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Sinuiter

— It should be noted that ampicalhn, hke phenoxymethylpemerthn,
does not penetrate into stnus secretions from dlood 1n reliable concentrations ~
H Gnorpe and C Lundberg Scand I Inf Dis 3 257, 1971
*
— Our mnvestigation shows that doxycycline passes into the sinus secretions €

under severe inflammatory conditions —
C Lundberg etal LancetII 107,1968

Vibramycin

en dos per dag

doxycyklm

Bfizep

Pfizer AB, Taby
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ON TUBAL FUNCTION IN PRESENCE OF CENTRAL PERFORATION
OF DRUM IN CHRONIC OTITIS MEDIA

Climical Methods and Preoperatne Anahses — 132 Cases

L Andreassonand A Ivarsson

From the Department of Otolaryngalogs Malmo General Hospital Malmo Sweden

(Received August 4 1975}

stract Opmons differ on the value of preoperative
ting of tutal function The results vary widely but so
r no comparative investigation between different tubal
nction tests seems 10 have been published On 132 ears
1th central tympamc perforattion 9 of which were
aumanc and the remamng following chrome otiis
edia tubal functon was studied with a closed man
metne method and cpen flow volume method which
reasures the tubal volume passage The results of the
fosed and open techmques agreed m 967 The open
\uhod 1S more sensiive but the closed method 1s easier
<% of the total matenal had aspiration capacuy 1¢
ould neutralise rddle ear pressures which s better than
arher results Toynbee s test ss @ good screening test and
hen positive 1t means good tubal function A close cor
elation was found between tubal function and the yolume
af the air cell system as an effect of the systemic mucosal
damage

Gas 1 the mddle ear 15 continuously being
absorbed with a consequent reduction of the
pressure The tntratymp: and ©c

aroused tncreased nterest 1 the function of
the Eustachian tube in chronic otitis media
Postoperative impairment of the function of
the Eustachtan tube can spoil the effect of an
otherwise successful operation Preoperative
of the fi of the E 1
tube therefore soon became a routine measure
for judging the prognosis mna given case Inthe
beginming well known simple tests were used
such as Politzer’s test and Valsalva's man-
oeuvre, which give information about the pa-
tency of the tube The aspiration-deflation
method descnbed by Flisberg et al (1963) 15 a
more phystological test because 1 this test
negative pressures are apphed to the middle
ear, and 1t now seems to be the method most
widely used (Miller 1965, Fhsberg, 1966,

pressures are equahzed by opening of the
Eustachian tube 1n association with the act of
swallowing Investigations of gas absorption
dunng swallowing on miact ears have been
published by Ingelstedt & Jomson (1967),
Ru et al (1966), Elner et al (19714, b), and
others

Advances made in reconstructive surgery of
the middle ear since the early 1950s have
This study was supported by the Swedish Medical Re
search Council (Nos BT2 17X 9908 B73 17X 99-09) and

the Delegauon for Applied Medical Defence Research
{Nos USTH9T2 U9S/1973)

£-762958

Hol 1968, Sied: 1968, Ekvall,
1970, Palva & Kina, 1969, Sharp, 1970, Niwa,
1972, and others)

However, the investigations on record differ
from one another in composition of the mate-
nal, test pressure applied, and the classifica
tion of tubal function, differences which make
direct companson difficult Moreover, some
workers question the value of preoperative
testing of tubal function Some tnvestigators
(Miller & Bilodean, 1967, Holmquist, 1968,
Siedentop, 1968, MacKinnon, 1970, Niwa,
1972) have found the results of operation to be
better m the absence, than mn the

x

."—vv‘*\ *



preoperative impairment of tubal function, tionc | ml Transducer data pressure rap
while Sharp (1970) 15 of the opimon that +40 em H,0, max Ineanty error <?
preoperative testing gives no valuable infor-  within the pressure range, pressure memb:
matton, and Smyth et al (1971) claim that it deviation 005 ulfem H,O Pressure 15
*“can safely be excluded * carded on an tok get recorder M 800 (Siea
The aim of this investigatton was twofold, Elema AB) Before and after every test
viz to compare different methods of testing  equipment was calibrated with the test
tubal function m a well defined material with  sure +5 and +10 cm H,0 and controlled
central drum perforation 1 order to find out  a honzontal alcohol manometer Readug
the most reliable and the simplest test for chn- curacy of the alcohol manometer +0 05
ical purposes and, second, to compare the H,0
findings 1n the present material with those m
annvestigation of healthy ears under the same  Open method {flow 1 olume recording)
testing conditions (Elner et al, 19715) 1n an  The principle of the method ts based upo.
endeavour to assess to what extent they differ  open connection between the ear canal
The investigation was mcluded as a routine  the external pressure, Py, through a fl
procedure m part of preoperative studies of  volume meter (Fig 2), and a pressure m
patients with chronic outis media on the as-  taimng system (Fig 3) The flow-volume
that the I damage 1s reflected  ter records the air flow through the Eustac,
both 1n volume reduction of the ar filled tube (V,) as well as that (V,) caused by ¢
spaces and in rmpairment of tubal function pression/decompresston of the arr in the m
(Andreasson, 1973, 1975)

system (P) The arr flow signals from the
METHODS ferential pressure transducer EMT 32 (
Dufferent methods were used for estimating  mens Elema AB) are integrated electronie
the ability of the Eustachian tube to equauze to obtaint a signal corresponding to the vol
the intratympamc pressure and the at- passing through the tube durmg swallow
i inosphenc pressure The methods are based AV,=[V,xdt Thentratympanic pressure,
on recording of the equalization of pressure and the volume, AV,, are recorded on an
(closed method), on one hand, and on record-  jet recorder M 800 (Stemens Elema AB}
ing of the flow-volume of air passing through The equipment was cahbrated before :
the open tube (open method) duntag swallow  atfer use wii an arughn syrge gIving”
ng, on the other hand test volumes of 10 and 20 pl Reading ;
curacy of the synnge #0 1 ul For data :
Closed method (pressure recording) Rundcrantz 1969
This method was first described by Flisberg et
al (1963) A polyethylene catheter with a cuff  Fressure maintaining sy stem
connects the middle ear hermetically with a  The intratympamic pressure was raised a
d EMT33 (Si ns Elema AB) lowered with the equipment Musirated m F
through the perforation in the drum (Fig 1) 3 It consists of a fan and a flow regulal
With the 3 way stopcock i position b a de-  (FR) described by Jonson {1969), which
siwed pressure 1s apphed from the pressure  spite of the variation in r p m creates a ¢t
mantarnng system (Fig 3) Incock possionc  stantarr flow of 0 51/sec By sertes connect
the muddle ear pressure 1s affected only when  of one of the capillaries exposed to the atme
the Eustachian tube 1s opened pheric pressure, constant over- or underprt
The volume of the equipment 11 this post-  sures of 2 5 or 10 cm H,O can be produce
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Equipment for pressure recording

desired pressure 1s apphed to the middle
sta The range of vanation of an adjusted
sure1s +2°%

\sure generator and measuring device
hinopharynx
srder to apply constant pressures to the
yopharynx an equipment earlier described
Ingelstedt etal (1963) wasused The rhino
wynx pressure, Py, 18 recorded in this test
well as 1n Valsalva's manoeuvre and Toyn
*s test by a pressure transducer EMT 35
emens Elema AB)
Transducer data Pressure range +400 cm
O Max lineanty error <29% within the
essure range

te cuff system

ae muddle ear 1s connected with one of the
<0 equipments by a catheter 54 cm long and
2 mm n wner diameter It 1s fitted with a
»am rubber cuff with a thickness of 3 mm and
1h an mdmwduatly selected diameter 5-10
) The cuff 1s placed nto the bony part of
e ear canal where 1t 1s fixed artight with
opcock grease

Performance of Test

The catheter with an appropriate cuff was ap-
atied sn the ear canal The cuff was examined
nanometrically for leakage as well as for false
esponses dunng movements of the jaw The
test required about 1 5 hours and the different
tests were always done with the patient siting
and 1n the following order

Lubal function ufter drum perforauon 3

Open methed (flow -y oliume recording)
(1) Politzer's test to confirm any organic ob
struction of the Eustachian tube and to expel
mucus, if any

(2) Toynbee's test The pressure in the
rhmopharynx was recorded through a nasal
olive placed in one of the nostrils When the
tube was open, the volume passing through the
Eustachian tube was recorded The test was
done three times

(3) Aspiration-deflation test Test pressures
of £2, 15 and +10 cm H,0 were intermut-
tently applied to the test ear for a few seconds,
duning which the patient was structed to
swallow At each pressure gradient the volume
that passed through the tube was recorded dur-
ing 10 swallowings withm a 3 min period The
patients could swallow dry or with a small sip
of water, if desired

(4) Graded constant pressures n the rhino-
pharynx A nose mask connected to the pres-
sure producer was pressed airtight over the
nose During swallowing a magnetic valve
connected with the pressure producer was
opened thereby building up a graded constant
over- or underpressure in the rhmopharynx
The test was done at 310 and +25 cm H,Q
with 10 endeavours to equilibrate at each pres-
sure gradient

(5) Valsalva’s manoeuvre This was done
after the patient had recerved careful instruc-
tions The pressure tn the rhinopharynx and
the passage, if any, of awr were recorded
simultaneously and the pressure, if the tube
was patent, was noted (forcing pressure)

\
1 fip e iy
Frg 2 Equipment for flow volume recording
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Fiz 4 Classificavon of tubal function according to
to equalize an intratympanic pressure of 10 em H
(6) Aspiration deflation test This was done at  the extratympanic pressure Arrows denote acts of

a test pressure of %10 cm H:O The patlent 0%

swallowed untl the pressure gradient was

equilibrated or 10 umes dunng 3 min at most, (0 this mvestigation and that of Elner ¢
after which any residual pressure showed the  (19714) of healthy ears with an mtact d

Closed method (pressure recording)

functional reduction The test was done at  the same classifi of tubal ft
least three times used (Fig 4)
Group 1
MATERIAL equilibrates ntratympanic  pressure

The climcal matenal consisted of 126 patients ~ atmospheric pressure completely.
(64 women and 62 men) with <central perfora Group I1
tion of the drum in 132 ears The age distribu- e librates but wath residual pressure
tion and classification can be seenn Table I 1 qdle ear,
In nine ears the perforation was recent and

u
ue o trauma The remaming 123 ears were Gm[i"f et ,
vdue to chronic otitis media. which the patients  S9U!!Ibrates felative overpressure but not
derpressure,

% had had for 1-55 years Only patients with ears
that had been dry for at least tvo months and  Group IV
who showed no sign of upper respiratory tract  no equilibrating capacity at all
nfection were accepted All ears were an
spected under an operating mMiCroscope and
only ears with a clear central perforation with-
out signs of cholesteatoma were included in
the material All ears with imparred tubal func-
ton (39) as well s some with good function
(16) were re tested after an interval of at feast 2

Table II shows the distribution of patie
among the tubal function groups No stat

Table I Distribution of the matenal accorc
1o age and etiolog)

weeks 5 cases were mtenuonally tested dur- Chronie Traumatic
ing upper respiratory tract infection and after A8 outis media  perforation
wards m a non infectious interval 10 R
11-20 18 !
21-30 33 2
RESULTS 3140 19 3
41.50 2 !
Closed method (pressure recording) 51-60 N 2
61-70 s

Asprration-deflation As the same test proce
dures and numbers of swallowings were used

g
E
o
g
°
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11 Classification of tubal funcnon ac-
ng to Elner et al (1971b)

Chromc otitis Traumatc per
media forauon

on No of No of
ears % ears €t
69 61 6 667
17 138 1 11
12 98 2 222
25 203 - -

sigrificant difference (X analysis) was

d between cases of chronic otiis media
cases with a traumatic perforation This
of difference might have been due to the
1l number of ears with traumatic perfora
s

ouble investigations at an interval of at
t two weeks showed good agreement m
¢ (48 out of 55 ears tested) but noteworthy
erences 10 the remamnng 13 % (5 cases of
up IV and 2 cases of group III changed to
up I} The S cases examined dunng upper
prratory tract infection belonged to group i1
group 111 (3) and group IV (1) When not
ected all the ears showed good tubal func
n e groupl

ren method (flow vol ime recording)

1ble 111 gives the number of ears with at least
1 passage at different test pressures Pa
ncy was more common when the pressure
adient was nsing Moreover patency was
ore common when the intratympanic pres
e was mcreased than when it was de
reased even though the pressures were ap
hed intermittently

iable Il The percentual number of cases
vhere the Eustachian tube was patent on at
cast one occasion at different pressure
radients

tiddte ear pressure

cmH,0 +2 +5 +10 0 5 10
Ears with tubal
passage 1n % of
total matenal 59 75 84 S6 &9 74

Tubal after drum perf >

With the open method the tubal passage
capacity can be graded as the number of suc
cessful passaces as well as the order of the
volume Table IV compares open and closed
methods as the number of tubal passages dur
ng 10 swallowings at intratympanic ear pres
sures of +10 cm H,0 correlated to tubal func
tion groups With but few exceptions the re
sults obtamned with the closed and open
methods show good agreement Thus the tube
was patent as tested with the open method in
group 1V at +10 cm H:O 1n S cases and in
group I at —10 cm H,0 1n 3 cases where the
closed method showed no equihbration Only
one case (group III at +10 cm H,0) showed
the opposite result, t ¢ equilibration with the
closed but not with the open method

The volume of the air passage vaned widely
within and between tubal function groups Fig
5 shows the mean volume of the air passage
(AV,jean) tested at £10cm H.O ingroup I The
range of vanation was wide 12-500 ul at posi
tive and 16-450 ul at negative intratympanic
pressures Most of the dots in Fig 5 are to the
right of the ine indicating that the air volumes
were larger when the mtratympanic pressure
was positive than when it was negative
Groups [I-1V showed successively reduced air
passages

Poluzer s test This was invanably posiive
1¢ no tube was occluded

Toynbee s test In 609 of the whole matenial

the Eustachian tube was patent (Table V} The

Table IV Direct companison between open
and closed method

Tabal patency dunme 10

Tubal funcaon swallowings (open method)

groups
closed method No ofears  No of ears
(no of ears) +10cmH,0  10emH,0
175 75 75

LI 18 1’

m 14 13 3

voo2s E T
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Table VII Comparison between different imestigations concerming aspirahion capacn
number of suallons and test pressures (a) ears nith normal mucosa out af a larger maters
(D) ears with central perforation and intact ossicles out of a larger matersal

Pos asp No of Test pressure
Invest No %) swallows {cm H,0)
Miller (1965)* 54 59 1-36 25
Flisberg (1966) 9% 42 Not given 2-40
Milfer Bilodeau (1967) 91 63 Not given 2525
Siedentop et al (1969)° 44 44 1->6 25
Holmquist (1968) 217 48 Not given 20
Ekvalt (19700 21 38 =10 2-50
Sharp (1970) 40 75 1-30 10-30
Andreassonctal 1975 123 70 1-10 to

chronic otstis media (Fhsberg, 1966) The dif
ferences are thus much larger in the presence
than in the absence of disease Zolner and
Elner et al were of the opmion that positive
Toynbee s test means normal tubal function
which was confirmed n this study also for
chronsc otitis medta

When restng with graded pflanon of the
rhinopharynx Elner et al found no difference
n the flow at positive or negative rhino
pharyngeal pressures The flow also showed
good correlation with the tobal function

ouping in therr material There was no such
/°d correlation n this study, especially not
for group IH (Table V) The method has no
advantages in practical clinieal work

Positive Valsalva s manoeuvre showed a
poor correlation with the tubal function groups
as for healthy ears i the study of Elner et al
The Valsalva manoeuvre only shows the forc
1ng capacity of the Eustachian tube and1s Inno
sense an active function test In the matenals
of the above authors Valsalva's manoeuvre
was posiive tn all the patients with negative
aspiration capacity 7%, groups HI and TV
When these persons were studied with the use
of the spontanecus gas diffusion for producing
negative middle ear pressure, equihbration
was achieved by spontaneous blowng of therr
nose and not by swallowing The Valsalva
manoeuvre can thus predict whether and how
the patient might equilibrate the pressure
the muddle ear in the postoperauve period

Acta Orolarngol 82

Comparison with earlier imv estigations
of chromic otttis media
As mentroned eacher, compansons betuee
earlier series of chronic otitis media and th
present material are difficult because of differ
ences in the composition of the matenals di
ferences 1n imtial pressure levels and numb¢
of swallowngs This 1s obvious from Tab!
VII Positive aspiration means cases with th
capacity of equilibrating negative middle ea
pressures 1 ¢ group I and [I There are grea
differences in  the aspration  capacit
(7 5-709%) the differences probably depenc
ing on several factors

The state of the middle ear mucosa an
thereby the patient selection is probably one ¢
the most important causes of the differences
Miller found a statstieally sigmificant reduc
tion of the tubal function n ears with “dis
eased mucosa compared with ears with nor
mal mucosa He showed that the tubl func
uon recovers after anubionc treatment Only
pattents tn whom the ears had been dry for a
least 2 months were accepted 1n the present
study Testing dunng upper respiratory trac'
infection also affects the results This stresse!
the importance of testing only patients with
dry ears and without respiratory tract infec
uon

The 1mtial test pressure level might be re
sponsible for some of the differences i Table
VIl Phystologcally, the Eustachian tube
works with low pressure differences of -5¢cm



van Dishoeck, 1947,
nsen, 1957, Ingelstedt et at , 1963, 1967,
tal, 1966. and Elner et al , 1971} How-

clinical testing at such low gradients 1s
ult with the closed method Table 111

vs that the percentage of patent tubes n
ses with mereasing test pressure fevels,
cially at positive middle ear pressures
serg (1966) found high flow resistance 1n
Eustachian tube at negative pressures be-
—10 em H,0 1n the muiddle ear, which was
1ght to be an effect of congesuon of the
osa This “mucosal factor”™ was quanti-
d by Andreasson et al (1975) Testing at
3 cm H,O allows easy recording without
unduly effect on the mucosa and therefore
ms to be suitable when testing tubal func
1 In all the other studies higher 1nitial test
ssure levels have been used Ingelstedt et
(1967) and Rundcrantz (1969) found that
sal function vanes with posture When the
j)ect was recumbent the volume of the tubal
w was only one third of that recorded when
test person was sitting In order to get the
st tubal function the test must be done with

- pattent situng This has been done by
isberg  Holmquist and Ekvall but has not

{Zollner, 1942,

Tubal function after drum perforation 9

of upper respiratory infection and perform test

with the patient situng

(1) Politzer’s test If negative, no further test
1s needed

(2) Valsalva’s manoeuvre

(3) Toynbee’s test If positive, pornt 4 can be
excluded

(4) Asprration-deflation Imtial test pressure
level 10 cm H,0, 10 swallows at most
dunng 3 min

(5) Volume measurmg of the air filled ear
spaces (Vi)

This 1s technically very simple as all instruc-
tions are given on the equipment The method
does not require any tramnng of the staff The
testtakes 10-15 mun  Every case m the present
matenal has been or will be operated on re~
gardless of the results of the test The late
results of operauon will be published in due
course

ZUSAMMENFASSUNG

Es bestehen unterschiediche Auffassungen uber den
Nutzen emer praoperativen Untersuchung der Qhren
trompete Die Resultate varueren sehr stark und bisher
15t unseres Wissens kewe vergleichende Untersuchung
von Tests der T publiziert

en mentioned n the other
Table VII)

In the other part of this investgation
\ndreasson 1975) a correlation was found
etween tubal function and the volume of the
ir-filled system but not between tubal func-
on and the planimetrically assessed area of
1e cell system This means that the volume
nd the tubal function probably depend on the
xtent of the mucosal damage n the whole
ystem—mddle ear mastoud air cell system
md Eustachian tube This also suggests the
alue of preoperative tubal function tesung as
vell as volumetric determinations

Climcal recommendations

With the new equipment just descnbed the

following test performance 1s recommended
Test only patients with dry ears and no signs

worden Von 132 Ohren mit zentraler Trommelfellperfora
uon von denen ¢ traumatisch waren und der Rest auf eine

Ontis media war wurde die
Tubarfunktion uatersucht und zwar mit emner geschlos
senen manometnischen Methode und mut emer offenen
Methode die das Volumen der Tubarpassagen misst Dre
Resultate der geschlossenen und offenen Methode
summten in 96% der Falle uberein Die offene Methode
bnng exaktere Werte wahrend die eschlossene ain
facher auszufuhrea nt 70 der Gesamifalle hatten Asps
rationshapazitat d h man honate den Druck im Mittelohr
neutralissieren  dies 1st besser als ber fruheren Unter
suchungen Toynbees Test vt €1n guter  screeming test
und wenn er postuv vt legt eme gute Tubarfunktion
vor Ein enger Zusammenhang bestand zwischen der
Tubarfunktion und dem Votumen des Zellsystems als emn
Effekt des generellen Schiermhautschadens
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CLASSICAL CONDITIONING OF THE STAPEDIUS MUSCLE

A Yonowitz

From the University of Tevas Health Science Center at Houston
Speech and Hearing Institute Houston Tevas USA

{Recerved August 4 1975)

¢t A delayed conditioning paradigm was employed
» condstion the stapedius muscle While many previous
pts have faled using loud sound as the uncondt
oned stimulus (UCS) this paper presents evidence of
secessful conditionmg of this muscle when the unconds
stimulus was a mild electrocutaneons sumulation
+ the external ear canal Using a weak tone as the con
tioned sumulus conditioned responses were readily ob
med n eight of ten subjects after only 30 or fewer tone-
pars Temporal condiioning was also demon
A parallel 1s shown to eust between attempts
condition the pupillary and stapedits reflexes

tne question of the conditionability of the

tapedius muscle 1s 1n an unresolved state

o ttive results, though weak and evanescent,

e been reported m some studies with cat

man, while negative results have been
ally reported 1n most studies

The methods used by the n

Various reports have shown the nuddle ear
muscle reflex to anticipate a very loud aud:
tory sequence (Murray & Reid, 1946, Coles &
Knight, 1965, Djupesland, 1965, Bench, 1571)
Most recently Bench (1971) has shown anti-
cipatory contraction of the stapedus muscle to
stimul: of 138 dB re 0 0002 dynes/cm® Bates
et al (1970} and Bratnerd & Beasley (1971) re-
ported generally negative results 1 therr at-
tempts to condition the acoustic reflex as in
dicated by the acoustic impedance bndge
Bates et al (1970) states “Results were am-
bigous 1 that conditioned responses ap-
peared to occur (unreliably) in some Ss but not
m others °

Ina t comparable , the
dilation of the pupil has been reported not to

hese studies are as different as their results
Simmons et al (1959), vsing a reduced coch-
ear microphonic In cat as an md of the

be d ble when its natural afferent arc,
the optic nerve, imtrated the dilation (Young,
1965), but to be readily conditionable when the

woustic reflex, pared light flashed and loud
sounds After a number of panings, the hght
ash preduced a reduction i the cochlear out
ut
Coles (1963) found that when human
bjects were warned prior to the onset of
~mall arms finng less p y threshold

d {UCS) was an electnc
shock (Gerall et al , 1957) For the stapedus,
Klockhoff (1961) showed that contraction of
this muscle may also be elictted with an elec-
tncal stumulus  He found that electro-
cutaneous stimulation of the external ear canal
produces a homolateral contraction of the

shift (TTS) was produced that when they were
ot Sumlarly, Brasher et al (1969) reported
when a subject anticipated a pistol shot, a
hck substituted for the shot produced an m-
~ation of middle ear muscle contraction

p muscle and furthermore that this
contraction s the result of an afferent arc and
1s not due simply to direct electncal stunula-
tion of the muscle

In the present investigation, the electro-
cutaneous stimulus was the UCS, and the

Acta Otolarsneol 8
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presence of the reflex was assessed by imped
ance changes (Djupesland, 1964) Data are
presented which suggest that the stapedius
muscle can be condittoned in the human It 1s
not yet understood why conditioning does not
readily occur with a Joud sound as the UCS

METHOD
l“)sllbjl‘c‘!.\'
*/ Ten young Naval enlisted men were used

Apparatus
A Madsen Model Z0-70 electro-acoustic
mpedance bridge was used to indicate any
change in the middle ear impedance due to
stapedwss contraction

Tinsel wire having a cloth ke consistency
was wrapped around the probe up of the
bndge Fig 1 ilustrates the electrode A
ground electrode was also attached to the
pinna

The condittoned stimulus (CS} was deliv-
ered by a Permoflux PDR-600 earphone 1n an
MX-41/AR cushion A Grass Model 1t stimu-
lator provided the DC voltage for the UCS
The CS and UCS timing were automatically

Acta Otoluryngol 82

Fig | The modified probe tip v
tinse] wire serving as external e
canal electrode

controlied to the nearest 0 01 sec with star
ard laboratory apparatus

The output of the impedance bndge pt
vided a voltage which changed with chang
1 the acoustic impedance of the ear Tt
voltage caused a deflection of a recordl
pen and provided an indication of stapedt
contraction The deflection was measured
mm This and the UCS were permanently t
corded with a two-channel Beckmann Recor
g Dynagraph

Procedure

A delayed conditonmng paradigm was er
ployed with the CS termunating as the UC
came on The CS consisted of a 1-kHz pu
tone, 750 msec 1n duration (40 msec fise f3
time) at 30 dB Hearing Level (HL) This valt
was at least 30 dB down from any mdicatio
of an fly-elicited stapedius contra
tron The CS was deliverd to 8's L ear Th
UCS consisted of a I-second DC voltage ¢
the R external auditory canal via the probe It
used with the Madsen Impedance Bridge Tht
voltage was increased, providing that then
was no pam to the S, untl a near maximun
stapedius contraction was observed with the




Classical conditioning of the stapedius muscle 13

Fig 2 Exuncton Data The CR/UCR
magnitude 1s the rato of the CR's to the
mtial UCR Each subject conditoned 15
shown on this graph

2
,

w0

o .

