
the evaluation of varous changes in the 10!
Ing situation such as the effects of Vanlg
the stimulus parameters or exploring th of
fects of drugs within the same sessfon.
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SERUM OSMOLALITY IN PATIENTS WITH MENIERE'S DISEASE

C. Angelborg 1 Klockhoff and J Stahle

From the Depariments of Orolaryngology and Audiolory
University Heipiral Upprale, Sweden

(Recehed March 30, 1973)

Absirect Hyperounolality In scrum was found fn
19 of 36 paticnts with MeaRres dicase. The caose
of the moderately elevated serum oemolality hay pot
yet been identified The serum sodium and
concentrations were within pormal Omits. The hyper
osmolallty may indicate that Menre's dhcase b a2
dlwarder afflicting the entire organhm, Hyperosmohl
hy ah Ing with lality w1 seen fn
several patients, & phenomenoa which may be In s
cordance s ith the peneral fluctuating character of the
dbcase The chnation of serum ownolality after the
peroral comumption of gheetio in patients whh
Menkire s dbcate wa studicd and related to the hear
feg low, and no cocrelation was found

Spontancous variations in  both hearing
(Lindsay 1949 1960 Mcurman & Grahne,
1956 Opheim & Flottorp 1957 Schulnecht
963 Goodman, 1965 Enander & Stahle,
) and calorkc response (Angelborg et sl

1) occur in patients with Menidre s disease.
cduction of the hearing loss, comparable with
may be p ptly
induced with glycenn to an extent that depends
on the phase of the disease (Klockholf & Lind-
blom, 1966 1967a) In practice glycerin ad-
ministered perorally in doses of 12 g ke body

ing type has been a common finding alter
glycerin administration in normal controls, as
well as in patlents with MenRres disease
(Statle ct al, 1970 Angelborg et al, 1971).
Glycerin {s a polyhydric aleohol which
ratses the osmolality of the blood serum. Thiy
hyperosmolality s thought to reduce the
Intralabyrinthine hydrops, resulting In im-
provement In hearing presumably due to re
duction of the hydrodynamic damping of t
recepior organ (hlockhoff & Lindblom, 1966
Angelborg et al  1971). Administraton of
glycerin changes the osmotic pressures of th
jnner-ear fluids, as has been shown in nats by
Bosher & Warren (1971) Some of our patxnls
report temporary mproement in heansg with
less distortion of sound after the ingestion of
ethyl alcohol, which bas been regarded as be
ing the most common cause of an elovated &
rum osmolality (Robinson & Locb 1971}
Under normal conditions, the serum omd-
Iality 18 primarily detcrmined by the coacer
tration of inorganic fons, principally sodiun
and and hyperosmolahity fs 8 ve1y

weight results in a rapid though fent Im
provement of hearing in roughly every second
test. The effect of glycerin on the vestibular
function Is more complex. The calore respome
mav be increased or reduced or may remain
unchanged, regardless of the effect on hearing
Posiional nystagmus of the directionchang
Thr study has been supported by a grant from the

Paul Freschner Fund and by the 5 ednh Mabcat
Rescarch Coumal (Propect o BT 191305y
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unusual phenomenon. Under certain patte-
Iogical conditions, such as in duabctes melltat
and uremb plasma glucose and urea Fewxe
tively are capable of cagsing hyperosmolality

The resemblance between the spontascot
and the glycerinanduced sarfatons i hean- £
caused us fo focus our sttention on 3<rE7
omolality The purpose of the present vt
a1 (1) to imestigate the serum ovmolaliy of
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mbcats with Menidro's discass, and (2) to
stody the effect of giycerin consumption on
xerum osmalality and bearing.