«

* ‘\'

[ | | L L
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. -~ bndge A few CS's were then

ven to the S as a check agamst any sensitiza-

which may have occurred No sensitiza

on was evident The tntertrial interval was a

30 sec

Thirty CS UCS painings were given to each

at the end of which the CS was delivered

¢ ., until any conditioned responses {CR),
any, had been extinguished

RESULTS AND DISCUSSION
#’s were observed m eight of ten Ss Fig 2
ts the vanabluity among these Ss dunng
4 5n Number of CR’s vaned from 1 to §
efore extinction occurred, mdicating (when
considers that only 30 painngs were pre-
1a faily strong CR

Two phenomena occurred worth special
note

(1) The CR often occurred prior to the UCS
dunng the first 30 tnals Contmuous record-
ings were not collected, only occasional
samples, dunng the iutial 30 parmgs Fig 3
1s the 15th tnal from S 9 As can be observed,
the stapedus muscle begins contraction be-
fore the onset of the UCS

(2) Temporal condittomng was occasionally
present This was not consistent for all Ss
Fig 4 ndicates the spontaneous contractions
in S 3 of the stapedius muscle dunng the 20th
tnal, clearly ind temporal

There 15 an extraordinanly close parallel
between conditioning of the pupidlary and
stapedius muscles Both have a history of con-

Fg 3 The upper trace represents
. change produced by

l.he stapedius muscle The lower
trace depicts the UCS The* ar
row indicates the CS onset The
CR occurs prior to UCS onset
Acac T e
o

-
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Fig 4 Temporal conditioning in the st
dius muscle Again the upper trace |

cates impedance change while the I

marks the UCS The ntertrial interval

o
bro4 4 b
;Mr Ht’“jr;*‘
:“:H_ﬁlh;“ -
b,....d——-.__.
LT !”E‘”TT‘“

trasting reports The present report makes the
parallelism more dramatic 1n that early faijures
to condition pupillary dilation (Young, 1958)
were followed by notable successes m condi
tiomng when not a visual sttmulus, but elec
tnic shock was used to elicit the pupillary
reflex (Gerall et al , 1957) As kimble (1961)
puts it “It seems hkely that the emotional ac
companiments of the shock may have been
tmportant * Both the stapedius muscle con
traction and pupil dilating may very well be a
"N part of a generalized UCR to shock or noxious
' Young (1965) contends  The nature
of the generalized response m terms of latency
and magmitude 15 modified during the course
of condnoning in the expected direction so
that comparable changes in the behavior of the
pupil probably represent changes occurnng m
the generalized response It 1s now important
to test this hypothests 1n the case of the
pedius muscle by mcluding an idex of the
generalized response such as the galvamic
skin response
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ZUSAMMENFASSUNG

Ein verzogeries bedingtes Paradigma wurde angewandt
um den Staped usmuskel empfindlich zu machen Obwoh!
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a constant 30 sec

zahlreiche fruhere Versuche die lauten Ton als u
dingten Reiz gebrauchten mnicht gelungen sind b
diese Abhandlung Beweise dar daB dieser Muskel erl
reich empfindlich gemacht werden kann wenn mar
unbedingten Retz eine geringe elektnische Hautsum
tron des auBeren Gehorganges anwendet Ein bedin
Reflex wurde ohne Schwierigkert in acht von zehn |
viduen nach Verabfolgung von dreiB g oder sogar wen
Ton Schock Gruppen ausgelost wenn man einen le
Ton als bedingten Reiz gebrauchte Zerthiche Bed ng
wurde auch demonstriert Man bewerst dal eme P
lele zwischen den Versuchen an bedingten Pupille
flexen und Stapediusreflexen besteht
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Abstract The mechanics of movement of the ossicular
chair has been invesugated on human temporal bone
preparations by means of ime average holography The
malleus and incus moved kike a lever around an axis
which position was. de dent upon fr
Simulation of contraction of the muscles of the m ddle
ear gave as result a change in the pattern of movement
of the ossicular chain  The position of the rofatory aus
was changed and the amplitudes of vibration were re
duced This should be a protecting mechanism

As a result of developments in ear surgery
there has been an mcrease 1 nterest 1n the
significance of the middle ear for the trans
mmssion of sound from the tympanic mem
brane to the oval window Exact knowledge
of this part of the mechanical system of the
ear ts necessary both for predicting the out
cameafubtay ar dhesysitar andrslaauting
how to treat such defects

The amphtudes of vibration in the ossicular
cham are very small under physiological
conditions and the amount of energy which1s
necessary to imtiate the movement 1s aiso
small This and the anatomy of the middle
ear make 1t difficult to measure the vibrations
No apparatus has yet been developed that
makes 1t feastble to investigate the mechanics
of mavement of the ossicular chamn 1 hiving
humans In our expenments we nsed temporal
bones from human cadavers

The holographic method 15 well suted for
measurements on temporal bone prepara

Acta Otolanngol 8°

trons It ts 2 non contact method 1t shows
wibration amphtude distnbution on the wl
object, and its sensitwvity range mahes it]
sible to measure the amphtudes n the ¢
cular chain at physiological sound pres:
levels and relatively high frequencies

The patterns of movement were essenti
the same for all preparations but the vibra
sensitivity against the input sound pres
showed considerable vanation from
preparation to another It has therefore b
necessary to give this work a descnp
character

THE EXPERIMENTS

Preneratar gl the abest o ke
measured
The experiments were carned out on fit
temporal bones which by macroscopic exs
1nation did not show any pathological chane
The preparation of the temporal bones 15
scribed earlier by Gundersen (1971 197
but no probe microphone was connected
the round window n the investigations ¢
scribed here Gundersen (1971) also ves
detatled valuation of factors influencing U
vahdity of data recorded from such tempo!
bone preparations

The temporal bones were removed fie
6 to 48 hours after death from cada™®
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L1373

027

I (A) Amplitude along a vibraung bar Positions
re the amphtude corresponds to max and mn
ne J3 function are marked (B) Light intensuy distn
on of the reconstructed picture of the bar by ume
ge holography

043 pm

oled 1 the meanume to +4°C The bones

The interval between death and measurement
1s also without importance, within certain
limuts (Elpern & Andersen, 1965; Gundersen,
1971)

Apparatus

Holographic vibration analysis 1s well suited
to this hind of examunation because vibratory
patterns of the object as a whole are recorded,
giving a reconstructed picture of the object
supenmposed on a pattern of dark and bnght
lines These *iso amphtude contour lines™
give the vibration amphitudes of the object
dunng the recording of the hologram Tonn-
dorf & Khanna (1972) have used this method

prepared diately after r 1

min’ the movements of the drum

1 the measurements were performed the

~ or the following day If the expennments

4 not be performed immediately after

ation, the bones were stored wet 1n an

1 tight plastic bag, and cooled to +4°C

<cles and connective tissue were removed

s the surface of the bone dunng prepara

1 The skin 1n the auditory meatus was re-

2d From the digastric fossa a hole was

‘ed through the innermost part of the mea

> A probe with an inner diameter of 3 3 mm

alength of 22 mm was fixed to the meatus

that the probe was at a distance of 2 to 3

1 from the eardrum Previously 1t has been

own that the age of the patient at the time

+ death has no influence on nvesuigattons
the h of 1

Contrary to the use of an electromagnetic
pich-up, the method does not exert any sig-
nificant extra load on the object The only
extra load on the object was a thin layer of
alumnium powder (particle size about 1 xm)
as descnibed by Khanna (1970), applied to
give the object 2 diffusely reflecting surface
The weght of the alumunirm powder was
about 003 mg/cm?®, unformly distnbuted
over the surface of the object

By tume average holography (Powell & Stet-
son, 1965) the relattonship between the re-
constructed intensity and vibration amplitude
1s given by a squared zero order Bessel func-
tion (J3, which 1s drawn in Fig 1 Fig 1also
shows a stff vibrating bar 1n order to clanfy

ASER U s

767958

the rel. hip b Tight and

Fig 2 Expenmentalar
rangement Y Mirror BS
Beamsplitter L Lens/
mucroscope objective

LP Lens pimhole spatial
filter H Hologram SPKR

APLIFIER

Loudspeaker, MIC Micro- .-

phone e

by
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vibration amphtude The first zero of the
Ji-function corresponds to an amphitude of
012 um, which gives the first dark fringe 1n
the reconstructed picture One will get a dark
fringe 1n the reconstruction wherever the
amplitude has mncreased by about Af4, where
A 15 the wavelength of the employed laser
beam (He-Ne laser A=0 6328 um) Areas of
the object that are at rest will be reconstructed
with maxumum ntensity and will give the
bnghtest fringes on the picture
Fig 2 shows the expenmental arrangement
It 15 an ordinary holographic set-up, where the
laser beam 1s sphit into an object wave and a
reference wave Because the ossicular chain
15 a relatively small object, 1t was viewed
through a microscope We placed the hologram
plate betw een the objective and the eye-piece
We could then vary the magnification n the
reconstruction process by substitution of
different eye-preces The input signal was
passed from the loudspeaker via a rubber
tube to the auditory meatus The probe mi
crophone was used to control and regulate
the sound pressure on the eardrum A stable
holder for the ear was constructed and, in
addition, the usual precautions required to
“ulfil the strict stabiity requirements of holo-
« Eraphy were observed There was no problem
//ansmg from background noise dunng the ex-
penments

Atathad
So far, 32 temporal bone preparations have
been used for thts investigation

About one hour was required for the align-
ment procedure Duning alignment and before

grams were recorded on Agfa-Scientia 10}
plates, and the exposure time was § seco
Recordings were made with sound press
levels (SPL) from 85-140 dB re 2x 10N/,
and with frequencies from 100-10000 }
Most of the recordings were made with {
quencies below 2000 Hz, and with SPL fr
100-125 dB, because these produced vibrat
amphtudes which were well suited for
sensitvity range of ordmary time aver:
holography

RESULTS

In this paper the movements of malleus 2
incus are descnbed We also simulate the
fect of the middle ear muscles on the patter
of vibration The behaviour of the sta
footplate will be considered n a forthcom
paper

Malleus and wcus

In order to visuahze malleus and ncus fr
the medial side, a part of the semucircy
canals and vesttbulum had to be remov
and thereby the hiquid load exerted by an
tact cochlea was taken away Without rem
ing these parts of the cochlea it was imposst
to see both the tip of the manubnum bo
of the malleus and the long crus of the e
To wnvestigate the effect of this encroachme.
a senes of recordings at different frequenc
ang’ souna’ pressures was muat fom s
preparations with mtact cochlea Then, ont!
same preparations, a hole was made to tf
supenor semucircular canal, the penlymr
was drained out, and the senes of recording
was repeated This was done on 3 prepar

recording the holograms we d the
preparation, in order to keep 1t from dryming
We also kept a relatve humidity of about 60°%
1n the laboratory dunng the expenments

The recording of a senies of holograms using
30 combinations of frequencies and sound
pressures took from §-1 hour Control record-
ings were made at the start and end of each
senes n order 1o check that nothing had
changed dunng the expenments The holo-
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tions and judging by the results we could ¢
say that the mode of vibratron was alterst
by the dramng out of the penlymph bL
vibratory pattern was the same as befort
but the amphiudes of wvibration beca™
somewhat larger after the penlymph ¥
drained out This 1s 1n agreement with Guz
dersen's (1971) results from measuremers
with electromagnetic pick-up
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EXPLANATORY DRAWING

3 Hologram reconstructions of malleus and mcus
1090 Hz 124 dB The explanatory drawing shows the

The vibratory pattern of malleus and 1ncus
frequency ! 090 Hz and 124 dB SPL 1s given

Fig 3 The explanatory drawing shows
e mterpretation of the pictures The axis of
tation 1s 1n the middle of the brightest fringe
rom the positron of the fringes and because
1ey represent straight lines across malleus
1d incus one can conclude that maileus and
cus rotate like one suff body around the
x1s Large non physiological sound pressures
re needed 1n order to produce movement
1 the jomt between malleus and ncus This
11l show up as a discontinuity or deflection
f the straight fminges by transition from mal
us to incus

The axis of rotation does not pass through
ke tip of the short process of the wncus but
omewhat further down on the tncus body On
he malleus the axts passes through the mal
«us neck

Fig 4 gives a senes of photographs from
wologram reconstructions of malleus and in
us at different frequencies and sound pres
ures Accurate measurements on the recon
tructed pictures show that the axs of rotation
emains 1n the same position when increasing
he sound pressure at a fixed frequency On
he other hand the axis 15 shifted when the
requency 1s changed which can be seen by

HOLOGRAM RECONSTRUCTICN

pos ton of the ax s of rotation and the ampl tude at the
d fferent fnnges given num

carefully companng recordings made at differ
ent frequencies 1t 1s most easily seen from the
pictures at 196 Hz-124 dB and 930 Hz-124
dB

Earlier measurements have shown that the
ossicular cham has a poiwnt of resonance usu
ally at a frequency between 800-900 Hz (Gun
dersen 1971) When the frequency 1s increased
to this point of resonance the axis moves
away from the malleus head and further down
on the malleus neck When the frequency 1s
icreased above the pont of resonance the
axis moves away from the malleus head and
further down on the malleus neck When the
frequency s increased above the pomt of
resonance the axis seems to shift towards the
malleus head again but the determmation of
the axis position 1s here more uncertain This
1s because the amplitude of vibration de
creases rapidly above the pomt of resonance
and y deter of
the axis position requires larger sound pres
sure

The shifing of the axis position mahes the
ratio of the ossicular cham smaller at the point
of resonance and larger by frequencies below
and above this point

Several expenments were performed n
order to detect a piston lihe movement n

Acta Or darvag o 82
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vibration amplitude The first zero of the
J3 function corresponds to an amplitude of
0 12 pum, which gives the first dark fringe in
the reconstructed picture One will get a dark
fringe 1n the reconstruction wherever the
amplhitude has increased by about A/4, where
A 15 the wavelength of the employed laser
beam (He—Ne laser A=0 6328 um) Areas of
the obgect that are at rest will be reconstructed
with maximum intensity and will give the
brghtest fringes on the picture
Fig 2 shows the expenmental arrangement
It1s an ordinary holographic set up, where the
laser beam 1s split into an object wave and a
reference wave Because the ossicular chain
1s a relatively small object, 1t was viewed
through a microscope We placed the hologram
plate between the objective and the eye prece
We could then vary the magnification n the
reconstruction process by substitution of
different eye pieces The mput signal was
passed from the loudspeaker via a rubber
tube to the auditory meatus The probe m
crophone was used to control and regulate
the sound pressure on the eardrum A stable
holder for the ear was constructed and, m
. addition, the usual precautions required to
fulfil the stnct stability requirements of holo
' 'graphy were observed There was no problem
7 ansing from bachground noise dunng the ex-
periments

Method
So far, 32 temporal bone preparations have
been used for this investigation

About one hour was required for the align
ment procedure Durning alignment and before

grams were recorded on Agfa Scienua 10E
plates, and the exposure time was } secon
Recordings were made with sound pressu
levels (SPL) from 85-140 dB re 2x10 *Njn
and with frequencies from 100-10000 H
Most of the recordings were made wath fr
quencies below 2000 Hz, and with SPL fro
100-125 dB, because these produced vibratu
amphtudes which were well suited for t
sensitvity range of ordinary lime avery
holography

RESULTS

In this paper the movements of malleus at
incus are descnibed We also stmulate the ¢
fect of the middle ear muscles on the patter
of vibration The behaviour of the stap
footplate will be constdered 1n a forthcomn
paper

Malleus and incus

In order to visualize malleus and incus fro
the medial side, a part of the semicircul
canals and vestibulum had to be remove
and thereby the liquid load exerted by an1
tact cochlea was taken away Without remo
g these parts of the cochlea it was impossit
to see both the tip of the manubnum bo
of the malleus and the long crus of the inct
To investigate the effect of this encroachmer
a senes of recordings at different frequenc:
and sound pressures was made from son
preparations with intact cochlea Then, ontt
same preparations, a hole was made to it
supenior semmcircular canal, the penlymp
was draned out, and the senes of recording

recording the holograms we d the
preparation, 1n order to keep 1t from drying
We also kept a relative humidity of about 60%
tn the laboratory dunng the experiments

The recording of a series of holograms using
30 combinattons of frequencies and sound
pressures took from 4-1 hour Control record
ings were made at the start and end of each
senes in order to check that nothing had
changed dunng the expenments The holo-
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was rep d This was done on 3 prepar!
tions and yudging by the results we could ne
say that the mode of vibration was altere:
by the drainmng out of the penlymph T
vibratory pattern was the same as befor
but the amplhtudes of wibraton becam
somewhat larger after the penlymph ¥
dramed out This 15 1n agreement with GuT
dersen's (1971) results from measurements
with electromagnetic pick up
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lition to the rotating movement This hmnd
movement has been mentioned by Helm
tz (1868) and many later nvestieators
ombunation of a rotating movement and a
ton ke movement will give the same result
a pure rotating movement with shifting of
axits position We have observed a small
quency-dependent shifung of the axis Be
1se the aws postiton 1s not altered when
sound pressure 1s increased at a fixed fre
wncy there must be a hnear relationship
tween sound pressure possible piston like
svement and rotating movement

fluence of tensor nmpam and

1pedius muscles

1s difficult to investigate the wfluence of the
mpanic muscles by expenments on prepara

s of human temporal bones Among

21

sponse 10 a single stimulus to be 370 g and
to tetamc stimulation to be 13 90 g For tensor
tympant he gives 13 58 g as single twitch re

sponse and 54 25 g duning tetanic contractions

In rabbits he reports the following figures

1 stapedius 7 14 g twitch responses and 5 38
g dunng tetame contractions and 1 tensor
tympam 16 0 g twitch and 3” 34 g dunng te

tanic contractions

QOur holograms were recorded at frequen

cies from 300-1000 Hz and SPL from 114-134
dB We apphlied forces from 10-50 g to tensor
tympam and from 1-10 g to stapedius We also
made recordings with combmnations of these
forces applied to both tensor tympam and
musculus stapedius During our senes of ex

peniments there were so many possible
combinations of muscle force frequency and
sound pressure that 1t was not posstble to per

hers E B Neergaard et al (1963) lated
e influence by applying forces to musculus
nsor tympam and musculus stapedius

In our expenments the external force was
ophed both by traction perpendicularly from
gmen tympant on the tendon of tensor tym
am and by pulling the muscle 1n 1its natural
rection of contraction The traction force
n the tendon of musculus stapedss was
pplied from tegmen tympan and perpendic
larly to the tendon The preparation of the
mporal bone included removal of the teg
1en tympant allowmng access to fasten small
ooks around the muscles In order to apply
force simulating the natural contraction of
ensor tympam the muscle was dissected
ree and a thread was fastened to it making
t possible to apply the force i the direction
f natural contraction We do not know the
nagmitude of the force that musculus tensor
ympani and musculus stapedmis can exert
nman Incats Weveretal (1955) found that
he average maximum force exerted by ten
or tympam was 44 g and by stapedus
16 g In rabbits Wersall (1958) found the
werage maximum strength of stapedus to be
$6> g Teig (1973) reporis the average
force in musculus stapedius of cats by re

forma th gh 1 of the influence
of the tympanic muscles m this way For
example we have not investicated the de
pendence on frequency We had to choose
some parameters and study the effect of var
1attons m them dunng the senes of measure-
ments In addition 1t was necessary to make
some control recordings before and after
each senes of measurements 1n order to check
that nothing had chaneed dunng the measure
ments The control recordings showed that
when the traction on the muscles ceased
malleus and incus agam vibrated as before
the force was applied

Traction apphed to tensor tympant causes
movement 1n the jomt between malleus and
mecus This shows up on the hologram recon
struction by a discontinuity of the interfer
ence fringes by transiion from malleus to
wmncus as can be seen from Figs 5B C and
6A There are more fringes on the mallens
head than there are on the mcus which 1m
plies that the malleus has a larger amphitude
of vibratton than the mcus Malleus and wncus
seem to have an axis of rotation whose posi
tion 1s somewhat closer to the malleus head
than st 1s without traction to tensor tympam
see explanatory drawing in Fig §

Acta Orolarynzol &2



22 T Gundersenand A Hogmoen

s

“1

" VAXIS OF ROTATION
~

A 114 DB WITHOUT APPLIED Forces |ENSOR TYMPANI 30 6, 124 pa
EXPLANATORY DRAWING
v

=
1

£

.
F 114 p8  TENSOR TYMPANE 30 G AND STAPEDIUS 8 ¢ 6 124 o3

Fig 5 Hologram reconstruct ons of malleus and incus
at 600 Hz 114 and 174 dB with d fTerent forces appl ed
to the muscles

Acta O olaryrgol 87
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TENSOR TYmPANI 50 6

TENSOR TYMPANI 50 6
anp sTaPeDIUs 10 6

& 6 Malleus and incus at 1000 Hz and 124 dB with
>rees apphied ta the muscles

The explanation of the reduced transfer of
novement from malleus to incus when pulling
n tensor tympam, rmight be that the pull
auses some distrachon between the joint
aces, and thereby leads to reduced frictional
orces in the jotnt When 1t contracts, muscu
us tensor tympam pulls the malleus forward
nd medial in the epitympanic recess The
vhole ossicular chain will be pulled forward
nd mward the elasticity 1n ligamentum an
wlare will then result in a counterforce The
ounterforce will make 1t more difficult for
he mcus and stapes to follow the vibrating
novement of the malleus

D starentyus 10 6.
EXPLANATORY DRAWING

The force exerted on tensor tympam also
results n attenuation of the vibratton ampl
tudes of the malleus Fig 7 gives the amph
tude at the top of the malleus head (fully
drawn hne) as function of force applied to
tensor tympani at 940 Hz and 114-124 dB SPL
The measurements were made with 0, 10, 20
and 30 g applied force Here, an tncrease in
force by 10 g caused a reducuon of the amph
tudes on the malleus of about 3 dB

Vibration amphtudes measured at the top of
the incus as a function of force apphed to ten
sor tympam are also shown in Fig 7 (dotted
Iine) The amplitudes here are smailer than

Acta Otalaryngol 8
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Fig 7 Amphitudes of vibrauon
'y a funct on of force app) ed to ten

tympani at 930 Hz 114 dB (lowet

curves) and 124 dB (upper curves
5 The measurements are from the
malleus head (—) and from the
topofincus( ) theyareevaluz
from hologram reconstructions

they are at the malleus This 15 2 result of
the movement in the joint between malleus
and incus At 114 dB SPL the amphtude of
the 1ncus became too small to be measured
by 20 and 30 g appled force (the first dark
fringe n the reconstructed picture occurs at
0 12 pm amphtude)

Traction force exerted on musculus stape
dius attenuates the movements much more
than the same force applied to tensor tympam
As an example one senes of measurements
at 940 Hz and 124 dB showed that 2 g force

~applied to stapedius reduced the amphtude of
., fncus by the same amount as 20 g apphed
J tensor tympam It was difficult n our ex
, penments to apply forces smaller than 1 g
As a result 1! vibration amplitudes became
very small when applying force to musculus
stapedius thereby giving more uncertainty
concerming the mode of vibration The pull on
the stapedius results 1 a d y of the
aus of rotation The tncus rotates around an
axis whose position 1s somewhat lower down
on the body This means that the ratio of the
ossicular chain becomes smaller On the mal
leus the axis stll goes through the malleus
neck (see Figs SD E and 6B D) Here too
1t can be seen that there 1s movement in the
jomnt betw een malleus and tncus

Figs 5 and 6 illustrate the combined action
of musculus tensor tympan: and musculus
stapedius When applying forces to both mus

Acta O duryngol 8°

30 g

cles at the same time the effect becom
greater than when applying force to each
the muscles separately The effect does n
seem to be a pure additive effect

CONCLUDING REMARKS

Our expentments on human temporal bont
showed

The ossicular chain moves like a lew
around an axis The axis position 1s slight
dependent upon frequency The rato of t
ossicular chain 1s smaller at the point of re
onance and larger at frequencies below ar
above this point

Traction tn the tympamc muscles atte
vates the vibration amplitudes and reduc
the transmussion of amplitude from maller
to tncus  This ss a result of movement in 1
Joint between malieus and tncus This mu

be dered a pra '3 h
Head 1injunes and large acustotraumas ofie
lead to d y of the lar cha

by breaking the connection between mallet
and incus A possible explanation might b
a combination of head injury or large souf
pressures and a sudden contraction of fens?
tympan: To reduce the transmussion of am
plitude one needs to apply a much smalle
force on the stapes muscle than on the tenso-
tympam: Contraction n the muscles of the |
middle ear alters the pattern of movement of |
the ossicular chain Malleus and mcus chang®
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s of rotation thus leading to a change in the
10 of the ossicular chan  Previous mvesti
1ons by Gundersen (1971) have shown that
mechanics of movement of the ossicular
un influences the sensitivity of the ear
ntraction of the tympanic muscles alters

ratio of the ossicular chain This mught
me the ear for better recording at certain
quencies
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ZUSAMMENFASSUNG

B der G wurde

1 Zestmuttel Holographie an Praparaten von Felsen
tnen untersucht Der Hammer und der AmboB beweg
sich wie e Hebel um eme Drehachse Dic Lage
eser Drehachse war etwas frequenzabhangig Simula
m der Kontraktion der Mittelohrmuskeln gab als Re
ltat emne Anderung des Bewegungsmusters Die Dreh
bse wurde verschoben und damit wurde das Uber
der G gedndert
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RADIOIMMUNOASSAY OF IE IN MIDDLE EAR EFFUSIONS
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Abstract Fifty six sample parrs of nuddle car effusions
and sera obtained from patients with etitis media with ef
fusion were investigated for the IgE antibody activity
against mites using radioallergosorbent test (RAST)
which was recently developed as an in vitro allergy test
The 12E concentrations were also determmned by radioim
munosorbent test (RIST) Results showed that the IgE
anubody activity aganst this allergen was found in 5 mid
dle ear effusions and 3 sera Four of $ patients with the
positive RAST test had nasal allergy or signs suggesting
allergy There were two muddle ear effusions which
seemed 1o be an allergic fluld However findings in the
present study do not suggest that middle ear effusions re
sult from the direct allergic reaction induced by mites in
the mucous membrane hining the middle ear cavity

Ithough otiis media with effusion 1s a com

o0 disease constituting a major cause of
eanng loss. the etiology and pathogenes:s of
this disorder 1s still a controversial topic
Many authors {Jordan, 1949, Derlacki, 1952,
Lecks, 1961, McGovern, 1967) have regarded
allergy as one of the major etiologic factors
contnbuting to outis media with effuston
However, the opimon that allergy does not
play any significant role m the formation of
muddle ear effusion has been put forward by a
number of authors (Suehs, 1952, Sentuna et
al, 1958, Boor, 1962, Snrala 1964, Lim &
Burck, 1971)

Since IgE contains reaginic antibodies which
are responsible for the Prausaitz Kustner re
action, Mogi et al (1974) measured the IgE
concentration 1n middle ear effusions and cor

This work was supported by grant (number 84%193) from
the Munsstry of Education Japan

— ey

responding sera  Their results suggested thy
IgE 1n muddle ear effusions, rather than bemg
a local product, may be derived from the s
rum, and also that the fluid 1s not an atopic &
fergic effusion However, their study did not
mclude an nvestigation of the spectfic antr
body activity of the IgE present in the effusios
against certam allergens

The radiwallergosorbent test (RAST) (Widt
etal , 1967) has come to the fore as a new form
of the i vitro allergy test and the great valued
the RAST for determination of IgE antibodes
against many kinds of allergen has beet
demonstrated by Johansson et al (1972), Wide
(1973) and Okuda & Usami (1974) Most o
allergens causing respiratory tract allergy &
Japan are house-dust and metes (Okuda, 19%
Miyamoto et al , 1974) Moreover, it was der
onstrated 1n RAST studies on atopc allers
1n Japanese subjects, that the mute 1s a ma¥
allergemic component of Japanese house-dus
(Miyamoto et al , 1974) In order to determirt
whether or not mites are an antigenic factol
causing direct allergic reactions in middle ¥
cavities, in this study the IgE antibody actnr
ty against mites, as well as IgE concentration
1n muddle ear effusions and sera were deter
mined by use of the RAST and radioymmuno
sorbent test (RIST) (Johansson et al , 1969

MATERIAL AND METHODS

Fifty six specimens of middle ear effusi?
were aspirated from 56 patients dragnosed 3

|

|
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1 IgE concentrations and RAST scores of middle ear effusions and sera in the serous-

2 category
1gE concentration
Effusion Serum

Age Sex (Uiml) (Ulml)
n 2 10 20
61 g 10 <10
73 3 25 25
7 Q 230 1350
61 ? - -
60 L <10 <10
78 8 <10 <10
61 4 <10 <10
8 ? 10 10
51 El - -
56 ? - -
46 ? <10 <10
32 8 <10 <10
62 é <]0 <10
46 é 23 10
43 é 930 630
46 3 <10 <10
66 Q 1720 450
59 ? 10 92
34 3 - -
50 Q 10 <10
45 3 - -
53 3 840 9o
59 k] <10 35

8 3 13 36

Jot measured

wing otiis media with effuston The age and
of these patients are described 1n Tables I,
and Il Specimens were categorized as of
+ 1s or mucord type by Sentuna’s classifi
tion (Sentuna, 1970) The specimens were
broken down 1nto acute and chronic types
the cniterion as descnbed n a previous
(Mogt et al , 1973) Thirty mine serous
ens were obtamned from 25 acute and 14
cases, 17 mucoid specimens were
11 acute and 6 chromc cases A blood
for serum was collected from each pa
at the same time that the effusion was
* Effusion and serum samples were
awn off quantitatively, using a microselect
pipette !

ay Adams Duwsion of Becton Dickenson & Co
ppany NJ USA
a Diagnostics AB Uppsala Sweden

RAST score

Effusion Serum

CCC00000C0000000R00000000
CCOC0C0C000R00TOTOROOROSS

IgE annbody actnity against
dermatophagoides farinae

The RAST was performed to investigate the
antibody activity of IgE in middle ear effusions
and sera against this antigen using Phadebas®
RAST kit 2 The RAST 1s based on the anti
globulin principle of Coombs et al (1953) Al
though the principle and detarl procedure of
the RAST are descnbed elsewhere (Johansson
etal, 1971), Fig 1)llustrates a schematic ex
planation of this prnciple Duplicate assays
were performed on each sample Brefly, 50 u!
of the unknown muddle ear effuston or serum
sample was incubated with a filter paper disc
coated with the extract of dermatophagoides
Jartnae 1 a polystyrene tube for 3 hours at
room temperature After washing 3 times with
saline, 50 ul of the ant1 IgE [ solution was
added to paper disc and agitated overmight at
room temperature The paper disc was washed

Acta Otolar
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(Recerved September 29 1975)

Abstract Fifty six sample pairs of middle ear effusions
and sera obtamed from patients with otis media with ef
fusion were mvestigated for the IgE antibody activity
agamnst mites using radioallergosorbent test (RAST)
which was recently developed as an in vitro allergy test
The 1E concentrations were also determined by radioim-
munosorbent test (RIST) Results showed that the IgE
antibody activity agamst this allergen was found in 5 mid
dle ear effusions and 3 sera Four of 5 patients with the
posittve RAST test had nasal allergy or signs suggesting
allergy  There were two muddle ear effusions which
seemed to be an allergic flmd However findings m the
present study do not suggest that puddle ear cffusions re
sult from the direct allergic reaction induced by mites in
the mucous membrane liming the ruddle ear cavity

otitts media with effusion 1s a com
disease constituting a major cause of
n'eanng loss the etiology and pathogenesis of

" this disorder 1s sull a controversial topic
Many authors (Jordan, 1949, Derlacks, 1952,
Lecks, 1961, McGovern, 1967) have regarded
allergy as one of the major logic factors

respondmg sera Their results suggested tt
IgE 1in muiddle ear effusions, rather than bet
a local product, may be derived from the ¢
rum, and also that the fluid s not an atopic:
lergic effusion However, therr study did n
include an mvestigation of the specific an
body activity of the IgE present in the effust
against certam allergens

The radicallergosorbent test (RAST) (W+
etal , 1967) has come to the fore as a new for
of the inn s 1iro allergy test and the preat value
the RAST for determination of IgE antibodi
against many kinds of allergen has be
demonstrated by Johansson et al (1972), Wi
(1973) and Okuda & Usam: (1974) Most
allergens causing respiratory tract allergy
Japan are house-dust and mites (Okuda, 19°
Miyamoto et al , 1974) Moreover, it was de
onstrated 1n RAST studies on atopc aller,

n 1] that the mite 1s a may

contnbuting to otstis media with effusion
However, the opinion that allergy does not
play any significant role 1 the formation of
middle ear effusion has been put forward by a
number of authors (Suehs, 1952, Sentuna et
al, 1958, Boor, 1962, Snrala 1964, Lim &
Burck, 1971)

Since IgE contains reaginic antibodies which
are responsible for the Prausnitz Kustner re
action, Mogt et al (1974) measured the IgE
concentration 1 middle ear effusions and cor

This work was supported by grant (number 848193) from
the Mimistry of Education Japan
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allergenic component of Japanese house-du
(Miyamoto et al , 1974) In order to determs
whether or not nutes are an antigentc fack
causing direct allergic reactions in middle &
cavities, i this study the IgE antibody actv
ty aganst mites, as well as IgE concentratior
in middle ear effusions and sera were detet
mined by use of the RAST and radiotmmunc
sorbent test (RIST) (Johansson et al , 19%6%

MATERIAL AND METHODS

Fifty six specimens of nuddle ear effu
were asprated from 56 patients diagnosed =

$10¢
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11l IgE concentrations and RAST scores of muddle ear effusions and sera in the mucord
~on

1IgE concentration

—_— RAST score
Effusion Serum ——————
Age Sex (Ujmh (Ulmh Effusion Serum
npe
7 & 840 200 1 [}

34 ? 400 250 0 []
24 ? 43 10 0 ¢
8 3 17 360 o [1]
47 3 <I0 <10 0 o
3 3 1® 190 o 0
57 ? 10 10 [ 0
54 2 66 45 o L]
24 ? 165 270 9 0
35 d - 0 ]
66 -1 85 1200 o L]

ncnpe
58 ? 10 10 0 0
45 é 10 10 0 o
65 el <80 630 2 2
I ? - - 1 2
43 ? - [ 0
” ° % 130 o 0

ot measured

ear effustons were found to possess (89
ody activity m the IgE The IgE concen-
ons 1n the effusion or serum in cases with
wsttive RAST score were over 500 Ufml
wever, In one of these cases, It was mpos
10 test the IgE concentration because of

) middle ear effusions Four of these 5
effusions belonged to the chrontc type and 3 of
$ effusions were included n the mucord cate-
gory In the corresponding sera of these 5 ef-
fusions, 3 were found to have the IgE antibody
activity Upon reviewing the history and chm
small amount of aspirated effusion cal findimgs of patrents with a positive RAST
he IgE antibody activity agamst dermato-  test, 4 of 5 patients had nasal allergy or signs
rooudes fannae was present in 5 of 56 suggesting allergy

disc Patient somple
containing
, ,mgm anh-IgE-'?)
- 3

+ — ——) _——
L]

*
L

IgE {reagm) disc allergen 1gE

oni-1gE-"™ complex

towed to react with any IgE directed 1o the allergens on
the paper disc The radioactivity of the complex is meas

1 The pnnciple of the radioallergosorbent test
ST) An excess of allergen 15 coupled to a CNBr
vated paper disc which reacts with the specific IgE

ured i a gamma-counter The amount of radicactivity (s
he panent sample After washing away refated to the of the specific IZE anishodies
radioactively labeled anu IgE antibodies are al i the sample

R
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DISCUSSION

Recent studies (Johansson, 1969, Donovan et
al, 1970, Tse et al , 1970, Ishizaka & New-
comb, 1970, Fourcard et al , 1971, Yunginger
& Gleich, 1971, Smuth et al , 1972, Dahlstrom
et al, 1973) have demonstrated an elevated
IgE level in sera, and secretions tn various
atopic allergic disorders Although the deter-
mumation of IgE level in body fluid 1s of
benefit for diagnosing atopic allergic diseases,
another in vitro test was recently developed
for the diagnosis of allergy by Wide et al
(1967) Thus techmque 1s a quantitative assay
for reagmic antibodies, called the radio-
allergosorbent test (RAST) Recent studies
(Johansson et al, 1972, Wide, 1973, Okuda

body activity of IgE against house-dust o
mites Results of immunohistologic and m-
! studies (D et al, 1970
Tada & Ishizaka, 1970) suggested that IgE n
secretions 1s produced Jocally, which my
contribute to the inducing of atoprc allergi
reactions The present study revealed 2 pa
tients 1 whom the reagimic antibodies agamst
mutes reside only in the middie ear effusis
but not 1n the serum It has been demonstrate!
that either serous or mucotd middle ear ¢f
fuston ts at least partially a local product (Mog
etal, 1974 a and b, Ogra et al , 1974) There
fore, these effusions mught be an allerp
flud However, this supposition 1s some
what uncertam as the RAST scores of these
effusions were of the lowest grading
The 1on of a direct causative factor

etal, 1974, Torsten et al , 1974) di ated
that the RAST s very useful for i viro
diagnosis of atopic allergy on a routine basts
Okuda et al (1974) reported that a posi-
tive RAST test was found n 44 of 53 (83 09%)
patients with allergic rhimtts due to mutes
Torsten et al (1974) compared the results of
the RAST test with those of skin and provoca-
tion tests in children with asthma and hay fe-
er and found that a posttive RAST test was
mbined with a positive prick test in 196 of
;.35 (83 4%) and with a positive provocation
~“test in 163 of 182 (90 %) tests

of allergy tn otitis media with effusion prob
ably denives from the anatomy where the
mucous membrane of the middle ear cavin
and Evstachian tube continues to the nasd
cavity, paranasal sinuses and nasopharynt
The entire mucosa of the upper respiraton
tract may respond 1n 2 manner simlar to sp¢
cific allergic sttmult Miglets (1973) produced
experimental middle ear effusions in squurd
monkeys 1t such a way that the animals, ha
ing been sensitized passively with huma
serum containing a known reaginic antibody

As there are so many allergenic
specific antibody activities of IgE against many
different allergens should be tested for How-
ever, the amount of asprrated middle ear ef-
fuston 1n most cases 1n this study was not suf-
ficient to allow testing against two or more al-
lergens In this v the mute (d
tophagoides fartnae) was adopted as an al
lergen, as mites are a mayor allergen causing
resprratory tract allergy in Japan Results of
the present study showed that the IgE anti-
body activity agamnst mutes was presentn § of
56 (8 9%) middle ear effustons This incidence
was nearly identical with that obtained in a
study by Miyamoto et al (1974) where 6 of 48
(12 5¢%) sera from healthy Japanese subjects
were found by RAST to have specific anu-

Acta Ot danng 1 82

were chall d by tnsufflating the responsit?
allergen into the middle ears Mglets found 2

the middle ear mucosa of these squirret mor

keys, several morphological changes such &

would be expected to occur mn an antiger
antibody reaction, and suggested that the mi¢
dle ear 1s an organ having susceptibility to 2
lergic reactions However, based on the rest!ts
of their own studies and of other mvestigators
(Hotchhuss, 1948, Robison & Nicholas, 195!
Suehs, 1952), Sentuna et al (1958) have stated
that there 1s a lach of clear scientific evidenc
to support the claim that the fluid 1s an allers
flmd Our previous study (Mogt et al , 197
reslted 1n the same conclusion Findings &
the present study do not suggest that midd'e
ear effusions result from the direct atopic a+
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we reaction induced by mites present in the
cous membrane lining the middle ear cavity
i the Eustachian tube
t 15 doubtless so, that middle ear effusion 1s
n in certamn patients with allergy We agree
h the opiion of Senturia et al (1958) that
prratory tracts, ncluding the middle ear
sty and Eustachian tube, of patients with
~rgic diathests have a greater susceptibility
wnfection and that the allergic state in aller
patients ts a predisposing or conditioning
tor rather than the cause of the effusion
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ZUSAMMENFASSUNG

r haben Effusionssafte und Seren der beiden Mittel
en von 56 Patienten die Otius med:a mit den Kom
ationen der Effusion ertrugen serologisch untersucht
die Pathogenese von Effusion des Mntelohrs zu er
ren Die Akuvitat des IgE Antikorpers gegen M fbe
rde mittels des neulich entwickelten Radioallergo-
bentstests (RAST) m vitro gemessen Die IE Kon
atration wurde auch durch den Radioimmunosorbents
t (RIST) gemessen Die Resultate haben gezerpt daB
IgE Antikorper gegen Milbe in funf Fallen Effustonen
d 1 drex Fillen Blutseren ber den Patienten aufwies
vier von finf Patienten die RAST positiv waren
tden Nasenallergie oder Symptome der Allergie be
achtet AuBerdem befanden sich i den zwer Fallen
Jenigen die emne Flussigl Eay
n schienen Von der oben erorterten Resuliaten dieser
atersuchungen 1st es schwer zu sagen daB die Mutte!
auf
nen in der Schletmhaut des Mutelohrs gegen Milben
ruckzufihren sind
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ages With human matenal, by necessity, only
a scatter of ages can be obtared

MATERIAL AND METHODS

In this tnvestigation 28 outbred aibino labora-
tory gutnea pigs (83 and @ ?) were used, 7
n each of 4 age groups <24 hours, 6 weeks, 3
months and 1 year In each age group the max-
wmum number of ammals from the same hiter
was two

Table I Means and standard deviations of %
number of OHC damaged

Total
OHC1 OHC2 OHC3 OHC

a veranol buffered sol of
1de 71 3%) for 2 1o 3 hours, washed in water

Age
1 day x 021 050 066 04
SD 015 01 01 en
a2days x 0% 24 205 18
SD oM 205 119 106
S0days  x 149 31 49 O
SD 06 13 210 IV
Both cochleae of each ammal were fixed ;n  365days  x 500 643 on 6B
SD 303 349 3% 3D
tetrox-
RESULTS

and dehydrated 1 alcohol (70%) The whole
spiral organ of each cochlea was examuned by
phase contrast microscopy after preparation
by the surface specimen technique (Engstrom
et al, 1966) The spiral organ was removed
from the cochlea by microdissection under a
binocular microscope and mounted 1n sections
on shides Each section was Jabelled according
to 1ts position 1n the cochlea The regular geo-
metnc pattern of harr cells can readily be dis-
cerned under the phase contrast hght micro-
scope The three rows of outer harr cells
(OHC) and the single row of mnner hair cells
(YHC) were mapped for the whole spiral organ
f each ear using the cochleogram described
Coleman (1975) Hair cells were recorded
/s’ damaged if the sensory hairs, the cell nucle
us and the cell membrane had all degenerated
The degeneration of a hair cell results in the
formation of a distinct *phatangeal scar Coch
Jeographs were prepared by dividing each
cochleogram into units of 100 OHC For each
of these units the percentage number of CHC
intact 1n each row was counted and platted
agunst the length of the spiral organ, measured
as cumulative aumber of QHC
In the statistical analysis of the data each
amimal was taken as the basic expenmental
umt, 1¢ the data from the fight and left
ears were averaged so that in each sample
(age group) there were seven independent ob

The means and standard deviations of the
percentage number of OHC damaged per an-
mal are recorded in Table 1 It 1s apparent
from this table that in each age group the loss
of OHC 1s mintmal in the first, or inner ro%
of OHC (OHC 1) In all age groups the lossts
maxtmal 1n the third, or outer row (OHC 3}
with the exception of the &-weeh group 1t
which the maximum loss 1s 1n the second row
(OHC 2) In all the ears studied, at all four
ages, the loss of OHC was greatest towards
the apex of the cochlea

Age <24 hours

In the ammals aged <24 hours the number o
damaged OHC per cochiea ranged from 171
51, the percentage number of OHC damage!
per ammal ranged from 0 34 to 0 685 with
a mean of 0 45% The number of IHC dam
aged per cochlea ranged from 0 to 8, with?

D3 age 3 months

- . s e,

servanons This aveided the problem of deat
ing with correlated observauons within each
sample

Acta Onlanng 48>

0,

Fig | Representauve samples from a cuchle«'s:;
showing damaged hair cells in the cochica of an a®
aged 3 months
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Harr cell loss

D!L age 3 months

—— OHC 1
- OHC 2
- -- OHC3

1
!