METHOD AND MATERIAL

The freedng-polnt-depressdon method, using
x Knaner osmometer was used for defermina
tion of the serum osmolality The subfects
were tested early fn the mornlng whh empty
rontechs. The patients belonging to group B

Table L Serum osmoldity in patlents with

Menlere s disease and in controls
Normal  Hyper
csmolalhy cunochality Total
no. of
N % m % pethnt
Pathert groop A 45 %0 510 50
(withoat Mensire's
dhensc)
Patient : | 7 & 19 M 36
{with 33

(e below) recefved a single dose of glycerin
perorally (1.2 g/kg body welght, dffuted with
the same amount of salme and Havoured with
i lemon julcs) Two hours afler the ghycern
' admini when the } blood con
" ceatration was to be expected (Stahle et al,
1970), » fresh blood samplc was taken for a
wecond measurement of cxmohlity Forty
thres of the 56 patients with MenRre s dis-
case were tested In this way
' The material comisted of three groupy, the
corttrol group (healthy individuals), the po
tiens group A (patlents with comman ENT
disorders) and the patlent proup B (paiients
‘vﬂhumhxdm)
t  The control group comprised 25 young and
i healthy individuals bedonging to the stapdard
test group of the hosputal Iaboratory The s
rum csmolality fn this group ranged between
281 and 297 mOsm/kg (2xSD) which s
7" looked upon a3 the normal range far oimolal
!“y
Patient group A cousisted of 50 pstients
“  admitted to our ENT chnfe for comman types
’: of surgical procedure rhinoplesty tonsillec
tonry tympanoplasty and stapes sorgery No
r’ patfent had a history of vertigo.
*  Patlent group B consisted of 56 patlents
" who had had a verified MenRre's disease for a
F' considerable time.

v
"
A RESULT
;' The findings with respect to scrum osmolality

for the two groups of patients are presented

in Tuble I and Fig. 1 Flgures cxceedmg 297
mOsm/kg ere regarded as abnormal

The presence of hyperotmolality among
patients with Menres diseass s greater
than that among the patients withoat Meni-
ere 9 dnemse, The difference b dgnificant at
the 1% kevel (1 text).

In patient group B (cases of MenRre s dis-
easc) the mean value of the yerum osmolality
v 2951 mOsmm/kg (SD 11.5. In pat-
ent group A, the corresponding figures were
286.4 mOsm/kg (S.D 9 0).

Sodlum and potasmum were memtured in
the same blood samples, as had been sub-
mitted for osmolality determination. The re
sults have been grouped in Table 1L The nor
mal renges presented are thote of cur bospital
laboratory

groap
Mmb(m-mum"
’
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As a resolt of the hyperosmolality in group
B cases, we cxpected (o find an elevated se
rum-sodium value but es will be seen in the
table this was not the case. Even if the inds-
siduals with hyperosmolality are considercd
scparately the serum sodium and potasdum
lTexcls are not rabsed, with one exception.
Therefore  the hyperosmolality frequently
noted in our group B cases cannot be ex
plained by elevated sodium or potassium con
centrations.

Serum osmolality after

shceerin consumpiion

Serum osmolality was measured both belore
and 2 hours after glycerin edmunistration in
43 of the 56 patients with MenRre s discase.
The eclevation ranged between Il apd 30
mOsm kg In 35 out of 43 pallents (Fig. 2)

Serum osmolality and hearing loss
ofter glvcerin edminlistration
As was mentioned in the introduction glyce
nn may induce a transient hearing improve
ment. In the light of this fact, we have com
parcd the serum osmolality in the 56 patients
with Menjéres discase with the resuits of
the glycerin tests (Table HI)L which were
* judged to be cither positive or negatve ac
‘ording to the following criteria. A positrve
ghycenn test refers (o an improvement of the
pure tone threshold of at least 10 dB in the
three adjacent octave bands with a simuliane.
ous improvement of the speech-discrimina-
tion score excecding 12% 2 hours after glyce

Table 11 Serum sodwwm and porasuum comcer
tration

Serum sodum,  Scrom pottvem,

mean atae mean vatue
Pancat group A 1M8miql  4)mfq)
SD 0 (SD oY
Paucnt group A 13t9miql 40miq)
(SD 39 SD oY
Noroal range 135 1 migl Jt4emigl
5D Y ISD 0.5

A aQ Ny ¢ 6

It

1y s

o W I 30 s 0 e

..07/.