+-—TrrrTTTTT T 7T 7T T T T T I T3
o 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
east Cumulative number of ONC APEX

2 Cochleograph of the spiral organ of a 3 month-otd
showing ¢ OHC intact plotted against the length
he spiral organ

10f 27 In all the ears which had some
_ree of IHC loss this loss was m the apical
of the cochlear spiral

. 6 neeks

the amimals aged 6 weeks the number of
maged OHC per cochlea ranged from 52
270 Thus corresponded to a range of 0 939
3 86% per ammmal, with a mean of 1 855%
he average number of damaged 1HC per
lea was 22, with a range of 0 to 7 In
ears this THC loss was confined to the
al turn while 1n 4 ears damaged THC

i+ also found elsewhere in the cochlea

*3 months
he number of damaged OHC 1n the 3-month
1 *s ranged from 96 to 392 per cochlea
'he mean percentage number per ammal in
“ to 3 19% m this age group, with a
- 0f 191% to 5 57% The mean number
damaged THC remained close to that of the
< previous groups at 2 57, with a range of
107 This THC loss was fairly evenly distnb-

uted in most cochleae Fig | shows fourrepre-
sentative samples from a cochleogram of the
left ear of a 3 month old guinea pig It can be
seen that OHC loss 1s greatest in the third row,
with fewer lost from the OHC 2, and none
from the OHC 1 The loss of OHC 1s also
greatest at turns 2-2} and 3-34, with very few
missing nearer the base A typical cochleo-
graph of the ear from a 3 month old antmal 1s
illustrated in Fig 2 It 1s evident that the loss
of OHC 1s maximal at a region near to the
apex, and not at the apical tup uself This
near-apical region of maximum OHC loss 15
typrcal of 3 month and 1 year old ears Fig 3
shows the average cochleograph prepared
from the data from both ears of all the 3 month
old animals The percentage number of OHC
ntact declines at the apical end of the spiral
organ, and this reduction in number 1s most
marked 1n the third row, then the second row,
and 1s least in the first row

Age l year
In the 1 year old animals the number of dam
aged OHC ranged from 127 to 761 pﬂ:m
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Average cochleograph age 3 months

100+ -
. 80
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204 ---oHc3
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BASE Cumulative number of OHC APEX

fig 3 Averge cochleograph from the ears of all the 3
month-old antmals

The mean per ge number d per
anmmal ncreased to 6 28% with a range of
285% to 11 172 The mean number of dam-
aged THC increased from that of the other age
groups 104 1, with a range from 0te 9 Fig 4
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shows a photomicrograph of a surface view
of the spiral organ at a region between tums
23 and 3 The row of THC 1s complete There
1s a single degenerated OHC in the ner row,
5 adjacent scarred OHC and 3 adjacent

Fig 4 Harcelllossn

an animal aged § year be
tween tums 2}-3 of the
spiral organ Note large
number of scans in the
second row of OHC X100



age 1year

sevesesesssnsesse

5 Representative samples from a cochlcogram
ving damaged harr cells 1n the ear of an animal aged
ar

ed OHC in the second row and about 5
itered scars n the third row This degree
hair cell loss 1s common 1n this region of

spiral organ 1n anmimals aged 1 year Even
6-week and 3 month old amimals 6 or more
sacent phalangeal scars are commonly found
ether especially in the outermost row
2 5 shows four samples taken from the
chleogram of the nght ear of a 1 year old amy
1 Agan the loss of hair cells 1s greatest
rther from the spiral modiolus and towards
e apex of the cochlea Fig 6 shows the
erage cochleograph taken from both ears
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of all the ! year old guinea pigs This average
cochleograph differs from that of the 3 month
old amimals in several ways the loss of OHC
1s more advanced and also starts nearer the
base of the cochlea (especially the OHC 3)
In this average cochleograph the near apical
region of OHC loss 1s more apparent, whereas
w Fig 3 the dip which was present 10 many
ears, became obscured 1n the averaging of the
data

Statistical analy sis

The statistical sigmficance of the observed
trend of increase 1n degree of outer har cell
loss with increase 1n age was ascertamed by
Jonckheeres anmalysis of vanance a non
parametnic (distnbution—free) 4 sample test
aganst ordered alternatives (Jonckheere
1954) This test gave a value of §=252 p=
<0 000001 for sample sizes m=7 This result
15 very highly significant the four samples
differ with the means occurmnng 1n a specific
monotomc order with age The four samples
were non homoscedastic 1€ they had non
equal vanances In fact the vamance and
hence the standard deviations increased with
ncrease 1 age (Table I)

Average cochleograph age t year

100
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6o
40
—— oKe1
oue 2
20 OHC 3
ST T T T T T T T T
° 200 400 €00 800 1000 1200 1400 1600 1800 2000 2200 2400
BASE Cumulat ve numter of OHC arEx
& 6 Average cochleograph from the ears of all the
year-old an mals -
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Fig 7 The percentage number of OHC damaged per
ammal with means and meanststandard deviations
plotied agarnst age

The closest fit to a hinear relationship be-
tween age (measured n days) and mean per-
centage number of OHC damaged was ob-
tained by plotting both vanables on loganth-
mic scales In Fig 7 the percentage number of
OHC damaged per amimal ss plotted against
age, using loganthmic scales for both abscissa
and ordinate Included on this graph are the
means and meanststandard deviations of
the ¢ OHC damaged per age group, and a ltne
estimated by linear regression analysts of the

Jonchheere's test was used again to ascer
tamn whether the apparent increase in degree
of outer hair cell loss from row | to row 2
to row 3 was a real one tn the group of 1 year
old ammals The result was significant $=$9
p=003, for sample sizes m=7

DISCUSSION

The results of this investigation show that
degeneration and loss of outer harr cells corr
mences at, or before, the time of partuntion
n the guinea pig This loss of OHC continues
at a deceleraung rate, as a power function o
age (eq 2) In many guinea pigs aged only &
weeks or 3 months there 15 often a con
siderable degree of OHC loss In contrast,
degenerated inner hair cells are much less fre
quent, especially in ammals aged 3 months of
less Federspil (1972) used the surface spec-
men techmque to study the normal pattert
of hair cells in the spiral organs of 2 month
old guinea pigs He found OHC loss was great
est at the apex where 1t reached an average
of 108¢% Ulehlova (1973) used the same

hnique to study p d gurnea pigs aged

data The coefficient of product- cor-
ation was calculated for log values of mean
'Jham:xge and log values of age, which gave
»=0997, p=0002 for 2 degrees of freedom
Thus the degree of outer hair cell loss (mean
€& damaged) increases as a power function of
age
A hnear regression analysis was conducted
on the log values of mean ¢ OHC damaged
per sample, and log values of age, to deter-
mine the straight line which best represents
the observed data The resulting regression
line of *best fit 1s included in Fig 7 The line
ts described by the equation
logy=—0382+0453logx (0]
where y =% OHC damaged x=age. measured
i days The ¢ OHC damaged can therefore
be descnbed as a power function of age ac
cording to the equation

3=0 41550 [}
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6weeks and 3 years In the 6-weeh old ammals
an average of 0 73 of OHC were found d¢
generated, and in the 3 year old ammals
8 59% The gumnea pigs used n the present
study suffered a greater degree of harr cell loss
than that described 1n the earher reports 20
overall average of 1 857 of OHC damaged per
cochlea was found at the age of 6 wechs Fe-
derspil and Ulehlova both desenbed maumal
hair cell loss at the apex of the cochlea Is
many of the ammals studied here, the position
of maximal loss was at a near-apical region
{Figs 2,6)

Covell & Rogers (1957) used senal section
ing 10 study the conditron of the ears of guinca
pigs between the ages of 2 and 4} years The
mam feature of these ears was loss of spiral
ganglion cells and penipheral nenve fibres at
the apex of the cochlea These authors failed
to detect changes tn the spiral organ unt!



1 degeneration had reached an advanced
*=  mcrophome (CM) and action po-
ral (AP) responses recorded from the
* window have been reported to be con
Iy reduced 1n aged guinea pigs (Pesta-
etal , 1957) However, 1t 1s unlihely that
reduction was due to loss of hair cells,
he techmque which these workers used
only sensiive to bio-electnc signals
1 the lower half of the basal turn of the
alea, where haw cell loss was probably
shght Crowley and associates (1972)
.ured CM and AP responses to loud
from the round windows of rats aged I,
12, 18 and 24 months CM sensitivity
«d a peak at the age of 12 months, and
» declined 1n older antmals AP sensiivity
amed farly constant up to 12 months,
then also declined 1n older animals Loss
mner and outer hair cells increased with
and was consistent with the changes in
and AP senstivity However, as Crow-
points out loss of hair cells may have
<1 one of many factors contnbuting to the
* changes in auditory evoked re
onses
According to Heffrer et al (1971) guinea
~ show a detenoration in heanng threshold
nsitivity to all sound frequencies with n
ease 1n age as determuned by behavioura!
metry
The near apical loss of outer hair cells and
wtitrveh degiee of veme b TR YOS Thguten
igs differs markedly from the pattern of
cell loss charactenistic of human ears
ip (1968) and Johnsson & Hawkmins
1972) found that 1n aged patients OHC loss
as maximal at the base and at the apex of
cochlea 1n most ears while tn some ears
HC loss was fairly diffuse THC loss was
10 occur mamly in the basal turn and
«s Invanably associated with loss of pe
nerve fibres
In 2 survey of the lterature between
- ® and 1972 Falk and associates (1973)
luded that o0 often workers failed to
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examine controls adequately when using the
surface specimen techmque The need to
use adequate controls 1s further emphasised
by the present observation that hair cell loss
1s often quite marked, even 1n young ammals
There 1s also a considerable amount of inter-
stramn, and perhaps also inter-stock vanation
1 the normal pattern of sensory hair cells in
guinea pigs of different ages (cf Federspil,
1972, Ulehlova, 1973)
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ZUSAMMENFASSUNG
Die Oy wurden
benutzt um die bewden Coms:hen Organe ber 28 nor
malen A hen 1n vier zu uber

prufen 7am Alter von <24 Stunden 7 1m Alter von 6
Wochen 7 1m Alter von 3 Monaten und 7 1m Alter von
1 Jahr Die Zahl der geschadigten Haarzellen wurde ber
sedem ganzen Cortischen Organ aufgezeichnet Ber <24
Stunden alten betrug der
der geschadigten auBeren Haarzellen 045 ba 6
Wochen alten Meerschweinchen 1,85 ber 3 Monaten
alten Meerschwemchen 3 19¢% und bex 1 Jahr alten Meer
schweinchen 682°% In allen Altersgruppen war die
Hochstzahl der fehlenden auBeren Haarzellen in der
dntten Rethe und pegen die Spitze des Cochleas Der
Schwund an mnneren Haarzellen was sehr genng Die
der inneren pro
Cochlea war 9
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EFFERENT NERVE FIBERS ASSOCIATED WITH THE OUTERMOST
SUPPORTING CELLS OF THE ORGAN OF CORTI
IN THE GUINEA PIG

C G Wrightand R E Preston

From the Kresge Hearing Research Institute Department of Otorhinolary ngolog)
Unwversity of Michigan Medical School Ann Arbor Mich USA

(Recewved August 7 1975)

stract In whole mount preparauons of the organ of
orti nerve fibers are sometimes seen penpheral to the
trd row outer hair cells where they appear to wander
ong the Hensen cells These fibers were studied
€ guinea pig by both light and electron mucroscopy In
¢ upper second third and fourth cochlear turns nerve
bers were scen between and on the penpheral side of
e thurd row Deiters cells as well 25 1n the floor of the
uter tunnel space They were not found in the tnter
llular spaces between the Hensen cells These nerve
bers are continuous with the spiral efferent fibers be
eath the outer hair cells Also their ul and

mouse, Kolmer (1927) found isolated nerve
bundles ‘ between” the Hensen cells

More recently, Engstrom et al (1966) ob
served nerve fibers stamed by the ZIO tech
nique n the floor of the outer tunnel space
of guinea pigs They speculated that such fi-
bers might be autonomic 1n nature On the
other hand, Iurato & Smith {1973) noted ace

1stochemscal charactenstics indicate that they are ef

rent neural elements This identfication was confirmed
¥y the finding that they degenerate following interruption
£the oltvo-cochlear bundle in the brain stem

unng the course of a recent study concerning
he cochlear efferent nerve supply in the

1nea pig, fine, beaded nerve fibers were seen
n The neigibornood of the tensen celis
Wright & Preston, 1973) These fibers were
resent yn the upper turns of the organ of Corti
ind had been darkly staned by the zinc 10-
1de-osmic acid (Z10) method

Occasional mention has been made of such
tbers m a varnety of amimals since the early
1900s In 1901 Kishi descnbed nerve fasci
cles lying peripheral to the outermost row of
Deiters cells under the Hensen cells of the
rabbit In well stained preparations from the

Support for this work was provided by the Deafness
Research Foundation NINDS USPHS Research Grant
05065 and Program Project Grant 05785

tylchol ase posiive fibers among the
Hensen cells of the guinea pig and concluded
that they were part of the efferent nerve
supply

The present study was undertaken to pro-
vide more positive identification of these
neural elements and to clanify their anatomical
relationship to the cells on the peniphery of
the argan of Conts w the QURR VL

METHODS

The light and electron mucroscopic observa
tions presented in this report were made on
cochlear tissue obtained from young guinea
pigs (200-300 gm) Fourteen ammals received
bramn stem lesions designed to interrupt the
efferent nerve supply to the inner ear Eleven
of these were mudline lestons which severed
the crossed olvo-cochlear bundle and three
were lateral lesions which successfully cut
both the crossed and uncrossed portions of
the efferent system



Var R W

AR =

Fig 1 Light micrographs of Z10-stamned nerve fibers
{arrows) coursing near the Hensen cells i the upper third
turn of the guinca pig cochlea (a) Thick sectron (1 )
showtng a nerve fiber with a meandenng course adacent

Except for one ammal with a 48-hour sur-
vival time which was studied by electron
UCTOSCOPY. the expennmental ammals were
permitted to survive for penods of 8 to 41
days 1n order to allow sufficient time for max-
imum degenerationt of efferent neural efements
1 the organ of Cortt The survaval umes al-
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to the Hensen cells, which contain osmiophiie b
dropliets (b} Simlar fiter i a whofe mount preparae?
1n which nerve endings beneath the three rows G
harr cells (1 2 3) are visible

lowed each of the ammals are shown n

Table 1
Cochlear tissue from 13 of the abovc ant

mals and from normal, unoperated U
pigs was stamned by the zinc 10dide-osmc 3¢
methed for study by light micrascopy. The
procedures used for the bram stem Jes1ons,



Table |

Postoperative Number of animals
Survival ume Midhine Lateral
{days) Testons lesions
2 1 -
8 - 1

'IO 2 -
1 2 1
18 1 -

121 - 1

28 2 -

t 30 40 41 lea -

f histological controls, and nerve staiming are

descnbed 1n a previous publication (Wrght &
Preston, 1973)

" Electron mucroscopic observations were
made on fragments of the organ of Cort: from
3 normal gunea pigs and from one of the ex-
perimental animals which had a midhine lesion

i with postoperative survival time of 48 hours

! The ussue was prepared for electron micro
scopy according te the methods given n the
article cited above

RESULTS

In whole mount preparations of the organ of
Corts stained by the Z10 method, nerve fibers
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can sometimes be seen in a location penipheral
to the third row of outer hair cells These
fibers are usually found faily close to the
basilar membrane at about the level of the
floor of the outer tunnel space As illustrated
m Fig 1, they often appear to be wandenng
among the Hensen cells They are present
only in the upper second, third, and aprwcal
cachlear turns of the guinea pig

When carefully traced these fibers can be
found to be continuous with the spiral efferent
nerve fibers beneath the outer hair cells They
are formed by multiple branches and arcades
extending outward from the fibers under the
hair cells In most cases they are elaborations
of the innervation assoctated with the third
row hair cells However, some are extensions
of fibers beneath the first or second row of
hair cells

The density of the innervation n the
neighborhood of the Hensen cells vanes con-
siderably from one amimal to another In some
cases only occasional nerve fibers are seen,
1n others, an almost plexus Itke arrangement
of many fine fibers 15 present as shown m
Fig 2

Study of radial sections of the organ of Corts
by both Iight and electron microscopy has
helped to clanfy the relationship of the nerve

Fig 2 ZI0 stamed nerve fibers (arrows) extending into
the neighborhood of the Hensen cells in the lower apical
tum SE spiral efferent fibers beneath cuter hasr cells



Fig 3 Diagrmm by Held {1926y showing supporting cells
of the organ of Corts The shape and position of the trd

De ters Cats
Towsl T

are drawn in a highly schematic fashion “The terms ou
Process and inner process correspond 1o the Germs
A

row Deiters cells are cleatly depicted in thys )
Tll\t Hensen cells fike the tnlbelled inaer sulcus ceils

. erstothe outermost supporting cells of the
“cochlear receptor In the vpper wrns, the
vphalangeal processes of the third-row Deiters
cells arch outward against the innermast Hep-
sen cells to form the peripheral boundary of
the outer tunnel space Also, the bulk of the
cell body of each Deuters celf 15 Situated per-
pheral to the harr cells of the 1hird row  The
close anatomical relatmnsh:p of the outermost

LS JLiatonsiup has been confirmed with the
electron microscope by Engstrom & Wersaly
{1958) and by lurato ¢ 1961

We found that nerve fibers are present not
only  the floor of the outer 1unpe) but alsa
run between the third row Deuters cells (o
reach the wntercellular spaces between the
Detters and Hensen cells We have ngc ob-
served them penpheral to this pornyt | e with-
in the antercellular spaces between the Hen

Atta Ot during 8>

(e 1geert and funenschnabel (1 1
beak)

sen cells themselves Rather, they are located
between and on both the modrolar and pen
pheral sides of the Dexters cells of the thied
fow  The locatton of the nerve fibers Wit
fespect to the supporting cells 15 best demon
strated by electron microscopy and s illx
strated in the micrographs shown i fig ¢
The nerve fibers near the penphery of the
organ of Cartr are posimively stained by both
the ZIO and acetylcholinesterase methods
(Wright & Preston, 1973, furato & Smith
1973, which ndicates that they belong (0 the
efferent nerve supply. Their efferent nature
“as verfied tn the present study by the findire
that they degenerate after the efferentinnena
tion s surgically interrupted tn the bram stem
In the three antmals we studied which had
successful lateral brainstem lesions that sev
ered both components of the cochlear efferent
nenve suppls. no normal efferent neural tie
ments were found 1n the organ of Coru 1o
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Fig 4 Electron mucrographs showmg nerve fhers
(arrows) 1n the floor of the outer tunnel space (5) and 1n
the intercellular spaces between the third row Deiters

these ammals no nerve fibers could be found
1t the region of the outer tunnel by hght micro
scopy Whole mount preparations from guinea
pigs which had recetved mudhine lesions
showed a defimite reduction 1n the number of
fibers present in thus region The electron
micrograph shown mn Fig 5 illustrates a de
generating fiber located adjacent to 2 Hensen
cell tn an antmal killed 48 hours after a midhine
brain stem lesion It should be noted that in

cells and Hensen cells (5 and b) OFC third row outer
harr cell 7 outer tunnel DC De ters cell HC Hensen
cell

animals with midline lesions a few normal
appearing fibers were seen m the outer tunnel
region evenat survival titnes of 40 and 41 days

Electron microscopic study revealed no
evidence of symaptic contacts formed by
these outermost fibers with erther the Dexters
or Hensen cells The fibers do however dis
play many vesiculated swellings along therr
length which are charactenstic of efferent
neural elements inside the organ of

-

S
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Fig 5 Degenerating efferent nerve fiber (arrow ) adjacent
to Hensen cells (HC) Ths fiber was found in an ammal

DISCUSSION

When studied by hght microscopy n whole
mount preparations, the nerve fibers de-
scnbed tn this report often appear to be cours-
1ng among the Hensen cells However, exam-
tnation of radial sections by both light and
ectron microscopy shows that such fibers
& actually more closely associated with the
* third row of Deiters cells, they have not been
found to enter the ntercellular spaces be-
tween the Hensen cells
These nerve fibers were found to degener-
ate following interruption of the cochlear
efferent nerve supply in the brain stem If
both the crossed and uncrossed portions of
the efferent innervation were ncluded tn the
lesion, there was a total disappearance of the
fibers normally seen near the Hensen cells
On the other hand, if only the crossed olivo
cochlear bundle was cut there was a reduc-
nion 1n the number of these fibers but not 2
complete disappearance These findings inds
cate that both components of the efferent
system supply nerve fibers which reach the
area of the outer tunne! space 1n guinea pigs
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killed 48 hours after a mudhne bramstem lesion OO
Derters cell

In an earlier investigation of the distnbuticd
of the efferent nerve supply to the outer har
cells 1t was found that the efferent fibers are
orented predommately 1n a spiral fashton 1
the upper half of the gumnea pigs cochlea
(Wnight & Preston, 1973) These spiral fibers
tend to wander freely back and forth between
the three rows of Deiters cells as they a
proach their termnations on the hr eels
Since the Deiters celis of the third row ¢
situated quite far penpherally, mn close rel
tion to the Hensen cells, the efferent neurd
elements assocrated with these cells would
tend to be displaced outward to a position
penpheral to the third row of outer hair cells
The efferent nenve supply of the lower coch
lear turns ts distributed to the outer hair cells
n a radial manner so that the nerve fibers
approach the har cells more directly and
without a spiral course among the Deifers
cells These differences tn the pattern of
distnbution of efferent nerve fibers to the
outer hair cells of the upper and lower po?
tions of the organ of Corti may account forthe
fact that nerve fibers are not seen sn the negh



rbarhood of the Hensen cells in the basal coch
tlear turns

The 1dea that the presence of nerve fibers
l between the supporting cells on the penphery
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seite verliefen sowse am Boden des auSeren Tunnel
raumes Si¢ wurden micht in den mterzellularen Raumen
zwischen den Hensenschen Zellen gefunden Diese
Nervenfasern gehen uber 1n efferente Sprralfasern unter
den auBeren Haarzellen Ihre ultrastrukturellen und

of the organ of Corts may be d on
» purely morphological grounds 1s m harmony
» with the fact that no evidence of functional
contacts made by these fibers could be found

It seems quite unlikely that any autonomic

! sympathetic fibers are present near the periph
eral edge of the organ of Cort1 as suggested
n 1966 by Engstrom et al since subsequent

| fluorescence studies have falled to reveal any
adrenergic nerves inside the organ of Corti

| (Terayama et al , 1966, Ross 1971, Densert,
1974)

The finding that the ZIO stamed fibers seen
by light mucroscopy are efferent does not, of
course preclude the possibility that some
afferent fibers may also be present in the
viciuty of the outer tunnel as postulated by
Smuth & Haglan (1973) Due to the selectivity
of the ZIO stain, unmyehnated afferent fibers
are not visible 1 the hight microscope and
with the electron microscope 1t 1s often diffi
cult to distingwish afferent from efferent fibers
Therefore the question of whether afferent
fibers have extensions peripheral to the third
row outer hair cells must remain open
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ZUSAMMENFASSUNG

In Flachenpraparaten des Cortischen Organs konnen
manchmal an der penpheren Seite der 2uBeren Haarzel
len der dntten Rethe Nervenfasern beobachtet werden
die zwischen den Hensenschen Zellen zu verlaufen
schenen  Diese Fasemn wurden 1m  Meerschwem
chen licht und elektronenmekroskoprsch untersucht In
der oberen zwerten der dnitten und der vierten Windung
wurden Fasern beobachtet die zwischen den Derter
schen Zellen der dntten Reihe und entlang deren Aussen

wessen  ebenfalls

darauf hin daB es sich um efferente Nervenelemente

handelt Diese Idennfizterung wurde durch die Beobach

tung bestatigt daB ste nach Unterbrechung des olivo-
Bundels m
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HISTO PHYSIOLOGICAL RELATIONSHIPS IN THE DEAF
WHITE CAT AUDITORY SYSTEM

G Rebillard, M Rebillard, E Carlier and R Pujol

From the Laboratory of Sensory Neurophysiology Unn ersity of Provence
Marsedle France

(Recerved August4 1975)

Abstract  An investigation 1s underway in deaf white
cats in order to clear up some problems about the uming
of cochlear degeneration the relationships between
physiological and histological findings and the con
sequenual state of central auditory pathways The first
results reported here show that degeneration of sensory
structures was much more advanced than phystological
results lead us to believe The possibility of direct fibre

) 15 Although of nerv
ous structures was delayed compared with sensory
ones some carly abnormahties tn mychnation were
found In the adult completely deaf for years the elec
tncal stimulaton of cochlear nucler evoked normal
looking field responses at the cortical level Thus some
degree of auditory pathway functional imegnty appeared
even long after they were disconnected from receptors

1) .