Fig The clevadon of serum ovmolality after gh
cerin adminhtrauion in 4) patients ith MenRrr s
case The figures above the pilkey Indwcate the ourhe
of paticats,

rin administration There was no correlati
betmeen the effects of glycerin on hearlng ac.
serum osmolality nor did the 19 jndnkiash
with inftial hyperosmotality (cf Table I} react
differently after the Ingestion of glycen
compared with the remaining 37 pateents wirk
Menjére s disease

Giveerin-test result and eleation

of serum ovnolaliiy

The elevation of serum owmolslity rouitirg
from the standard dosc of glycerin was com-
pared with the clleet ol glycenn en hearics
in 43 of our paticnts with Menire s diseast
A correlation between the Increase of ewr™
lality and the hearing gain mught bave bees
expected However no defimite corrclitir
was found. The same was aho truc of th™.
patients who initiafly shomed serum hyperer
molality (Table V).

Spontencous [luctuations in

serum omoldity

Repeated measurements of serum mrrcuL:
at intenals of several months were pesd



Serum osmolalisy in patlents with Afeniere s discase 453

Tﬂimmwmbrfremmmamolaﬂly
! e reswlts of glycerin tests

H
mhﬂ!ymn;llkyToﬂl

Gixrri et
nimiild 13 13 3
Ghcrria toat
) n 1 n
T mo. of

n ] %

2 16 of the patents with Meniire s dlscase.

Hyperosmolality alternating with pormal os-

molality was 1een in 7 patients. This pienom-

caon may be {n accordance with the general

Buctuating character of the dmease which is
lPaﬂ:culsrlyclminct.ivl:wuhre:-mlwhnrln;_
| However the relatiombhip between spontanc
t ous changes of serum osmolality and floctua
lﬁtms in cochleovestibnlar symptoms has mot
| yet been studied.

DISCUSSION

The cause of the serum hyperosmolality in
Menlbre s disease reported here has not been
wentified. Elevation of serum osmolality can
be found m patients with renal diseases, bumn
llﬂ]lrria and some brain disorders. Diabetes
melhtus and uremia are two common cames.
Marked flud Jost, as well as an Incresse of
sofium  potasslum, urca end ghucotc may
elevate the serum osmolality The lngestion

Table IV Ierarion of serem ammolality com-

pared with the effects on hearing 2 howrs after
iycerin administration

of akeohol is looked upon as the commonest
cause.

The hyperosmolality found [n patients with
Memire s discase cannot be explained by any
of the causes mentioned above The serum
sodlum and potassium concentrations were
within normal limits. None of our patients
had diabetes melitus and the unnary-glucose
tests were Degative and no protemutia was
found. The scrum-urea conceniration was
measured in five patients and was found to be
normal.

Some of our patients with MenRres dis-
ease had been penodically treated with dinre-
tics. Hygroton® (chlortalidon) had most fre
quently been used (Norell & Stahle 1962
Klockhoft & Lindblom 19675 1968). Hyper
otmolality resolting from such medication has
oot been reported and diuretkes would rather
be expected to lower the osmolality due to the
increase in sodrum excretfon.,

Tbe serum hyperosmokafity observed in
one-third of our pathents with Menitre s dis-
ease rmay be regarded as manifesting a gen-
enl disturb the
clinical

ok

nee of b st hougt
symptoms mainly onginate from

ibular pathways. Hyp y
ln the endolymphatic space, cansung hydrops,
may occur simultaneouslty This would be
fu line with the theones recently presented
by Godlowski (1972), who suggested that
the fnper ear disturbance in Meméres dis-
case may be an cxpression of an immupo-
metabolic disorder simllar to dwmbetic retmo-
puby He indicated that endolymphatic by
drops is an extension of & pathological process
fovolving the whole organnm, predominantly
conctutrated {n the {nmer ear He suggested
that the primary canse of the endolymplratic
hydrops may be a reduction of the depolymer
izing actfon of hyalurondase, caused by vars-

Eleration Blevation

<20 mOwwkg >20 mOunkg Total
Giyoeng tew
Powirrs 11 7
hycens temt s
wqira 1" it -
Tout no. of
Pbenis 25 1 .
N e

om etiological factors (hereditary Infective,
toxie, cte). This was thought to cause an ac
cumulation of hydrophilic hyaluronate muco-
polytacchandes in varous parts of the organ
um and, within the endolymphatic space to
resalt in hydrops of varying degrees.