+ Hereditary has d s
for years Alexander (1900) first reported a
degenerative process of the cochlea as a main
feature of this syndrome The cochlea seems
to mature quite normally and often animals
can hear, then it degenerates and they become
deaf Among numerous papers, we can cite
some on a vanety of mutant mouses (Grune-
berg et al , 1940, Deol 1954 1956, Mikaehan
et al, 1965, 1974, Kikucht & Hilding, 1965,
1967) Simlar hereditary defects of heanng
are frequently d with f
disorders such as a white coat or blue eyes
That kind of abnormalty has been descnbed
for the mink (Hilding et a! 1967 Sugwra &

Supported by grants from INSERM (ATP 67417

CNRS (ATP 1422) and DGRST (AC BRD)

t Through the Centre Régional d Elevage et de Production
d Arumaut de Laboratoire du CNRS (13790 ~ Rousset)
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Hilding, 1970), the dog (Anderson etal , 196
Suga & Hattler, 1970) Even m man the
Waardenburg s syndrome can be related @
that matter (Waardenburg, 1951) But the most
widely recognized species affected by this
genetic impairment 1s the white cat Detatls
on documentation can be found in the mat
papers of Bosher & Hallpike (1965), Suga &
Hattler (1970), West & Harnison (1973) and
Marc (1973a, b ¢, &)

In spuite of this relatively large amount of
data, there ts still a lack of information abou!
the cntical stages of cochlear mvolution and
the prectse histo physiological refanonships
especially 1n the degenetating kitten not ¢!
completely deaf Another problem arses 1
the adult white cat, with the neural auditoty
pathways residual state, long after they have
been d d from the prors The
present paper gives the first results of an 00
going study n an attempt to elucidate these
problems

MATERIAL AND METHODS

A pure stram of deaf white cat has been /¢
cently selected! and some of these ammals
have been taken for present investigations 3
adults and 3 few month old kuttens)

After hearing tests were used in order ©
determine complete or partial deafness, cats
were anesthetized by sntrapenitoneal ijection
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vere tentatively recorded 1n the mfenor col-
iculus and at the cortical level, after a large
xposure of auditory areas Acoustic stimula-
non consisted of chicks or pure tones emitted
monolateraly by a B & K 1 inch microphone
or a Lanstng loudspeaker connected to the ear
bars of the pp! S dly,
when no physiological responses were found,

ng cells The only clearly recognizable struc
tures were tectonal membrane and Reissner’s
membrane plastered against the stria vascu

lans, the promontory and the remammng
Cortr’s organ On the other hand, left cochlea,
t e the snll heanng one, was 1n a better stage
of preservation especially at the apex (Fig 2)

There, the cochlear ductus was sull open,
while at the base (Fig 3) it had completely

electrical 1 of the hlear nucler

was used and evoked potentials were record
ed at the cortical level

Histological techmques began by in wne
fixaton of the cochlea, using osmum tetrox
ide After dissection of the temporal bones,
cochleas were plunged 1nto fixator fluid for 90
minutes Embedding 1n Epon or Spurr resin
was done using the vacuum techmgue em
ployed by Spoendlin (1975) With a Rerchert
OMU II microtome, transverse sections were
made at vanous levels of the cochlea Serm
thin sections were examuned with a Reichert
Zetopan microscope, after Toludine blue
staimng ot without staining for the Nomarski
contrast Thin sections mounted on Form
var coated girds and counterstamed with
uranyl acetate and lead citrate, were checked
with a Philips 300 electronmicroscope

RESULTS
Cats with incomplete deafness
Two out of the 3 kittens we investigated
showed remnent hearing responses The most
mteresting one was a 4 month-old com-
pletely deaf on the night side, but sull heanng
on the left As a matter of fact 1t would be
better to talk about poor heanng as re
sponses could be elicited only by intense
sounds {(above 75 dB) and for fr

11 d as on the other side (¢f Fig 1)
Nevertheless, along the whole cochlea the
sensory receptors were rather severely de
generated The best image of what could be
an 1nner hair cell and a tunnel of Cort1 15 seen
m Fig 4 No recogmzable structure whatso
ever was found at the outer hair cell levet
(Fig 5) With regard to neural elements inside
the cochlea the first approach showed a well
preserved spiral ganghon with afferent and
efferent myelinated fibres (Fig 6) and quite
normal lamtna spiralss fibres (Fig 4)

Electron microscopy findings first con-
firmed the hight microscopy results Precisions
were given as 10 stnia vascularis degeneration
An example 1s seen m Fig 7 where the stnia
of the left heanng cochlea appeared rather
abnormal with two very thin layers of cells and
a poor vasculansaton In companson, the
stna on the deaf side (Fig 8) had only one
layer of cells and 1t was covered by Reissner’s
membrane closely apposed to 1ts surface This
double-layer membrane was found to be
similarly adhering to the remaimng sensory or
supporting cells (Figs 9, 10)

The most nteresung results are those con
cerming neural elements at the level of the left
cochlea Neurons in the spiral ganghon ap
peared normal at any level of that heanng
cochlea (Fig 11) wath the charactenstic mye
Im sheaths (Fig 12) But when checking nerv
ous fibres inside the lamtna spiralis of which

ranging from 300 to 3000 Hz

Light mucroscopy obsenanons of that am
mal showed a completely degenerated cochlea
on the nght side (Fig 1) with absent sensory
or neural elements and disorganized support

4 7695

most are p Y a surpnsing number
of non myehnated fibres was noted (Fig 13)
As no degenerated matenal appeared, those
fibres seemed to have never been myelinated
atall

Another striking feature was found n the

Acra Orolaryppol 8
oy



50 "G Rebillard éf al

.~ - -

Fig 1 Deaf cochlea tright) from 4 4 month-old kiten
Cochlear degeneration 1s toLal with collapse of Rerssner s
membrane (arron 3) on vestigal sensory and supporting
structures  Tectonal membrane snd spiral vessel are
viable Semi then Nomank: x1%0

“fs

/ "’l
S

Frg 2 Ugpper portion of the left heanng couhled froma
4 monthold hitten Notice the cochtear dugtus stll eped
(c d ) and the great disorgamzation of sensony structures
Sem thin Tolurdine blue staming X 150
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Fig 3 Lower portion of the same cochlea Astwn Fig 1

Retssner s merabrane 1s apphied on stna and Corts s organ
cochlear ductus 15 no longer seen Sem: thirn  Tolwdine
blue staning X150

Fig 4 One of the best preserved harr cells (inner one

marked by arrow) found on the Ieft cochlea Tunnel of
Corti (+C) 15 stll recogmzable Notice the normal

looking fibres inside the lamina spiralis Semi thn No-
marski X600

Fig 5 Level of outer harr cells of the same portion of
the cochlea Degeneration is much more advanced Sem

thia Nomarsks X600

Fig 6 Spiral ganglion of the left heanng cochlea from
a 4 month old kitten Nouce the myehination of neurons
and of afferent and efferent (arrows) fibres Sem thin

Nomarsks %240

Fig 7 Stna vasculans from the left heanng cochlea of
a 4 moath ofld cat  Atrophy 18 noticeable especially at
the inner layer level Blood vessels (v) appeared less
numerous than normally X3 200

Fig 8 Stna vasculans from an adult deaf white cat
Atrophy 1s total wath only one cell layer Reissners
membrane {outhned by arrows) has collapsed aganst
sta Cochlear ductus no longer exists x6900

Figs 9 and 10 Vestgal structures of Corti's organ
from an adult deaf white cat at the level of outer har
cells (9) and Boetichers cells (70) Nouce Reissner’s
membrane (between arrows) lymg aganst those struc
tures X6900

Acts Opoharyngol £2
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Fgs 111016 Electron micrographs f om the left heanng
cochlea of a 4 th-old k en GI

ac d f xaton
F g 11 Normal look ng sp ral gangl on neurons and satel

Lte gl al cell (g) x3200
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Fg 12 Hgh magnfcaton of myeln sheath a ound
sp ral gangl on neurons g nd cates a gl al cell X 18000
Fg 13 Bundle of fbres ns de the lam na sp ral s Some
are well myel nated others not at all except p omyel f
Iamellac (2~ ows) x10000
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Fig 17 Adult deaf white cat Field-evoked potentaals in
response to efectncal sumulanon of cochlear nucter
Note the normat looking forms and lstencies at pnmary

bundle of fibres reaching the degenerated
Corts’s organ after they passed through the
habenula perforata There, although no re-
cognizable sensory hawr cells were distin
guwished, the number of fibres present was
much greater than in normal preparations
(Figs 14, 15) Some of these fibres appeared
branched and others were filled with micro-
vesicles (Fig 16)

Adult whute cats with total deafness

When a bilateral complete deafness was found,
1¢e, the impossibility of recording any poten-
ual after sound stimulation, ammals were

[

<Y

(4) 2nd extra pnmary areas (EP 55) No responses were
TeCorded 1 somesthetic (5} or postenor suprasyivian
(P5$) areas Positivity upwards

tested by applymng an electrical stumulation to
the first relay nucler of the auditory pathway,
1€ cochlear nucler This sumulation evoked
field responses at a cortical level m the deaf
caty that looked very sumslar to those i the
control, normal-heanng ones Those responses
(Fig 17) appeared only i1n the pnmary or
extra pnmary areas, excluding other regions
Itke somesthetc or visual ones Therr forms
and latencies varymng with the Jocation were
also quite normal for example, 2 mamly post-
tve response 10 the Al cortex with a2 8 ms
latency, and a negative response 1n the supra
sylvian gyrus, with a 15 ms latency

The histology of such antmals has not been

Figs 14 and 15 Nerve endings below vesugial hasr cells
(hc) Nonce the great number of fibres some of them
appeanng branched x6800(14) x 10000 (15)

Fig 16 Highmagnification of nerve endings A vesiculated
one 1s marked by arrows p idicates a vestigial pillar of
Corti %20000
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pletely studied Only cochlear prepara-
uons were investigated, showing sensory and
netral degeneration hike the one previously
described on the non heanng side of a kitten
(cf Figs 1, 8,9, 10) No preparation of the
brain structures has yet been checked
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DISCUSSION

Cnitical stages of cochlear degeneration

The sequence of degeneration of otic struc
tures has tentatively been descnibed by many
authors However descriptions vary so much
that 1t seems difficult to talk about a general
process of involutton For example 1n the
mutant mice that process 1s said to begin at the
level of the organ of Cort: (Deol 1956) the
stria vasculans (Gruneberg et al 1940 the
spiral ganglion (Deol 1954} the spiral vessel
{kikuch: & Hilding 1967) and even at the
level of the tectonal membrane (Deol 1954)

In the white cat (Wilson & Kane 1959) asn
the Hedlund white mink (Hilding et al  1967)

the primary factor of atrophy 1s assumed to
be a failure 1n endolymph formation n that
respect degeneration of the strin vasculans
and sagging of Reissner s membrane are con

sidered as the earliest occurring abnormalities
(Bosher & Hallpike 1965)

From the observations reported here it 1s
1mpossible to give a definitive sequence but
several facts can be pomnted out First the
degeneration of sensory cells may not be the
earliest phenomenon but 1s seems to happen
very early at a stage when the cochlear ductus
1s still wide open (see Fig 2) As 1s generally
assumed (Mamr 1973c¢) the atrophy affects
outer hair cells before the inner ones Then
the tectonal membrane and spiral vessel de
generation does not appear as a drastic phase
since those structures can be found several
months or years after completion of the in
volutive process The last pont 1s about
neural structures There 1s no doubt about a
delayed degeneration of fibres and of spiral
ganghon neurons (Mair 1973d) but one must
keep in mind the unmyelnated fibres found
n the early stages (see Fig 9) If we cannot
consider that as degeneration we must talk
about a pnmitive atrophy of nervous ele
ments To conclude on this very controver
s1al pont one can ture to genetics The syn
drome causing white fur and deafness results
from a dorminant autosomal gene appeanng on

A 9Oola agol82

structures developing from the neural crest
(Bergsma & Brown 1971 Brown & Chung
1971) Then 1t s not too surpnsing to find the
abnormality occurning at the same time at the
level of pigmented cells of stna as well as in
ghal cells

The timing of cochlear mvolution m the
white cat i1s another problem not yet com
pletely cleared up Bosher & Hallpthe (1965)
who studied a total of 58 abnormal kittens
gave the best approximation They think the
volutive process begins as early as 5 post
natal days and ts virtually complete by the
21st day From the other available data
things do not appear so clearly Mair (1973¢)
agrees with an early beginning at the end of
the first week but he states that degenera
tion 1s progressive throughout the ammals
life span With the very few ammals we have
investigated up to now it seems difficult to
opt for one or the other theory but we tend
towards a very vanable process which can
i some cases be as short as 2 or 3 weeks
and may last several months in others An
other hypothesis could be a degencration
more or less complete depending on the ant
mals even on the ear of the same cat In that
case the vaniety of involutive stages descnbed
would be only the different Linds of termunal
features

Anatomo funcuonal relationships

Whatever the tmung of the tvolutive process
may be there 1s no doubt about the functional
possibilities of abnormal white hittens before
they reach the complete deaf stage Further
more If the date of first abnormalities 15 taken
into account that 1s at 5 or 6 days (Bosher
& Hallptke 1965 Mair 1973¢) 1t ts possible
to say that kittens have normal heaning for 2
week since onset of auditory funcuon m this
ammal has been described around birth (Pusol
& Marty 1970 Pujol & Hilding 1973}

After the degeneration has begun precise
relatonships have to be made between what
remains from heanng abthities and the cochlear
structures  Some data underhned the con
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rdance between the early d of
« basal portion of the cochlea and the lack
of sensitivity concerning first high frequency
tones (Suga & Hattler, 1970) Apparently our
results concur wath this thesis as gross morph-
ology and physiology were corvelated But, we
must keep 1 mind that, wherever 1t was along
a cochlear partition, a normal-looking sensory
structure was not found to be related to po
tentials

This last pomnt opens a new discussion

about which structures are responsible for
residual hearing abiines Are there still some
functional inner hair cells like the one shown
m Fig 47 To confirm this hypothesis one
needs a more sophisticated preparation of
the cochlea, Like the one descnbed by
Spoendiin (1972) and Spoendhin & Brun (1973)

in the meantime, with regard to some of our
results on nervous endsngs inside the degener

ated cochlea. the idea of Suga & Hattler
(1970) about some direct stimulation of neural

1 by h 1 displ cannot
be rejected Qur findings clearly mdicated the
presence of fibres, even more numerous than
usual, at a quite degenerated cochlear level

Some efferent vesiculated endings found at
the same place could mark a working stage of
such fibres deprived of normal junctions with
hair cells

Consequential state of deafferented

auditory pathways

These very first results reported on the audy-
tory pathway electncal stmulauon in deaf
white cats allow us to consider some 1ntegrnity
of neural circuttry, long after 1t was discon-
nected from receptors On that pont, one of
the few available data was presented by West
& Hamson (1973) They indicated, in the
adult deaf white cat, a hight transneuronal
degeneration n the form of reduced cell size,
i the ventral cochiear nucleus and the su
penor ohvary complex As far as we know
nothing has been done at the cortical level
Of course, normal field responses do not mean
complete integnty of structures and one needs

more h laswellas phy
mformations However, the question 1s stll
open about a functional significance of that
arcutry early out of service Is it non-func-
tional at all or partly recuperated by some
other sensation in the case of bilateral deaf-
ness, or by controlateral auditory information
when deafness 1s monotaterat”

These are some of the problems we are now
trying to deal with, both in deaf winte cats and
1n normal ones deafferented soon after birth
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RESUME

Une etude est entrepnse sur les chats blancs et sourds
dans le but dapporter des précisions sur certans pro-
blemes comme les differentes phases de Ja degener
escence hi les £

nelles de cette degénerescence et le devenir des vores
et des centres audinfs Les premuers resultats montrent
que dans centamns cas la degenerescence des structures
sensonelles est bien plus avancee que les résultats phy
siologiques e le [assaient prevoir La possibilite d une
stumulation directe des fibres nerveuses est discutee Bien
que la degenerescence des elements nerveux soit poste

neure A celle des structures sensonelles on trouve des
le début une myelmsation anormale des fibres ntra

cochleaires Chez |adulte complétement sourd deputs
des années la sumulabion electnque des noyaux coch

leaires evoque des reponses apparemment normales
au niveau cortical Amsi se manifeste une certaine inte

gnte fonctionnelle des voles auditives longtemps aprés
Ia muse hors service des recepteurs

ZUSAMMENFASSUNG

Zahireiche Arbewten uber die congentate Taubhest der
weBen Katze wurden bereits veroffenthcht es bleiben
Jedoch noch mehrere ungeloste Probleme Dhe vorfiegende
Arbert enthalt erige Beobachtungen uber die Involution
der Cochlea ber der yungen Katze Selbst in Fallen
weichen das Cornsche Organ schon wengehend degene
niert war Konnten wir oft betrachtiiche Funknonsreste
feststellen Die Moghichkest einer direkien Reizung der
noch intakien cochlearen Nervenzellen wird diskutiert
Eine wentgehende Erbattung der Horbahn wurde bet
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schon seit mehreren Jahren sollig tauben erwachsenen

Tieren muttels elektnscher Reizung der cochlearen Kerne
aufgezept
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INTERCELLULAR JUNCTIONS IN THE ORGAN OF CORTI AS
REVEALED BY FREEZE FRACTURING

S lurato,! K Franke,?L Luciano,*G Wermbter,?
E Pannese*and E Reale®

From the 'Depariment of Bioacoustics of the University of Bart Italy the *ENT Clinic and
the *Laboratory of Electron Microscopy Department of Anatomy School of Medicine
Hannover FRG and the ‘Second Institute of Human Anatomy Unrversity of Milan Italy

(Received September 29 1975)

Abstract  The junctions between the cells of the organ
of Corti have been investigated with the freeze fracture
method 1n the chinchilla mner ear Numerous gap junc-
tions have been found among all the supporting cells
particularly at the level of their basal part This means
that the supporting cells have their cytoplasm electro-
tonrcally and metabolically coupled Gap junctions were
not observed between supporung and sensory cells nor
between sensory cells and nerve endings At thes level
the transrussion should be chemucally mediated

Extensive zonulae occludentes seahng apically
the intercellular spaces of the organ of Corts
have recently been demonstrated at the level
of the reticular membrane n replicas of
freeze fractured matenial (lurato et al , 1976)

The aum of this paper 15 to study the junctional
morphology of the organ of Cort: at a deeper
level by nsing the same methad To canfirm
the results obtamned with the freeze fracture
techmque the structure of the junctions 1n the
organ of Cort: was also studied by using col

lowdal 1 as an extracellular stam
(Revel & Kamnovsky, 1967)

MATERIAL AND METHOD
Twelve adult chinchillas of both sexes were
used for this study
Research financed (partly) by the Consigho Nazionale

delle Ricerche grants (Nos 74 00210 04 115 2277 and
7400243 03 115 1140y

(a) Freeze-fracture

After penlymphatic perfusion fixation with a
solution contaiming 2% formaldehyde, 1%
glutaraldehyde, 0 1 M cacodylate buffer (pH
7 3-7 4) and 25 mg% CaCl;, the organ of Corti
was 1solated Segments 1~2 mm long were
glycerinated, frozen, fractured and shadowed
m a Balzers BA 360 M umt (Balzers AG,
Liechtenstein) For further details the reader
1s referred to previous papers on the subject
(Reale et al , 1975, Iurato et al , 1976)

(b) Lanthanum
The fixative used for the penlymphatic per-
fusion and to keep the 1solated pieces of tissue
overmight contained 0 7% lanthanum mtrate
{Revel & Karnovsky, 1967) The same con
centration of lanthanum nitrate was also con
taned 1n the washing solution (0 1 M caco
dylate buffer and 0 22 M sucrose) and n the
postfixative solution (1% OsO, solution 1n
0 1 M cacodylate buffer) Afier 2 hrs postfixa
tion the specimens were dehydrated in graded
ethanols and embedded in Epon 812 Thin
sections were cut on a LKB 4800 I1f Ultro-
tome
The platinum~carbon replicas and the 4
A '
. erie 1/
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sections (unstained) were mounted on Form
var—carbon membranes and observed under
Stemens Elmiskop Ia and 101 electron micro
scopes

RESULTS

Replicas of the spht plasma membrane of the
supporting cells of the organ of Corti are de
scribed with the exception of those contained
i the reticular membrane which have pre
viously been investigated (furato et al , 1976)

We noted thnt the most common differentia-
tion consists of gap junctions (Figs 1-8) As
observed in other types of cells (McNutt &
Weinstein, 1973, Bennett, 1973) these are
composed by assemblies of 60-70 A particles
on face A and of smaller pits on the comple
mentary face B At a higher magnification a
central depression 1s visible on the particles
of face A (Fig 4c)

Immediately below the zonulae occludentes
of the reticular membrane, only a few small
and roundish gap junctions were identified
between the heads of Deiters phalanges (Fig
ta-c) and between the heads of the inner and

ter pillars Stmilar small gap junctions were

en between the mner phalangeal cells and
’; thenner pillars (Fig 2a b)as well as between

Hensens Claudius and Boettchers cells

(Fig 8a)

More deeply the gap junctions are excep
tionally large and numerous between the foot
plates of the taner pillars (Fig 3a b) of the
outer pillars and between the bodies of Der
ters cells (Figs 4-7) At the level of the inner
pillars the gap junctions cover wide areas of
the split plasma membrane delimitating areas
devord of junctional particles (Fig 3a &) Be
tween the bodies of Deiters cells the gap
Junctions are generally roundish in the part
towards the outer hair cells (Figs 4a b 5)
but towards the basilar membrane they show
the same configuration observed between the
footplates of the pillars (Fig 6)

After having crossed the tunnel of Corts the
nerve fibres are parually or completely sur

~
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rounded by Deiters cell processes Gap junc
tions are visible where processes of Deuters
cells are n close apposition with each other
after having completely enveloped an axonin
a closed channel (Fig 7a b) This aspect has
already been described 1n thin section studies
by Smuth (1967) as tight junction”

We never observed gap junctions between
(a) supporting and sensory cells (b) sensory
cells and nerve endings and (c) nerve fibres
Zonulae occludentes were only observed al
the level of the reticular membrane ([urato et
al , 1976}

In thin sectioned specimens fixed n lan
thanum containing solutions 1t was observed
that the electron dense tracer diffuses from the
perilymph through the intercellular spaces of
the organ of Corti and 1s blocked by the
zonulae occludentes of the reticular mem
brane Numerous gap junctions are evident
between the supporting cells They display the
same structure descnibed in other epithelia
(Revel & Karnovsky, 1967, McNutt & Wem
stein 1973) and their location corresponds to
that observed n the rephicas (Fig 8a-c)

DISCUSSION
Before a clear differentiation between tight and
gap junctions was ntroduced (Bnghtman &
Reese, 1969), zonulae occludentes or tight

*tn the mayority of pictures tne organ of Toru'rs wanlal
with the endolymphat ¢ surface at the top and the bastlar
membrane at the bottom as illustrated i Fig 9 There
fore the direction of the carbon—platinum shadowing
indicated by an arrow at the nght lower corner of escht
figure 1s not always onented from bottom to top 2s 1
the general practice The schematic drawing enclosed
tn some tables shows the approximate location of the
area illustrated in the figures

Fig | a~c Gap junctions between Deiters cells imme-
drately below the zonulae occludentes of the reticul
membrane E=endolymph D=Deiters cells 5 stalk of
one of these cells OHC=outer hair cell SC=subsurfact
cisterna ZO=zonula occludens between Deters cclt
and an outer hair cell N=Nuels space The armow !
ponts to a gap junction on face A the arrow 2 to a §2P
Junction on face B both occurnng between adjacent Det
ters cells x24000 (b) and (c) show these two gap Junc
tions at kigher magmfication x84 000
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Junctional complexes in the organ of Cortt

Fig 3a b Excepuonally extended gap junctions be
tween the footplates of mner pillars In (a) the face
A of the cleaved plasma membrane displays numerous

-4

T T

a Ay ARG ) R SR JarE
. :
:

gap junction particles surrounding smoother areas
X60000 In (b) particles of the same junctions are seen
onface A (A) and pits on face B () x90000

Fig 2a b Gap junctions between inner pillars (IP) and
nner phalangeal cells (/Ph) T—-Corti tunnel Ax—axon
X500 The framed area 1s reproduced i (5) at hugher
magmif cation A% mucrowill: at the junction between

two inner pillars T broken mucrotubules of an inner
pilar On the split plasma membrane of 2 pllar two
£ap junctions (arrow$) are resolved

ol

~—— !
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Fig. 4e—< Gap juncuon (arrons) between the upper
part of the body of twe contiguous Deiters” cells (D) In
(a) the subsurface cisternae of an outer hair cell (OHC)

are visible x52700 An extensive gap junction between
Detters™ cells 15 at a higher

. s
et

e o

»»
>

A A

2
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(5) Face A (particles) and face B (pits) of the gap junc:
ton are resolved x112500 (c) In some particles 3
central dot {arrous), possibly mdicating the postion of
the intercellular transnexus channel {see McNutt &

m
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i, 1973).1s visble X 180000
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Fig 5 Gap junctions between bodies of Detters’ cells  of these cells on the left Here 17 roundish gap junctions
The cleavage plane runs across some Deiters’ cells on the  can be counted x 18000
nght of the picture, then within the plasma membrane -
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Fiz 6 Gap junctions between the basal part of the body
f adjacent Deiters’ cells At thes location the gap junc-
J 1005, visible in their A and B faces, have the same as-

Junctions have been descnbed 1n thin sections
of the organ of Cort: between the basal por-
tions of the supporting cells (Iurato, 1967a, b)
In replicas of freeze fractured spectmens these
zonulae appear to be gap junctions, 1¢ ma-
culae or spot contacts between the cells A
large number of them have been found on the
sphit plasma membrane of the supporting cells
of the organ of Corti They connect recipro-
cally all the supporting cells (border, inner
phalangeal, 1nner and outer pillars, Deiters’,
Hensen's, Claudius’ and Boettcher’s as well as
the cells of the outer sulcus) Smce no gap
Junctions were observed between harr cells

Acta Otolaryngol 82

pect as between the footplates of tnner pillars (see Fig 3)
B\ =bastlar membrane Xx96500

and nerve endings, at this level the transous-
ston should be chemically mediated, as al-
ready postulated by Davies (1959)

1t 1s well known that gap junctions account
for the movement of tons (McNutt & Wem-
stem, 1970), metaboltes (Gilula et al , 1972)
and other substances of small molecular size
(Bennett, 1973, McNutt & Wemstein, 1973),
from cytoplasm to cytoplasm of coupled cells
without leakage 1nto the extracellular space
A vanety of data indicate that gap juncttons
also act as electrotonic junctions n the trans-
mussion of electncal signals between excitable
cells (Bennett, 1973)



Fe 7a b Gapunc ons (@ ows) betwesn De e 5 cell
P ocesses (D) wh ch surround axons (Ax} T tunnel of
Cort () X36000 (b) x85000
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Fig 8a~c Gap junctions between Boeticher s cells mn
repl cas of freezecleaved specimens (a) and n th o sec
t on after fxation 1n presence of lanthanum (& ¢) The
gap junctons are frequently located on dentations
of adjacent cells (arrows In @) x53000 One of these

It 1s difficult to explan the significance of
the gap Junctions connecting the cytoplasm of
all the supporting cells of the organ of Corti
A form of equilibration or buffering tending to
even out the distnbution of the work per
formed was suggested as function of the gap
junctians between inexcitable cells by Bennett

Ac a O ol yngol 87

. - 4

ndentat ons has been cross cut in (b) x80000 The nght

part of this junct on has been reproduced at higher mag
mfcaton 1 (c) Electron-dense tracer ev dences 2 char
actenist ¢ polygonal pattern X 774000

(1973) and the hypothesis could also be ap
plted to our case Co operation between cells
of ! p 1s also an attra
hypothesis (Bennett 1973} and st could be
applied to epithelta like the organ of Cortt
contanung supporting cells of different types
Penetrating the organ of Corti with elec




e

Fig 9 Schematic drawing 1lfustrating the Jocation of the
gap junctions among the supporting cells 1 the organ of
Corn The gap juncuons are indicated by black dots
crossed by a white lme The line corresponds to the
nterceliular transnexus channel As summanzed in this

trodes both Sohmer et al (1971) and Fex
(1974) recorded potentials close to 0 mV for
relatively long distances and me penods, 1n

faotnt a

S //;;2/2

schema and according to the function currently attnbuted
10 the gap junctions (see McNutt & Wemstem 1973
Bennett 1973) all the supportng cells n the organ of
Corn are electrotorucally and metabolically coupled

organ of Corti between the penlymph of the
scala tympam and the cortilymph the follow-
mng structures are interposed the discontin

all p y cor to extracellul uous layer of mesothelial cells covenng the
spaces Large negative p were also  tymp: aspect of the basilar membrane
recorded inside the organ of Cortt by Fex the ground substance and the fibres of the
(1974) who could hold negativities for several basilar b a b b
minutes  For the interpretation of these re  the layer of the supporting cells which are
cordings 1t will be kept 1n mund that the sup 1 d by gap

porting cells of the organ of Cort: have their
cytoplasms electronically and metabolically
coupled by means of extensive gap junctions

Gap junctions are easily bypassed by var
wus extracellular tracers (e g horseradish
peroxidase Bnghtman & Reese 1969) and
do not represent a bamer to the diffusion of
substances 1 extracellular spaces In the

These structures have all been shown to be
permeable to or bypassed by vital stans
(Tonndorf et al, 1962) and electron-dense
tracers as horseradish peroxidase (Duvall &
Suthertand 1972, lahnke, 1972 1973, De
Lorenzo et al  1973) and thonum diowude
(v Tiberg 1968 v Ilberg & Vosteen 1969)

After thonum dioxide admmntstration 1n the

Acta Orolaryngal 37
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perilymph via the subarachnoid space, Angel-
borg (1975) found a very hmited passage of
tracer to the organ of Corti and concluded
that there 1s no proof of free communtcation
between penilymph and cortilymph

Engstrom (1960) pointed out that a strong
argument agaimnst a free communication be-
tween the two fluids 1s the circumstance
that the cells liming the cortilymph are of ecto
dermal ongin whereas those covenng the
tympamc aspect of the baslar membrane are
mesothelial cells

The only structure mterposed between the
perilymph of the scala tympam and the cor
tilymph capable to play a role n diffusion
phenomena seems to be the basement mem
brane liming the vestibular aspect of the basilar
membrane The absence of zonulae occlu
dentes between penlymph and intercellular
spaces of the organ of Cort1 supports the 1dea
that cortilymph and penlymph have a similar
chemical composition (v Ilberg, 1968, v 11
berg & Vosteen, 1969)
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ZUSAMMENFASSUNG

Die Zellverbindungen 1m Cortischen Organ wurden mut
Hilfe der Gefnerbrechungsmethode am Innenchr vom
Chinchilla untersucht Zwischen allen Stiitzzellen be
sonders 1n deren basalem Berech sind zahlreiche  gap
Junctions zu finden So sind die Stutzzellen als elek
tnsch und metabolisch gekoppelt anzusehen  Gap
Junctions wurden weder zwischen Stutz und Sinneszet
len noch zwischen und Nerven
endigungen In dresem Bererch wird die Erregungsuber
tragung chenusch geschehen
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THE CYTOCOCHLEOGRAM IN ATOXYL TREATED GUINEA PIGS

M Anmko

From the Depariment of Otolaryngology Karolnska Syukhuset Stockholm
and the Ring Gustav V Research Instiute
Karohnska Inst tutet Stockholm Sweden

(Recerved November 8 1975)

Absiraet The earisest atoxyl induced changes in the
cochlea appeared i the upper and medial parts of the 4th
corl whence the changes spread progressively downwards
towards the round window the extent of the changes
depending on the amount of atoxyl admimstered and the
duration of the treatment  The mner hair cells were more
resistant to the effects of atoxy] than the outer hair cells
which were affected first The sensory ceils in the 2Znd and
3rd rows appeared more sensitve than the outer hair
cells in the first row

Sem quantitative analysis of nuclear and
ensory harr cell changes i the organ of Corts

s‘tudxes of ototoxic action was mntroduced by

euman & Neubert (1958) using dissected
p Thas teck made it p le to
descnibe precisely the localisation of damaged
harr cells n the cochlea Phase contrast ex
amunation of surface preparanons as well as
electron microscopy following antibiotic m
toxication was also reported by Engstrom et al
(1964)

Beck & Krahl (1962) reported that disar
rangement of the nuclei of the first row of the
outer hair cells was the first sign of disarrange
ment of the outer harr cells i kanamycin
treated guinea pigs hohonen (1965) reported
that the patterns of hair cell damage in the
cytocochleogram following treatment with

This work was supported by grants from the Karo! nska
Instiute and the Swedish Med cal Research Council

(grantno 17X 720¢
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neomycin kanamycm or framycetin were in
pnnciple the same Yhkosk: et al {1973) cor
related the cy hleogram and aud
findings 1in gentanucin treated guinea pigs Y
kosk: (1974) documented the relationship be
tween the audiogram and cochleogram find
mngs 1n gentamucin , neomycin and kanamy
cin treated gumnea pigs

Recently reports have been published
postulating that the hair cells of the cochlea
react 1 a graded sequential and stereoty ped
fashion to ssults that exceed their tolerable
hmt regardless of the immediate cause of m
Jury (Hawkms 1973)

In order 10 investigate the hypothests that
there 1s a standard pattern of hair cell degener
ation m the cochlea atoxyl (Pro Gen® So-
dium sodium arsamlicum) which has known
ototoxic effects (Miayamoto [931 Ruedt
1951 Anniko & Wersall 1975) was used as 2
test substance

MATERIAL

Sixty three healthy young gumea pigs (250~
350 g) with a normal Preyer s reflex without
evidence of otttis media were used for the ex
pentment The body weight of all amimals the
presence of the Preyer s reflex and the general
behaviour of the ammals were  orded each
day The control group con thy
untreated gumnea pigs



The cytocochleogram tn atoxy{ treated guinea pigs
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Table 1 Table illustrating the amount of atoxyl per kg body weight adminustered 1o the guinea

7gs in the experiment group

Admin Sacnficed
istered after last

Anmimal Atoxyl No of in dunng Total dose injection Preyer
0 (mglkg) Jections (days) (mg/kg) (days) reflex

1 20 47 81 940 1 +

3 20 45 8 900 1 +
4 40 46 7 1840 1 +
6 40 45 n 1800 1 +
2 20 B 21 640 1 -
13 80 3 4 240 5 -
16 60 9 15 540 54 -
17 60 S 9 300 3 -
18 60 10 15 600 53 -
20 70 3 2 210 1 =
2 70 4 4 280 17 +}
24 80 1 80 2 +
26 70 1 70 1 +)
23 70 1 70 2 -
29 70 1 70 2 -
3 70 2 1 140 20 -
2 70 1 70 24 +
3 80 1 80 24 +
3 70 1 70 24 +
39 70 2 1 140 9 -
40 0 2 2 140 24 -
42 60 1 60 3l +
43 60 1 60 3 +
4 60 1 60 6 +
45 70+60 2 5 130 29 +
43 70+ 30 2 5 100 29 +
50 70430430 3 7 130 27 +
51 60+40 2 3 100 29 +
52 70 2 4 140 1 -
53 100 1 100 1 +)
51 70 2 174 140 14 )
55 140 1 140 12 z

60 5 14 300 100 +
58 60 4 14 240 100 +
59 &0 5 12} 300 100 {+)
63 140 1 140 14 -
METHODS

Admunistration of atoxy!

Atoxyl was admimstered subcutaneously as a
2% solution in sterile water The dose iyected
on each occasion vaned between 20 and 140
mg of atoxyl per kg body-weight The total
dose ranged from 60 mg to 1840 mg of atoxy!
per kg body weight The period over which
atoxyl was administered varted between 1 and
81 days and the survival ime before decapita

tion was 1 to 54 days after the last injection
(Table I}

Morphological procedures

Specimens were taken for microscopy ac
cording to the techmque of Wersill (1956) Af-
ter the imtial perfusion for fixation with 1-2%%
buffered osmium tetroxide solution, the coch
lea was left m this fixation flud for 2 hours
The specimen was then dehydrated i alcohol
and embedded n Epon Each cochlea was
sphit along the midline and each half coil was
cut into a block with a flat surface including
the whole cochlear duct The whole spe¢t ¢
was mounted 1n Epon without a cov
A
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Table II Table dlustrating the rate of general disturbances (sympioms) and mortality rate in
atoxyl treated guinea pigs in the experiment group

General disturbances

Mortality

Atoxyl Werght Loss of General rate
(mg/kg) loss harr weakness 2
20 +) +) [
40 + + + [

&0 +(+) + + 0

0 ++(+) ++ ++ 41

80 +4t +4++ Eaas 56
100 ++4+ +++ ++4 -
140 bt +++ +++ —
LDgsc 70-80 mg/kg

S C =subcutaneously

¢ 1 animal was suddenly lost after 46 treatments without any clinical symptoms It was not wmncluded 1n the mortal ty

fate of this group

with the basilar membrane towards the glass
surface of a glass shde By using the mnterfer-

signs of intoxication Most of the amimals i
the latter group showed varymng degrees of

ence pe, a lete cy h am

loss of app weight and hair and some-

was made, recording both present and absent
sensory cells (Ernstson, 1972, Ylikoskiet al ,
J973) Cells with smaller cytological damage
L fragmentation or complete loss of the
)'(‘gnsory hair bundles or sweiling of the hatr
«Cells were counted as present From this
cochleogram an average cochleogram was
made by grouping five neighbouring hawr cells
nto one group When three or more of the five
harr cells were missing the group was recorded
as missing, and 1n all other cases 1t was noted
as present These two groups were marked in
to a cochlear diagram in which the findings in
each milhmetre of cochlear length from the
round window to the helicotrema were re-
corded The percentage of mussing outer and
nner harr cells was marked on another dia
gram

RESULTS

Chmcal Findings

The animals were divided mnto two groups, ac
cording to thew climcal behaviour—thase
without symptoms and those showing any

Acta Otolaryngol 82

tumes disturbances of balance were also ob
served (Table 1)

Vestibular functron was not tested but am
mals given a dose of 80 mg or more of atoxyl
per kg body-weight at each myection often ap
peared to have sustained a disturbance of bal-
ance (waltzing behaviour) and a loss of the
nghting reflex

Werght decrease started about 6 hours after
treatment, with a maximal effect 12-24 hours
later Anmmals given a large amount of atoxyl,
60 mg or more per hg body-weight on each o€
casion did not regamn their iitial weight unttl
several days later Smalter amounts of atoxyl,
however, reduced normal weight gain dunng
the treatment period, although the ammals
gamed m weight to a certam extent (Dra-
gram 1)

The smallest dose producing climcal symp-
toms was about 60 mg per kg body-weghs on
each occasion, resulting 1n mmmal to moder-
ate symptoms (loss of appetite and weight de
crease) In surviving ammals the symptoms, if
any, generally lasted for a very short period



The cytocochleogram i atoxyl treated guinea pigs

fdoy 1

= Dus on
o

Q s 10 1S 20 A

Dagram | Digram demonstrating the principal body

weight changes m the experiment group (atoxyl treated
guinea pigs) / Normal weight increase 2 Ammals treat

ed with 60 mg of atoxyl per kg body weght or more at
eachinjection 3 Long term treated guinea pigs 2040 mg
of atoxyl per kg body weight at a ttme ¢ Amimals going
ad mortem

(12-24 hours) Loss of more than 10-15% of
the mitial weight duning the first 2448 hours
often resulted in death

LD, 1s between 70 and 80 mg of atoxyl per
kg as a single subcutaneous iyjection When 19
guinea pigs were treated with 70 mg of atoxyl
per kg body weight 7 animals died, whereas
80 mg of atoxyl per kg killed 5 of 9 animals

The Cytocachleagram

20 mgikg
Animals belongmng to this group were treated
45-47 times dunng 78-81 days The cytococh
leograms of the amimals were very siumilar
Most of the outer hair cells of the 4th and 3rd
cotls were lost and only scarmng remamed
The outer hatr cells in the first row were pres-
ent more frequently than those in the 2nd and
3rd rows, although many were missing m the
uppermost region of the 4th turn (Fig 2) How-
¢ever, no acute damage could be registered

Inguinea pigno 1 (Figs 1, 2) at the level of
18 8-18 3 mm from the round window 61 0%

73

of the outer hair cells were absent, whereas
only 8 1% of the inner hair cells over the same
distance were mssing Moving downwards
from the hehicotrema less damage was regis
tered among both the outer and tnner hair cells
At 17 8-170 mm from the round window
31 4% of the outer hair cells had disappeared,
at 167-151 mm 324%, at 149-135 mm
17 0% and at 13 1-11 5mm 4 9% No damage
could be found below the last mentioned
level The mnner hair cells were less affected
At the 17 8-17 0 mm level 4 4% of them were
missing but none were absent below 17 0 mm

40 mglkg

The cytocochleogram patterns were stmilar to
those found n the group treated with 20 mgfkg
on each occasion but the percentage of lost
outer hair cells was higher and the damage had
progressed further down In guinea pig no 4
outer hair cell losses could be registered as far
down as 3 mm from the round window, where

o
o l
.

1 £ s

Figs 1 4-5 8-9 and II Cytocochleograms illustrating
the Testons of the haw cells i the cochlea. O Normal
celtgroups @ damaged cell groups Dragram Percentage
of damaged cells black Above inner har cells Below
outer haw cells Fig 1 AmmalNo 1

Acta Orolaryngol 82



)

J "
e’ gy, x,gf;m’?i ;wf‘ ¢
Fid

i wm;‘«;_‘a{w ﬁf-

-

PR,
RR5E

\d
-

_U« -
L& "x\(
<
{
E‘?
>

Y e A N T
B
o,
=
Pt
»
&‘\
ey P
FL% S

<.
<1
"o

“
-~
~

T N2 e > . T pud -
ot ‘r S;Jf«"‘:’u.:' TETT A
: 3

f *

(.“’(‘"’IHO":‘ J JJ ! IJJ J.,H

boe, A s
. .udf’f’iﬁk ‘;«’-ww 2 wuua- e~= gp L
.’ HCJIJ 4
1 (71, n- U’l t,ﬂ" JI; *‘J/J

it

g f*""wr d} ’Yf :

U ’ /:;: |“’, ,,! if X&ﬂ&{ﬁ?j{%
J«%”"“ﬁ‘?ni@’i“ A4

e 20mp

Fg 2 Interference contrast pcture Guneapgno lat Fg 3 Interference contrast cture Gu ? at
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=
ond

Fig 4 C
gram AmmalNo 16

Vs —
and harr cell d dia

3 3% were mussing Mimmal acute or subacute
damage (swelling of the sensory cells) could be
observed, especially 1n the apical coils, and
fragmentation and loss of the sensory hair
bundles were also seen Missing hair cells were
replaced by scarting  The inner har cells were
well preserved and showed only mimimal scat

tered losses tn the apical tumns of about the
same degree as 1n guinea pigs treated with 20
mg of atoxyl per kg body weight

60 mglkg

Anmimals receiving only one myectton had sim

lar cytocochleograms even when they were m

vestigated after different penods of ime The
damage was concentrated to the second and
third rows of the outer hair cells The damaged
region ended rather abruptly within a distance
of 10-20 neighbouning outer hair cells (* transi

tional zone™) The damage was concentrated
to the first 50-60 neighbounng sensory cells
counted from the helicotrema although scat

tered losses were sometimes found also fur

ther down For example gunea pig no 42 had

3 I =
Fig 5 Cy and harr ceft da

gram Ammal No 18

the following pattern of damage at 2 distance
of 19 0-18 6 mm 90 4 of the outer harr cells
were missing, at 184-173 mm 9 1% and at
170-158 mm 3 9% The cytocochleogram
showed a normal har cell count below the
last mentioned level Some outer hair cells,
especially m the third vow of the 4th coil, ap
peared swollen and their sensory hair bundles
were sphit up, losing their normal W form, or
had even disappeared completely The nner
hair cells, however, appeared completely
normal

Repeated injections of atoxyl resulted tn
more pronounced hair cell losses (Figs 4, 5)
A predonunance of missing outer hair cells 1n
the 2nd and 3rd rows was a constant finding

Ingumneapigno 18 (Figs 5, 6) all outer hair
cells were present at the level below 11 4 mm
but at 114-130 mm, 133-149 mm, 15 1-
16 5 mm, 167-179 mm and 18 1-190 mm
levels the loss of outer hair cells was 139
24%, 59%, 81 2% and 90 7% respectively
The nner hair cells had a normal cell count
except in the uppermost portion of the 41h;oxl~

o Acta O ¥
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cells (OHCJ ID) No nner harr cells (IHC) are m ssing
however
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Fg 7 Interference-contrast p cture Gu nea pgno 3lat
the level of about 17 5 mm from the round w ndow i
lustrat ng a part of the transitional zone (swollen har
cells and also scarring) between normal and damaged hair
cell regions
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Fig 8 Cytocochleogram and hair cell degeneration dia
gram Ammal No 32

(18 1~-19 0 mm) where 1 9% were mussing and
had been replaced by scarrmg Scarring always
appeared where both outer and inner hair cells
had degenerated

70 mglkg
Investigation 1 day after a single admmistra
tion of atoxyl showed no pathological changes
at all 1n the cochlea and the cytocochleogram
therefore appeared completely normal If,
however, the ammals were studied 3 days after
such treatment, shight signs of damage to the
outer hair cells in the apical coil could be ob-
served At a distance of 19 0-18 0 mm from
the round window 3 9% of the outer hair cells
were missing and many of those remaining ap-
peared swollen (guinea pig no 28) The mner
har cells were unaffected Investigation 25
days after a single ijection showed similar re-
sults, although an mcreased number of missing
outer hair cells were registered at the same
level and the damage could also be found
further down (Fig 7) The sensory cells in the
first row were more often preserved than those
1 the second and thurd rows (Fig 3)

5 ) 1
Fig 9 C and hair cell

gram Ammal No 39

dia

In gumnea pig no 32 (Fig 8), 80 1% of the
outer harr cells were mussing at a distance of
190-18 7mm, 49 8% at 18 7-18 1 mm, 223%
at 18 1-17 7 mm and 16 1% at 17 5-16 $ mm
The mner hair cell count was normal

When the Preyer’s reflex was compared
there was a marked difference between the
ammals investigated 1-3 days after treatment,
1n which the reflex was completely lost, and
the gumea pigs studied after 25 days which
showed a normal reaction

Admmustration of more than 2x70 mg of
atoxyl per kg body-weight within 24 hours al
ways resulted in total degeneration of the outer
hair cells in the whole cochlea The inner harr
cells also showed severe losses in the apical
cails while the basal couls were Jess affected
(gmneapigno 39, Fig 9)

The pnnciple for cochlear har cell de-
generation 1n atoxyl treatment was well illus-
trated by animal no 52 (2x70 mg/kg within
6 hours and investigated 12 hours after the first
imjecton) The outer hair cells in the apical
cotl appeared so damaged that only cell debris
remamned However, about 9055 of the mnner

Acta Otolarvngol 8 o=
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Fig 10 Interference-contrast picture Guunea pig no {3
at the level of about 10 mm from the round window All

arr cells were still present but they showed

‘rked swelling and disintegration of the sen
ory hair bundles When moving downwards
towards the round window, the 3rd turn
showed an mtermediate picture with mmimal
amounts of cell debns but different degrees of
sensory cell swelling (outer and nner hair
celis) while both cell types had a normal
appearance 1n the two basal coils

Treatment with 70 mg per kg of atoxyl but
with an mterval of at least 24 hours between
the admumistrations resulted in more graded
damage, mamly restricted to the two apical
cotls

80 mglkg

A single treatment resulted 1n about the same
damage as observed in the group treated with
70 mg of atoxyl per kg body weight but the de
generation had progressed i-} mm further

Acta O plaryngol 82
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outer hair cells (OHC I 1IT) are mussing {replaced by
scarning) while most inner hair cells (IHC) appear normal

down Repeated admimstration caused total
degeneration of both the outer and the mner
sensory cells (gumea pigno 12 Fig 10)

100 mglkg or more

A single dose resuited in the same cytococh
leogram pattern as for anumals treated with
80 mg of atoxyl per kg body weight, while re-
peated admnistratton caused a total degenerd
tion of all outer and most mner harr cells with
mn -2 days

Fracnonated doses

The purpose of this part of the study was 10
find out If 1t was posstble to cause damage pat
terns showing only mummal differences rang
ing over 10-15 neighbounng outer har cells
by the administration of the same total amount
of atoxyl by splitting 1t up 1nto several different
fracuons The gumea pigs recewed 60+40,
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1z 11 Cytocochleogram and haur cell degencration dia
ram AmmalNo 43

0+30, 70+30+30 and 70+60 mg of atoxyl per
g body weight respectively duning 3-7 days
md were mvestigated 27-29 days after the fast
dmmstration {guinea pig no 48, Fig 11)

The cytocochleograms were, however, rath-
rsumular The differences i the doses nject-
d were thus too small to cause clear differen-
1atton of the result

DISCUSSION

The earliest changes 1n the mner ears of ex
enmental antmals exposed to noise or treated
with ototoxic drugs have usually been seen in
he outer harwr cells, which are thought to be
articularly sensiuve to myury (Hawkms,
1973)

Degenerative changes in the cochlea usually
seeur at the basal end Ototoxic drugs (Duvall
& Wersill 1964, Kohonen, 1965 Lundquist &
Wersall, 1966, 1967, Yhkoskt 1974), acoustic
verstimulation (Spoendhn, 1958, 1962, 1971,
Engstrom & Ades, 1960, Duvall & Quick.

S eu .