Acta Orloryng 76
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As a result of the hyperosmolality in group
B cases, we cxpected to find an elevated se-
rum-sodium value, but, as will be seen in the
table this was not the case, Even if the indi-
viduals with hyperosmolality are considered
separately the serum sodiom and potanium
levels are not ralsed, with one exception.
Therefore  the hyperosmolality frequently
noted in our group B cases cannot be ex
plained by elevated sodium or potassium con-
centrations.

Serum asmoldlity after

tlycerin consumption

Serum osmolality was measured both before
and 2 hours after glycenn adminstration in
43 of the 56 patientt with Menldro s disease.
The elevation ranged between 11 and 30
mOsm/kg In 35 out of 43 patients (Fig. 2).

Serum asmolality and hearing loss
after glycerin odminisiration
As was mentioned 1n the introduction, glyce
rin may induce a transient heenng improve
ment. In the light of this fact, we have com
pared the serum osmolality in the 56 patients
with Menitres disease with the results of
the glycerin tests (Table III), which were
Judged to be efther positive or negative ac
. fnrd[ng to the following criteria. A positive
" glycerin test refers to an improvement of the
pure tone threshold of at least 10 dB in the
three adjacent octave bends with a simuliane
ous fmpr of the b-discnimina
tion score exceeding 12% 2 hours after glyce-

Teble I1 Serum sodhen ond potasstum concen-
tration

I

[

0 1@ 10 10 40 % &

o mfis

Fig 2. The elevation of scrum cumolallty after gly-
cerin adminbstration in 43 patients with Mendire's dis-
onse. Tho flgures above the pies indicate the muober
of paticnts. .

rin administration. There was no correlathx
between the effects of glycerin on hearing an.
serum osmolality nor did the 19 individuak
with Initial hyperosmolality (cf Table I) react
differently after the Ingestion of giycens,
compared with the remaining 37 patients with
Menitre s discase.

Glycerin-test result and elevation

of serum asmolallty

The elevation of serum osmolality resultin
from the standard dose of glycerin was con
pared with the effect of glycerin on hearm
fn 43 of our patients with Menlre s discas
A correlstion between the Increase of asme
lality and the hearing gain might bave bet
However no definite correlato

Serun sodium,  Serum potassluen,
mean vakao mean vakue

Patent group A 1338 mEq7l 43 mEqn
(3D 11 (8D 0y

Patient group B 1389 mEq1 40 mEq)
(5D 35 (3D 04)

Normal moge 134-146 mEq 3 64 6 mEq/1
sD Y (8D 029%)

Ac:a Otolaryng 76

wnrx found. The same was also true of that
patients who Inlthlly showed serum hypero
molality (Table IV)

Spontaneous fluctuations in

serum osmolality

Repeated measarements of serum osmolal
at intervals of several months were perforo
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There is akso & remote possibility unt serum

Bosber S. K. & Warren, R L 1971 A uwdy of
Y and csmotie relationhies of .

hyper lality may beareflexogen!

enon which # sccondary to the hmer-cu
dhorder The serum osmolality in that case
{s raised m order to increase the withdrawal
of water from the endolymph and dimunish
the hydrops.

Determination of the serum osmolality on
a sngle occaslon has shown hyperosmo-
lality 1n 19 cut of 56 patients (34%). Meas-
urement on two occastons at intervals of sev
eral months has revealed hyperosmolality in
7 out of 16 patients (44%) Provided that the
variations jn osmolality can be interpreted as
a cyelic phenortaenan, the frequency ot hyper
osmolality could be expected to be even higher
if the number of examinations was further
raised. It should be stressed that the elevation
of the serum osmohlity may be an inconstant
phenomenon analogous with other fluctuating
symptoms.

ZUSAMMENFASSUNG

Hyperosmolatitit im Serum iat bed einem Drittel von
356 Patlenten mbt MenRrescher Krankheh angetrof

ralt der Herabsetzung des Gehdres vergiichen worden.
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