1969, Lim & Melnick, 1971) and the atrophic
changes associated with ageing (Schuknecht,
1955, Schuknecht & Igarasht, 1964) as well as
some potent diretics (Quick & Dusall, 1970,
Nakat, 1971) produce pathological changes
which are most severe m the basal turn In
addttion, hereditary inner ear defects seem to
involve the basal end more frequently than
other turns of the cochlea (Kihuchi & Hilding,
1965, Anderson et al , 1968, Emstson, 1971,
1972)

There are few reports of lesions of the hatr
cells m the cochlea restncted 10 the apical
coils 1n the hterature Alford et al (1965) re-
ported that microscopic mtravascular occlu-
sions of the termmal branches of the labyrn-
thine artery caused greater changes in the api-
cal coil of the organ of Corti than at other lev-
els

Bernstemn & Silversten (1966) produced le-
sioms to the apical regron of the cochlea by ob-
structing branches of the basilar artery system
i cat Kohut & Lindsay (1972) described
prominent outer hair cell loss at the apex i
cases with 1dtopathic labynnthine hydrops

‘The degeneration of both the outer and the
inner harr cells following atoxyl treatment start
m the apical region of the cochlea The outer
hair cells at the helicotrema are affected first
and the damage then progresses dowawards
towards the round window according the
extent of the changes depending on the amount
of atoxyl admmmstered and the duration of the
treatment  The mner hair cells appear more
resistant o the effects of atoxy) Not untd
most of the outer hair cells are involved i the
degeneration do the mner hair cells become af
fected by this process

The outer hair cells of the second and third
rows appear more sensitive than the hair cefls
n the first row  This was especially so when
large amounts of atoxyl were administered as
a single dose resulung i higher percentage
losses of the sensory cells in the 2nd and 3rd
rows than in the Ist row Swelling of the sen
sory cells was the first sign of degeneration.
but later sensory hawr bundle fragmentation

Acta Orolar ag ¥ 8°
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and loss as well as the formation of cell debns
occurred followed by scarning

Little attempt has so far been made m the
Iiterature to explain the differential sensittvity
of outer hair cells m the different rows and
coils of the cochlea Bech & Krahl (1962) sug-
gested that the slower blood flow tn the basal
part of the cochlea would result m locally
higher concentration of the circulating drugs,
and, thus, the cells there might be damaged
earller However, the systematic difference
between harr cells adjacent to each other, but
belonging to different rows, can scarcely be
explamed 1n this way According to Kohonen
(1965) the correlation between the degree of
vulnerability and differential mnervation of
mdividual outer hair cells 1s so good that he

lated the following hypoth the richer

the supply by large nerve endings (of a given
hair cell) the more easily may its metabolism
be disturbed by ototoxic drugs

Anmko & Wersall (1975) descnibed degene
ration of the stna vasculans starting at the api-
cal region of the cochlea, suggesting that
changes n the metabolism of the endolymph
could be a possible cause of cochlear damage

~rr ' 4 to those observations the damaged

+as, which are found in this study, thus re

’
™ the regions where the local endolymph
- production and reabsorption 15 disturbed

Kohonen (1965) searched for a systematic
pattern in the distribution of cochlear sensory
cell damage caused by three ototoxic drugs
{neomycin, kanamycin and framycetin) He
found that the pattern followed the same gen-
eral pnnciples with each of the three drugs
The outer harr celis of the basal coll were af-
fected first the damage then progressed to-
wards the apex in the cochlea, affecung the
two mnner rows of the second coil and the in
nermost row of the two upper colls The de
generation of inner harr cells also followed a
clear pattern beginning at the apex and pro-
gressing towards the base

Yhkoski (1974) reported that the earlest
ultrastructural signs of degeneration, regard
less of the b d d

ed
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cin, kanamycin or neomycin), were obsen e
1 the outer harr cells of the basal col Th
pattern of damage mduced by the three any
biotics differed Neomycin seemed to attac)
the hook area and the apical coil first, wherea:
gentamicin and kanamycin usually destroyer
the outer hair cells 1n the upper basal coil anc
the hook simultaneously Neomycin also dis
played a clearcut affimty for the inner hau
cells at the apex, cells seldom damaged after

d ation of or ki y

Hawkns (1973) suggested that the sequence
of changes in the hair ceils of the cochlea ap-
pears to be much the same regardless of the
mmmedate cause of tnjury, suggesting that the
organ of Corti reacts in a graded, sequential
and stereotyped fashion to msults that exceed
the tolerable hmit (“standard pattern of de
generation”) The thesis of his report was that
the common factor in injury to the wnner ear
by ageing, noise and drugs 1s not a direct as
sault on the outer hair cells but rather 2
breakdown of the special microhomeostatic
mechamsms that govern the volume, rate of
formation, and 10nic composition of the iner
ear flmds

Atoxyl admimistration results 1n damage to
the cochlea, the primary effect bemng at the
apical end, n contrast to most other known
causes of cochlear degeneration which affect
the basal end The hypothests of a standard
pattern for cochlear harr cell deg e
gardless of the immediate cause of myury, can
not be supported However, the results of the
present mvestigation stress the ntimate
relationship between the local endolymph
metabolism 1n the stna vasculans and the
organ of Cortt at the adjacent level for normal
cochlear function Disturbances of this
homeostass are considered to be a possible
cause of the development of inner ear diseases
with pnmary localisation at the apical end of
the cochlea
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ZUSAMMENFASSUNG

¢ fruhesten Veranderungen der Cochlea bemerkt man

den oberen und muttleren Teilen der vierten Windung
on der sich die Veranderungen gegen das runde Fenster
erbreiten Die Ausbreiung der Veranderungen hat ihren
rund  der Menge Atoxyl den man ym Laufe der Be
andlung den Experimentuieren zugetedt hat Die inneren
{aarzellen konnen der Wirkung des Atoxyls besser wider
tehen als die auBeren Haarzellen die zuerst zerstort
erden Die Haarzellen der zweiten und dritten Rethe
nd verletzbarer als die der ersten Rethe:
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NEURAL DAMAGE IN THE GUINEA PIG COCHLEA
AFTER NOISE EXPOSURE

A Light Microscopic Study

Ch G Wnght

From the Rresge Heanng Research Institute Department of Otorlinolaryngology
Unn ersity of Michigan Medical School Ann Arbor Mick USA

(Recerved September 29, 1975)

Abstract Neural damage produced by exposure to 8
WHz octave band noise was studied by hight microscopy m
gumnea pigs Abnormal nerve endings were found beneath
both inner and outer hair cells within 24 hours after ex
posure at either 118 or 120 dB SPL In areas where the
organ of Cort: was d of

nerve fibers was seen mmmediately after 24-hour ex
posures Nerve degeneration secondary to hair cell loss
was observed However degeneration of myelmated
fibers occurred in some cases without fi barr cell

ease and abnormal or degenerating neural ele
ments can readily be recogmized

We felt that this approach mught serve as &
useful adjunct to electron microscopy n the
mvestigation of neural damage resulting from
noise exposure Therefore, the present study
was undenaken to determine what neuro-

h 1

™ loss At survival umes as long as two months nerve
fibers coursing near capillanes were stll present in
extensively damaged areas In three animals nerve fibers
/which had apparently regenerated mto regtons where the
sensory epithelium was destroyed were found distal to the
habenula perforata Evidence of regenerative activity was
also noted 1n the osseous spiral lamina

3 hods for the di of un-
myelinated nerve fibers by light microscopy
have recently been used 1n our Iaboratory for
study of the cochlear nerve supply (Wnght &
Preston, 1973, Wnight, 1975, Wright & Preston,
1975) In combination with the surface prepa

h are observable by light
microscopy 1 cochlear tissue from notse-
exposed ammals Both the zin¢ 10dide osmic
acid and silver nitrate stans were appled to
whole mount preparations of the organ of
Corti from guinea pigs exposed to octave-
band noise The following report 1s a survey of
our findings 1n this matenal

METHODS
Altogether, 17 gumea pigs weighmg 200~
300 g were exposed to an 8 RHz octave-band
of noise Nme of these ammals (Group I} were

ration or whol t hnique (Eng:
et al , 1964) these stams provide an overview
of the peripheral innervation which 1s difficult
or mmpossible to obtam by electron micro-
scopy In such preparations nerve fibers can
be traced over long distances with relative

EE
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posed at 118 dB SPL, 8 received exposures
at 120 dB (Group I} All animals in Group I'te-
ceived a single noise exposure, 24 hours It
duration, and were killed erther immedrately
afterward or at survival times of 1 day to 2
weeks The ammals of Group H recewed
single exposures of 4 to 24 hours and werc
permutted survival times of up to 2 months

The exact posf-exposure survival nimes
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Group 11 120dB

Duration of
vst-exposure No of exposure No of Post-exposure
wal ume ammals (hy ammals survival ime
led immediately 2 4 3 Killed immediately,
1 day 2days
1day 1 6 3 Killed immediately,
2 days, § weeks
1 week 3 8 1 2 months
2weeks 3 24 1 6weeks

ed each amimal are grven 1n Table I, each
“~ the survival times listed under Group I1
avaents one ammal
All antmals were noise exposed in an JAC
le-walled sound chamber Dunng the
nosures they were wndividually housed in
wire cages placed directly beneath the
dspeaker, which was posituoned approxi-
'y 18 inches above the ammals’ heads
Fifteen ears from Group I and 13 ears from
zroup 11 were studied by light microscopy.
(The remaining 6 were prepared for electron
+ rroscopy )} The snner ear tissues were fixed
d staned according to methods for either
zine 10dide osmic acid (Z10) or silver staming
as descnbed 1 our previous publications
{Wnght & Preston, 1973, Wnght, 1975) Whole-
mount specimens of the organ of Cort: were
then examined by bnghtfield light mucro-
scopy The experimental matenal was com-
pared with a large collection of normal coch-
lear tissue prepared and staned by the same
methods as were used for the noise-exposed
ears

RESULTS

In both groups of ammals included m ths
study there was constderable variability in the
degree of damage to the organ of Corti caused
by noise exposure The extent and localiza
tion of hair cell loss in these animals will not be
described 1n detail 1n this report However,
before turnmg to a specific consideration
of neural changes, some general comments

should be made concerning the sensory and
supporting cell damage that was observed

Eight of the 15 ears studied from Group I
had single, discrete lesions of the organ of
Corti 1n which the normal cytoarchitecture
was destroyed These sharply-delineated
“focal” lesions were located in the mid-region
of the basal turn and ranged n length from
about 02 mm to 3 mm The lesions were
usually found to be of different lengths in the
two ears of a single ammal and often only one
ear showed a focal lesion When such lesions
were present in animals with survival times of
several days or more there was moderate to
severe outer hair cell loss on either side of
the severely damaged area and scattered
hair cell loss 1n the upper cochlear tums The
other 7 ears included mn Group I which did not
have sharply defined lesions showed scattered
outer hair cell and pillar cell loss 1n all turns,
there were no well-defined areas of maximum
damage

In Group II the effects of noise exposure
were quite similar However, when focal le-
sions occurred they tended to be shorter 1n
length (0 15 to 0 6 mm) and were sometimes
multiple That s, in several cases two separate
lesions approximately 02 mm long were
present in the basal turn Otherwase, scattered
harr cell loss fike that seen m Group I was
found Much more widespread damage was
observed in the one animal exposed to 120 dB
for 24 hours In this case there were large
areas of total destruction of the sensory epi-
thehum 1n all cochlear tuns

Actg Oto
e
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Fig 1 (0) Focal lesion 1n the basal turn of the organ of
Corti from a guinea pig killed immediately after a 120 dB
6-hour exposure (b) Higher power view of inner spiral
bundle USB)1n which large vacuoles can be seen (arrows)

Neural changes seen within 24 hours
pa:l exposure

A total of 10 ears from 6 animals exposed to
noise at etther 118 or 120 dB and hilled within
24 hours after the end of the exposure were
studied In 6 of these ears there were one or
more areas of severe focal damage to the
organ of Corlt

In the region included in each lesion the
normal cellular pattern was destroyed No
outer hair cells were recogmizable and the row
of inner hawr cells was etther badly discupted

Acta Ot danvag 187

ZIO-statned specimen Bars at lower left represent 100
microns OSL osseous spiral Jamina 1-2-3 nerve end
ings beneath the three rows of outer hair cells

or missing entirely No nerve endings or fibers
remained in the area of the outer hair cells and
tunnel crossing fibers were not seen Some
fragments of the spiral tunnel bundle were
usually stidl present In all cases the inner
spiral nerve bundle was present but appeared
to be spht apart longitudinally and contamned
large clear vacuoles as shown in Figs !
and 3

Clear spaces very similar i appearance 10
the vacuoles seen n the region of the mner
spiral bundle were occastonally found direct
ly beneath the wner hatr cells 1a portions of
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Fig 2 Vacuoles (arrows) beneath tnner harr cells ¢HC)
n the third cochlear turn of an ammal killed immedsatety

the organ of Corti far removed from severe
lesions For example, Fig 2 illustrates vacu
oles under mner har cells m the third coch
lear turn of an animal killed immediately after
a 6-hour exposure at 120 dB These spaces
were observed only 1n ammals which recerved
short duration exposures (4 to 6 hours) and
which had short post exposure survival
times
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afier a 120 dB 6-hour cxposure ZIO stam PC head
plates of pillar cells

In 2 ears from different ammals, both of
which were killed immediately after 24-hour
exposures at 118 dB, focal lesions were found
1n the basal turn Myelinated nerve fibers ap-
proachmg these damaged areas were clearly
fragmented and m the early stages of degen
eration However, the fragmentation was con
fined to a narrow region near the habenula
perforata

Fig 3 Darkly staned nerve endings (large arraw) adja
cent to a focal lesion i the basal turn 120 dB 4-hour ex
Posure  24-hour post exposure survival ume Small ar

row Indicates a large vacuole beneath wnner har cells
(AC) 210 stan 123 rows of nerve end ngs under
ovter hair cells
o
-
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Fig 4 {a) Nerve endings beneath the three rows (1 2 3)
of outer hair cells i upper basal turn of a normal gunea
pig cochlea (b) Swollen dense nerve endings (arrows) m

Particularly with short duration exposures
and bnef survival ttmes the boundaries of
focal lesions were sharp and distinct Im
medmtely adjacent to the region of total dis
ruption the reticular lamina often appeared
quite normal with no hair cells missing How
ever, 1n these areas bordenng lesions the ef
ferent nerve endings beneath the outer hair
cells were sometimes impregnated by the ZIO
stain n a pecularly dark dense fashion An
example of this type of stainng reaction 1s
shownin Fig 3 Abnormally dark efferent ter
munals on outer hair cells were also found in
other portions of the basal and tower second
turns well removed from focal lesions In such
areas there was hittle or no loss of outer hair
cells, but the clusters of efferent nerve end
ngs were stamed with unusuval density and
they often scemed to be swollen or mis

Acta Ot luringol 8
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upper basal tum from an animal killed ymmed ately aftera
120dB 6-hour exposure ZIO stan Bars at lower left re-
present 10 microns HC Hensen cells

shapen, as illustrated in Fig 4 In one cas¢
darkly stained swollen efferent endings were
present n the basal turn of a cochleam which
no focal leston occurred and only munor hair
cell loss was found following a 4 hour ex
posure at 120 dB These dense, darkly staed
nerve endings were not seen animals with
post exposure survival times of more than 2]
hours

Neural changes seen within two to seren
days post exposure
A total of 8 ears from 5 ammals exposed at
either 118 or 120 dB and killed within one week
after the exposure were studied by hght micro-
scopy In peneral, a greater hair cell loss was
noted in these amimals compared to thos¢
killed within 24 hours after exposure

Two antmals with one-week survival imes
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Fig 5 (a)Reticular lamina showing severe loss of sensory
cells 1 outer hair cell region (OHC) Specimen from
basal turn of an animal killed 7 days after a 118 dB 24-hour
exposure PC pillar cells (5) Deeper level of focus

after 24 hour exposures at 118 dB had massive
outer hair cell loss m the basal and second
cochlear turns In the areas where the outer
hair cell loss was virtually complete the nerve
fibers and endings peripheral to the tunnel of
Cort1 were clearly m the process of degenera
tion Breakdown and coalescence of newral
matenal 1n the outer hair cell region of one of
these animals 1s 1llustrated in Fig §

‘Where only scattered hair cells were miss
ing a patchy degeneration of nerve endings
was found to accompany the loss of receptor
cells An example of the neat correspondence
between hair cell and nerve degeneration
such areas 1s shown in Fig 6

After one week degeneration of myelinated
fibers was well advanced in regions tn which
the organ of Corti had been completely

showing swelling and coalescence of neural elements
(arrows) after loss of har cells HC Hensen cells Bars at
Tower left represent 10 mucrons ZIO stam

destroyed This 1s illustrated 1n Fig 7 which
shows degeneration of myelinated fibers ex
tending well mto the osseous spiral lamina
i an ammal killed 7 days after a 24 hour
exposure at 118 dB
An d and dramatic d

of myelinated nerve fibers 1 the extreme
apical turn was found mm two noise exposed
ammals in this group In one ammal the
apical degeneration occurred fn both ears, 1t
recerved a 4 hour, 120-dB exposure and had a
2-day survival ime The other guinea pig
which survived one week after a 24-hour,
118-dB exp showed of
apical myehnated fibers only n one ear In
each of these cases little or no damage to the
organ of Cort: itself was evident There was
1o loss of mnner harr cells or pillar cells and

Acta Otolaryngol 82
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Fig 4 (a) Nerve end ngs beneath the three rows (1 2 3)
of outer hair cells 1n upper basal turn of a normal guinea
pig cochlea (b) Swollen dense nerve endings (arrows) n

) Particularly with short duration exposures
and bnef survival times the boundaries of
focal lestons were sharp and distinct Im
mediately adjacent to the regron of total dis
ruption the reticular lamina often appeared
quite normal with no hair cells missing How
ever In these areas bordenng lestons the ef
ferent nerve endings beneath the outer har
cells were sometimes tmpregnated by the Z1O
stain 1n a peculiarly dark dense fashion An
example of this type of staiming reaction 1s
shown in Fig 3 Abnormally dark efferent ter
minals on outer hair cells were also found 1n
other portions of the basal and lower second
turns well removed from focal lesions In such
areas there was little or no loss of outer hair
cells but the clusters of efferent nerve end
ngs were stamed with unusual density and
they often seemed to be swollen or mis

Acta Otoluryngol 87
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upper basal turn from an antmal killed immed ately aftera
120 dB 6-hour exposure ZIO stan Bars at Jower leftre-
present 10 rucrons HC Hensen cells

shapen as illustrated in Fig 4 In one cast
darkly stained swollen efferent endings were
present i the basal turn of a cochlea in which
no focal leston occurred and only mior hair
cell Ioss was found following a 4 hour eX
posure at 120 dB These dense darkly stained
nerve endings were not seen m ammals mlh
post exposure survival umes of more than 24
hours

Neural changes seen within iwo 1o seven
days post exposure
A total of 8 ears from 5 amimals exposed at
either 118 or 120 dB and killed within one week
after the exposure were stadied by hght micre
scopy In general a greater hair cell Joss was
noted 1n these ammals compared to thos¢
killed within 24 hours after exposure

Two animals with one week survival tmes
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Fig 7 Massive lesion (left hand portion of n

basal turn showng total destruction of organ of Corti and
degeneration of myelinated nerve fibers 1 osseous spiral
lamina (OSL) 7 days aftera 118 dB 24-hour exposure BM

large diameter and could easily be traced
straight radially directly into the osseous
spiral lamina  The disorgamized meanderning of
these fibers peripheral to the osseous lamina s
Mlustrated in Fig 9 It should be noted that the
termnal course of these fibers s wholly un
charactenstic of the normal pattern of distnbu
tion of nerve fibers mside the organ of Cort:
The large size of the fibers suggests that they
mght be myelimated However, this could not
be determined with certainty 1n the silver
stained preparations i which they were seen

Within the osseous spiral famina n regions
where much neural degeneration had oc
curred  myelinated fibers were observed
which appeared to be looping back upon them
selves as shown m Fig 9 The course of such
fibers suggests that they mght have been
growing toward the habenula perforata only to
tum back in the direction of the modiolus be
fore reaching the basilar membrane

Finally 1n areas devoud of sensory epithe
hum t was occasionally possible to observe

basitar MF nerve fibers remain
1ng m region where organ of Cortr s stil present ZIO
stamn

tiny, beaded nerve fibers coursing near blood
vessels peripheral to the habenula perforata
These fibers were stained hghtly by both the
ZIO and stlver stains However, they could
sometimes be traced from within the osseous
Jamina outward to the basilar membrane usy
ally accompanying capillaries Such fibers
were seen in ammals killed as long as 2 months
post exposure, as shown in Fig 10

DISCUSSION

The present study demonstrates that a vanety
of structural alterations in the cochlear nerve
supply are observable by light microscopy fol
lowing notse exposure

Several of the neural changes seenin this in
vestigation can be readily correlated with
ultrastructural  alterations produced by
acoustic trauma which recently have been
descnibed by Spoendlin and other workers
For example Spoendlin (1971) found an in
creased density of packing of synaptic vesicles .

A
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and abnormally dense ground substance 1 ef
ferent nerve termunals after noise exposures
of one hour at 130dB This phenomenon prob
ably accounts for the dark staming reaction
and distorted appearance of efferent endings
on outer hair cells which we observed 10 am
mals with short post exposure survival times
It should be noted that these dense swollen
nerve endings were seen before any degenera

Acta O slar ng 4 8

Fg 8 (a)Nerve degenerat on (ar
rows) extend ng into osseous sp ral
lam na (OSL) in extreme ap cal tum
2days aftera [0 dB 4 hour et
posure (b) S m lar degenerat on of
myel nated { bers (arrows) 1 sp cal
turn of an amimal k lted 7 days after
a118dB 24-hour exposure Barsat
lower left represent 100 m crons
ISB imner sp ral bundle HC Hen-
sen cells ZIO stain

tion of the hair cells themselves was observ
able In an earlrer electron microscopic study
Engstrom & Ades (1960} also found swallen
nerve termmals at the bases of hair cells after
short-duration exposures to jet engine noise
The large clear spaces seen beneath the 1
ner hair cells apparently correspond to the
greatly enlarged afferent nerve endings
Spoendlin (1969 1971) has observed after
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Fig 9 (a) Regenerated nerve fibars (arrows) immediately
above basilar membrane (B 0 an area iz which the
organ of Corts was totally destroyed 118 dB 24-hour ex
posure 2 weeks survival ime (b) Myelinated nerve fibers

both noise exposure and 1schemia More re
cently Ades et al (1974) demonstrated a stm-
lar swelling of neural elements tn the inner
spiral bundle region of chinchillas exposed to
noise Also Lim & Melnick (1971) noted en-
larged mitochondna n afferent termnals on

(arcows) formmng loops m osseous spiral lamina (OSL)
adjacent to a severe lesion of the orgen of Coru 120 dB
8hour exposure 2 months survival time Silver stamed
specimens

mner hair cells of the guinea pig after noise
exposures lasting 4 to 24 hours

In areas of severe damage the afferent den
drites almost certainly rupture, and degenera
tion of the myelinated portions of the nerve
fibers quickly commences, as evidenced by

Acta Orol ol 8>



Ch G Wnght

>
—t
_T_—_“ ’

and abnormally dense ground substance i of
ferent nerve termmals after noise exposures
of one hour at 130 dB This phenomenon prob-
ably accounts for the dark staming reaction
and distorted appearance of efferent endings
on outer hair cells which we observed 1 am
mals with short post exposure survival yimes
It should be noted that these dense, swollen
nerve endings were seen before any degenera

Acta O daryngol 8

Fig 8 (a) Nerve degeneraton (ar
Tows) extending info osseous spiral
lamina (OSL) i extreme apical um
2days aftera 120dB 4 hour ex
posure (b) Similar degeneration of
myehnated fibers (arrows) i apical
turn of an animal killed 7 days after
2118dB 24-hour exposure Barsat
lower left represent 100 microns
ISB nmer spiral bundle HC Hem
sen cells Z10 stan

tion of the hair celly themselves was observ-
able In an earlier electron microscopic study,
Engstrom & Ades (1960) also found swollen
nerve ternunals at the bases of hair cells after
short-duration exposures to yet engine notse
The large, clear spaces seen beneath the 1n
ner hair cells apparently correspond to the
greatly enlarged afferent nerve endings
Spoendlin (1969, 1971) has observed after



simular to that observed by Engstrom et al
1966) m guinea pigs treated with ototoxic
rugs Also, the patchy degeneration of nerve
ndings and outer hair cells found m less
sverely damaged areas appears identical to
e degeneration Engstrom et al have de-
.nbed 1n ammals given ototoxic drugs or
xposed to impulse noise produced by small-
aliber fire arms
In therr study of ototoxicity, Engstrdm
tal (1966) demonstrated the presence of very
n, presumably autonomtc nerve fibers in the
winea pig cochlea which resist damage by
rug treatment Delicate, beaded nerve fibers
ere observed n the present study which ac
ompanted capillaries 1n the osseous spiral
amina and under the basilar membrane n
wreas of total destruction of the organ of Corti
uch fibers were seen in material from ammals
tled as long as two months post exposure
hese nerve fibers were also observable in
1ormal ears and have been noted previously in
umea pigs by Hawkins (1973) However,
fter degeneration of the sensory epithelium
ind myelinated nerve fibers they are easter to
bserve with the light microscope We are in
greement with Engstrom et al that such
bers are autonomic and that they persist after
estruction of the organ of Cortt and mye
nated nerve supply
A finding of the present study which de-
erves further mvestigation 1s the apparent re
eneration of nerve fibers 1nto badly damaged
egions The disorgamized, tangled course of
the nerve fibers seen near the basilar mem-
rane 1s so unlike the normal pattern of nerve
istribution that 1t seems unlikely that they are
merely survivors of the acoustic trauma which
alled to degencrate Also the large diameter
of these fibers indicates that they may be mye-
ated 1n a position well distal to the habenula
perforata In addion the pecular hairpin
loops formed by myelinated fibers 1n regions
of extensive degeneration are suggestive of re-
generative activity within the osseous spiral
lamina It should be recalled that Johnsson &
Hawkins (1972) have described occasional

Neural damage after noise exposure 93

myehmated nerve fibers wandering along the
basdlar membrane m portions of the cat coch-
lea d d by tr and 1n
Dalmatian dogs with hereditary deafness In
rare cases, Johnsson (unpublshed observa-
tions) has seen such fibers in human matenal
as well These observations, therefore, mdi-
cate that the peripheral processes of cochlear
ganglion cells do possess some capacity for re-
generation following injury
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ZUSAMMENFASSUNG

Es wurde ene hchlmlkmskoplsche Untersuchung der
Ner
nach 4 bis 24slundlg=r Besthaﬂung (8 kHz Oktavband
118-120 dB SPL) durchgefihrt In Tieren die mnerhalb
von 24 Stunden pach Lirmemwirkung getétet wurden
konnten anomale Nervenenden unterhalb der inneren und
auBern Haarzellen gefunden werden Degeneration von
myebrusierten Nervenfasern konnte sofort nach 24stun
diger Beschallung beobachtet werden Obwohl Nervende-
m Gefolge von Haar mehrere Tag
nach Beschallung gefunden wurde trat Degeneration von
myelimsierten Fasern in einigen Fallen ohne bemerkens
werten auf In schwer R
gtonen waren nach bis zu zwer Monaten noch Nervenfa
sern 1n der Nahe von Kapillaren vorhanden In drer
Tieren wurden distal der Habenula perforata Nerven
fasern gefunden die anschenend m Regionen regenenert
hatten 1n denen das Sinnesepithel zerstort worden war
Hinweise auf regenerative Akuvitat wurden auch m der
lamina spirahis ossea beobachtet
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NEUE TIEREXPERIMENTE ZUM AEROBEN UND ANAEROBEN
INNENOHRSTOFFWECHSEL

H Jakobs, P Lotz, K -D Kuhlund E -J Haberland

Aus der Ktinik und Polikhnik fir Hals Masen und Okren krankheiten der
Martin Luther Unoersitat Halle-Wittenberg DDR

(Eingegangen am 20 September, 1975)

bstraki Dic Innenohrfunktion 15t an eme standige
averstoffzufubr gebunden Em Bewers dafiir ist die
DH Untergruppenverteilung 1m Innenohr &e an acht

Arten wurde Ein

32 1 Innenohe lafit sich pastmortal bet den Arten nach

vessen die uber Glykogenvorrite im Innenohr verfigen
1e MP, sind durch Glucose und Jodacetat Perfusion der
calen beenfluBbar Bei Sauerstoffzufulr werden die MP

lurch Jodacetat nicht erntednigt

te Umsetzung mechanischer n elektnsche
nergie 1m Innenohr erfolgt unter zusitzlicher

ung aus bioch hen Prozes-
en Es bestehen heute kaum noch Zwefel,
aB diese Stoffwechselenerme pang uber

4

chondnen und Enzymen der Atmungskelte
(Smith, 1958, Wersill et al , 1961, weitere
Luteratur bet Schatzle, 1971),

die aus der Iscenzymverteilung der Lactat-

ydrog ber
H-Unter dien den In-
nenohrstrukturen  wert iiber der 50%-
Grenze hiegen (Lotz et al , 1971, 1973)

Eine eventuelle Betelligung der anaeroben

Glykolyse an den energreliefernden Prozessen
der Schalllransfcrmauon 1st bis jetzt aber noch

viegend aus der aeroben Glukosev

ehefert wird Dafur sprechen

| die jedem Khmker bekannten Innenchraus-
falle, die auf mangelnde Durchblutung und
damn aut mangéinde Saverstottzuluhr zu
ruckzufuhren sind (peninatale Schaden, Ge
faBerkrankungen, Asphyxien usw ),

t Fur eine Betedigung

der Glykolyse sprechen

1

Strta vasculans und Cortt Organ sind gut
mt glykolytischen Enzymen ausgestatiet
Diese Aussage bezieht sich allerdings nur
auf Meerschweinchenversuche (Vosteen
1961, Thalmann et al

, 1970,
das steile Absmken des endoly 2 ber emigen Arten, z B Meerschweinchen,
Ruh und des Mikroph Ratte, K h Ratte, K h

tals 1m Tierversuch wnter Anoxie, die
nach baldiger Wiederbeatmung schnell auf
thre normale Hhe ansteigen (Davis 1955,
Konishietal , 1961, 1967, Thalmann, ctal ,
1963, Deutsch, 1964 Tsunoo & Perimann,
1964, Lawrence & Arbor, 1965, Honrubia
etal, 1965, Faltynek & Vesely, 1967),

die solide grundausslal!ung der Sma vas-
culans ynd des Cc )

w

wiir-
den hohe Glykogeavorrate @ der Striy
vasculans und dem Cortischen Organ ge
funden (Vosteen, 1963, Vinmkov & Tiova,
1962, Falbe-Hansen, 1963, Schatsle, 1971,
Stack & Webster, 1971, Ishy ef o}, 19,
Thalmann, 1973),

das postmortale Mikrophanpotents o, M1,
15t 10 den ersten 30 Min stoffwcchrelah
hanpg
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\J/F Abb 1 Mikrophorpotentiale des

Meerschweinchens bei apnoischer
Pause

wes .
3 o
I-s
(\-”
T -
;': - wmeischs Pouse
o 1 2 3
Zait

Die Zeit 0 bedeutet beginnende Anoxie
oder Exitus, der Kurvenverlauf 1st in beden
Fallen identisch Der Exitus ber expenmen-
teller Anoxie zeigt ken sigmfikantes Merk-

h

Gegen eine Betelligung der Glykolyse bel

ausrerchender Sauerstoffzufuhr sprechen

1

em Anteil des MP, 1st unter Sauerstoff
Beatmung auch mm Experiment micht ef

mal Unter EmfluB einer perly

Glukoseperfuston (Na* 148 mM, K+ 5,8 mM,
Cl~ 5,8 mM, SO, 74 mM, Glukose 74 mM)
bleibt das MP; langer stabil bzw der Abfall
wird verzogert Perfusion mit Jodacetat (Na*
148 mM, K* 5,8 mM, C1~ 144 mM, Jodessig-
saure {0 mM), emem Glykolysemhibitor, be-

schleumgt dagegen den Abfall des MP,

Die Versuche zeigen, daB be: vollstandiger
Anoxie oder nach dem Exitus beim Meer-

~\ schweinchen das MP, etwa 20 Mm

lang

anaerob, d h glykolytisch erhalten bleibt Der
,1)Befund steht nicht im Widerspruch zu den An-
gaben, daB das MP, rein physikalischen Ur-
sprungs se1, weil der Q10-Quonent auf etwa t
absmkt und das MPY, ketne Sattigung zeigt
Diese Beobachtungen gelten nur fur ene MP,
Registnerung 1 Std oder langer post mortem

(Low, 1973)

Acta O1 darsngol 8
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w

1 H

Etne Jod. nhiberung 1st bet
10-2 und 10' mM Konzentration berm
Meerschweinchen uberhaupt nicht, ab §
mM Konzentration wenn uberhaupt, nur
sehr schwach nachweisbar Betdieser Kon
zentration 1st aber schon an eme Beew
flussung des Atmungsstoffwechsels zu
denken

ber erhohter Larmexposition 1st hemn An
stieg des Lactatspiegels in der Perllymphe
nachweisbar (Haupt et al , 1974),

die LDH Untergruppenverteilung (Abb 2
15t be1 vielen Arten rein aerob, bet anderen
Arten (Mensch, Ratte) muB nach brochemt
schen vergleichenden Betrachtungen auf
emne generell genngere Leistungsfahigkest
und nicht auf eine gestiegene Glykolysebe-
tethgung geschlossen werden,

B St vascdaris
Htat ogen

Abb 2 Prozentualer Anteil det
LDH 1 Unteremhent bes versch e
denen Arten
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Abb 3 MP; Ableitung beim Meer

20 . o (%

em Absinken der Glukose — und Glykogen-
Reserve beim Meerschweinchen st erst 10
Min post mortem nact

0
Zait [mis]

Aus allem 1st zu entnehmen, daB die Sauer-
stoffversorgung auch fiir das menschhiche In

(Matsch
sky & Thalmann, 1967),

v emige Arten verfugen uber gar keine Gly-
kogenvorrate im Innenohr, z B Maus, Fle-
dermaus und Katze (ISHIT et al , 1969)
Das druckt sich auch, im MP; Verfauf aus
Die Ratte zeigt em dem Meerschweinchen
ahnliches Bild, der Abfall erfolgt jedoch
wesentlich schneller Ber der Maus hin-
gegen st praktisch diberhaupt kenn MP, zu
erkennen

MP Amplitude ,;,

nenohr unbed Ieb endrg st Ein
Ausfall kénnte von thm nur fir etwa 5-20 Min
tolenert werden und auch nur dann, wenn
das menschliche Innenohr ber Glykogenvor-
rate verfiigt Wir hoffen m Kiirze diese Wis-
sensldcke schiieSen zu kénnen Mit unserer
Aussage sttmmt auch berem, daB wir durch
eme medikamentdse Beemflussung des Innen-
ohrs wohl schwerhdngen Patienten noch teil-
wesse helfen knnen, bet vélliger Ertaubung
aber alle MaB zu spit k

Abb 4 MPrAblaitung ber Ratte

762958

ond Maus
2ot [min)
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Jedwede therapeutische Unterstiitzung der
Sauerstoffversorgung ist deshalb ein Schntt in
dieser richtigen Richtung. Die wirkungsvollste
Methode fiir eine Hilfe bei eingetretenem
Schaden und noch mehr als Prophylakticum
fur das Cortiorgan zu finden 1st unser der-
zeitiges Hauptanliegen.

SUMMARY

The nner ear function 1s bound up with a permanent
oxygen supply The evidence of it are the patterns of the
LDH subunits in mner-car of eight species The inner
car energy tumover of glycolysis post-mortem was dem
onstrated at those species possessing glycogen stor-
ages The MP; arc alterated by perfusion of glucose or
1odoacetic acsd Duning oxygen respiration the MP are not
decreased by 1odoacetic acid
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PROTEINSTUDIE ZUR FRAGE DER
PERILYMPHSUBSTITUTION DURCH LIQUOR CEREBROSPINALIS
V1A AQUAEDUCTUS COCHLEAE

E G Klemschmdtund U Vick

Aus der Hals Nasen Ohrenklinih der Unnersitat Rostock Rostock DDR

(Ewgegangenamd Jum 1975)

Abstrakt Der Gesamtprotemgehalt 1n der Penlymphe der
Scala lympam und der Scala vestibuli sowie sm Liquor
wurde unter
der Pr am M h h hi
Aus den gefundenen Proteinkonzentrationen — mut oder
ohne subarachnoidaler Punktion vor der Pentymphge-
winntingber gennger und grolerer tympanaler Pro-
ber g und
ber Entnahme post mortem - wird geschlulsl‘olgen daB
auch unter physiologischen Bedingungen durch den
‘Liquornachfiuf iber den Aquaeductus cochleae eme Ver
dunnung der Proteinkonzentration der tympanalen Per

untersuchungen zwischen Liquor und Pen
lymphe (Palva & Raumo, 1971, Makimoto &
Silverstein  1974), Registnierung der Druck
verhiltmsse und des Druckausgleichs
zwischen den Raumen des Liquor und Pen
lymphsystems (Gestewitz, 1971, Beentjes,
1972), Verfolgung der Ausbreitung von
Tracersubstanzen, die 1n den Subarachnoidal
raum m die Innenohrfliissigkerten oder in das

Iy mphe m der erfolgt Die
Proteinkonzentration des Liquors 1st etwa vierfach ge
nnger  bezogen auf den Durchschmittsgehalt der Peri
Iymphe und eignet sich deshalb gut fur Studsen deser
Art Inder vestibularen Penlymphe wurde gegenuber dem
Gesamunhalt der Scala tympam emne signifikant hohere
Protemkonzentration gefunden

Neben der Ansicht, die Penilymphe ses haupt
sachlich em Ultrafiltrat des Blutes (Schindler,
1965, Schnieder, 1975), vertreten viele Auto-
ren die sich gerade i jungerer Zen mt der
¢ h dieser Probl 1k b

ten die Memung die Penlymphe rekrutiere
sich vommehmiich aus dem Liquor cerebro-
spinalis  Als ZufluBwege werden die Pent
vaskular und Penneuralraume (VIII Him
nerv) h: hlich aber der A d

ht werden (Sando
etal , 1971 Komakl 1972, Juhn & Guzowski,
1973, Silverstein et al, 1973), Erforschung
des strukturellen Aufbaus des Aquaeductus
cochleae und die Auswarkungen ewnes expen-
mentellen Verschlusses (Anson et al , 1965,
Palva & Dammert, 1969, Kmmura et al,
1974) Fur emne endpuitige Klarung 1st emne
extreme Verfeinerung der analytischen Ultra.
mikromethoden und emne Beherrschung der
Probenentnahmetechmk notwendig Zum an
deren setzt aber die exakte Beherrschung
der Entnahmetechnik eine genaue Kenntnis
der Zirkulationsverh der 1 h
fl voraus S g, Resorption
und Austausch mit anderen Flussigkets

cochleae angesehen (Arnold & v Ilberg 1971,
Arnold 1974, Federspil & Gloebel 1974
Wicke & Firbas, 1974) Zur Klarung dieser
Verhaltnisse wurden bushcr folgende Metho-
den her Verglerch

Y lassen le Kon:
unterschiede entstehen Damit gewmnt der
Ort der Probenentnahme an der Cochlea er-
hebliche Bedeutung

Es wurde versucht, uber die Bestimmung

i .

des G h wm Liquor.und in

—
Art
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der Penlymphe der Scala tympam (fraktio-
nierte Entnahme) sowie der Scala vestibuli
emen Bertrag zur Klarung des Problems zu
liefern Die Protembestimmung bietet sich
hierfir an da nach den tishengen Erfah
rungen die Konzentration in der Penlymphe
etwa vierfach hoher 1st als im Liquor Als

brechen des Felsenbemnes mut Freilegung der
Cochlea Eroffnung am Helicotrema frak
tionierte ty pt hme durch
das runde Fenster und anschhieBend vest-
bulare Perilymphgewimnnung durch emn Bohr
loch n der Basalwidung Samthiche Opena
tionen wurden mnerhalb 10 min nach De-

le Penily

Ver e dienten Meersch hen Die
P t erfolgte 1n Anleh an
die Methode von Lowry et al (1951) foto-
metnisch 1n Mikrokuvetten Fur emne Bestim
mung wurde 1 ul Penlymphe oder Liquor be
notigt

METHODE

Meerschweinchen (Gewicht zwischen 200 und
250 g positiver Ohrmuschelreflex) wurden 1n
Athylurethan Narkose prapanert

Senie I Nach Eroffnung der Bulla erfolgte
ohne wertere Vorpraparation die Penlymphge
wmnung m der weiter unten beschriebenen
Weise

Sene II Vor Eroffoung der Innenohrraume
wurde subokzipital punktiert Dazu wurde die
Membrana atlanto-occipitahis dargestellt und
mit emer spitz ausgezogenen Glaskapillare

kap ausgefuhrt

Nach beidseitipem  Zuschmelzen der
Kapillaren erfolgte Bestimmung der Blut
beimengung uber die Ermuttlung der Erythro-
zytenzahl Dazu wurden die Proben tnden Ab-
nahmekapillaren (gleicher Innendurchmes
ser') nachdem sich die Erythrozyten b
waagerechter Lagerung der Kapillaren abge
setzt  hatten unter dem  Mikroskep
beurtelt und mut emner Standard Verduo-
nungsrethe  bekannten  Erythrozytengehalts
unter gleich Bed. verghch
Stufenweise Zuordnung der Perlymph und
Liquorproben bezuglich Blutbeimengung nach
emer Prozentskala von 02 01 005 007
00! 0005 und 0 001 wurde vorgenommen
Proben mut emem Blutgehalt uber 017
wurden nicht verwertet Nach Abschatzen des
Blutgehalts wurden die Kapillaren zentn
fugtert (2 mun ber 15000 U/mun) und durch Ab-
der Kapillarspitze vom Erythro-

d entfernt Mit den auf 1 pl g¢

vorsichtig durchsto8 Nach AbflieBen des hneid
unter Druck stehenden Liquors (gleich zy
Prob g fur die Pr L )

wurde mut spitz ausgezogenen Kapillaren
unter mkroskopischer Sicht und muttels
Mikrokolbenburette Penlymphe aus der
Cochlea gewonnen Sofort nach Eroffnung der
Cochlea am Helicotrema wurde tympanale
Penlymphe durch das runde Fenster ent
nommen (entweder n zwer Fraktionen mog
lichst schnell hinteremnander oder n unter
schiedlicher Menge 2zwischen 1 und 25 ul
bzw zwischen 3 und 5 ul) AnschlieBend er

eichten Microcaps erfolgte die Dosierung der
Proben Unter Beachtung der von Glasser &
Kleine (1962) erarbeiteten Verbesserungen ¢f
folgte 30 min nach Phenolreagenz Zugabed¢
kolonmetnische Messung 1n 1 cm Mikrohuve!
ten ber 750 nm gegen emen Leerwert (stall
1 ul Probenflussigkeit 1 pl Aqua b dest) B
jeder Bestmmungsrethe wurden zur Uber
prufung der Eichhurve (Human Album n 3
Testansatze entsprechend 25 100 und 500 mg/
100 m] mitb

folgte durch em Bohrloch 1n der Basalwindung
der Scala vestibult die Entnahme vestibularer
Penlymphe

Sente III Dekapitation der Tiere Heraus

v S ) Wiretrol M crop pettes 1 M crocaps Drummond
Sc entif ¢ Company USA

A a0 donnrol &

ERGEBNISSE UND DISKUSSION
Eine hommumkation zwischen Subarach
und Penlymph kann auf
Grund der vielfachen experimentelien Befunde
als gesichert angesehen werden Dem Aquae-
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abelle] Proteingehalt der Pertlymphe bei fraktiomerter tympanaler Entnahme Liquorraum nicht eroffnet

tyl tyll ve

wl % c w % c ul % [

1 0005 46 3 01 137 1,5 001 196

1‘55 001 st 3 o0l 8S 15 o0t 38

15 0005 33 15 0005 50 2 001 200

15 0001 45 2 002 101 15 0005 227

15 001 93 2 01 121 15 001 232

2 0005 40 2 0005 55 2 005 240

15 0005 33 45 001 34 2 001 150
49 9% 12
207 410 s

o

y1 erste Fraktion der tympanalen Perilymphe Abnahme durch das nmde Fensler ly“ zweite Frakuon ve vestibulare
n

enlymphe @l Probenmenge im M kroliter

]

fittelwert s Standardabweichung

hl d

uctus mufl eme de Rolle
et der Verbindung beider Systeme zugemes
enwerden wie auch die Untersuchungen von
omaki (1972) und Moscovich et al (1973) er
aben Die Durchl, keit wurde h

h

It der Proben m mg/100 ml m

erarbeitet (Musebeck, 1965, Amold & v 1
berg 1971, 1972, Arnold 1971, 1974)

Aus dem bisher Dargelegten ergibt sich die
Nolwendngken des Auftretens biochemischer

wch an Katzen und Meerschwemchen unter
ucht und bestatigt Arnold (1974) betont
a8 sich 1im Gegensatz zu fruheren Ansichten
us neueren Untersuchungen auch fur den
M hen eme entspr g des
Aquaeductus cochleae fur die Penlymph
substitution durch Liquor ergibt Die Aus
tauschvorgange schemen von artspezifischen
und idividuellen Ergenschaften des Aquae
ductus cochleae abhangig zu sein (Wicke &
Firbas 1974)

Tonndorf (1972) spricht von emem 3
Fenster' des Innenohres und meint damit die
Kommunikationsmoglichkeit uber den Aquae
ductus sowie die penineuralen und perivas
kularen Kanale Nach Schaltenbrand (1949)
und Arnold (1974) sollten die Perilymphraume
als Extrazellularraume verstanden werden
welche 1n die offene V.

B

chiede EmeB
n dieser Richtung erbrachten kurzlich Maki
moto & Silverstein (1974) mit dem Nachwets
daB der Elektrolytgehalt von tympanaler und
vestibularer Penlymphe erheblich differtert
Ste fanden, daB ber Katzen die Konzentration
an Natium und Kaliumionen der Penlymphe
aus der basalen Windung der Scala tympam
dem Lrquor ahnlicher 1st als der vestibularen
Penlymphe
Unsere Versuche ergaben daB der Protein
gehalt der tympanalen Penlymphe sigmfikant
miedriger 1st 1im Verglerch zur vestibularen
Pentymphe Die ber Rauch. (1964} zmamman.
1l Angab zur Meer

penlymphe und wentere Literaturangaben be
zichen sich auf eme summansche Protemkon
zentration und reichen von 42 mg/100 m! bis
zu 400 mgfi00 ml (Schindler et al 1965

d zwischen  Schnsed
extrazellularer Flissigkent Liquort und
Extrazellularflussigkeit Lymphe einge

schaltet sind An verschiedenen Stellen finden
Vorgange der Resorption und der an
reichernden Produkuion statt Auch @ber die
AbfluBmoglichketten zum  Lymphsystem
wurden in den letzten Jahren Vonlcllﬂgcn

» 1968) Rauch differenziert die Pen
lymphe des Meerschweinchens und gibt 58
mg/100 ml fur die Scala tympani und 114 mg/f
100 ml fur die Scala vestibull an Scheibe
et al (1975) finden 1im Proteingehalt kemen
signifikanten Unterschied zwischen beiden
Scalen, sie diskutieren Werte zwischen 100
und 200 mg/100 m]

Acta Otof
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Tabelle Il Proteingehalt des Liquor cerebrospinalis beim Meerschw einchen

1 2 3 4

5 6 7 8 9

% 001 001 001 0001
¢ 2 38 28 43

0 005
53

00! 0001 001 001
30 37 38 42

m=38 mg/100 m! s=7 2 Bedeutung der Symbole siche Tabelle §

Ber Katzen fand Silverstemn (1966) unter

hiediich Pr k rationen tn den
Scalen, namlich tympanal 160 und vestibular
273 mg/100 ml Auch Palva & Raunto (1969)
fanden betm Menschen, allerdings 1bis 2 Tage
post mortem mut Werten von 280 mg/ml fur
die Scala tympant und 312 mg/100 ml fur die
Scala vestibuli emne betrachtliche Differenz

Bet zwermaliger Entnahme zentlich unmuttel
bar hinteremander aus der Scala tympam
durch die runde Fenstermembran (Tabelle I)
wurde 1n den ersten Proben eme mut durch
schnittlich 49 mg/100 ml sehr geringe Protein

100 ml an Fur menschhchen Liquor cerebro-
spmalis nennt Rauch (1964) 20-30 mg/100 m!
nach Ruedi et al (1965) besteht eine honzes
tration von 18 mg/100 m! Der Subarachnordal
raum wurde von uns ber den Tierversuchen
der Sene I micht eroffnet, so daff es wahr
scheinlich 1st, da8 bet Eroffnung des Pen
lymphraumes Liquor durch den Aquaeductus
cochleae nachfloB und sich i semem hochlea
ren Mundungsbereich mit Penlymphe der
Basalwindung vermischte

Der Protemnmuttelwert der zweiten Proben
die schnell durch Abziehen der restlichen

kon ation gefunden, die Beziet zum
Liquor cerebrospinalis vermuten laBt
Fur den Liquor ergab sich eme durch
schittiche Proteinkonzentration von 38 mg/
100 ml (Tabelle II) Citron et al (1956) geben
) 20 mg/100 m! Schindler et al (1965} 210 mg/

ty len Perilymphe g wurden
betragt 96 mg/100 ml Hierbe durfte es sich
um Penlymphe aus den oberen Schnechen
windungen handeln (am Helicotrema war
eroffnet worden), allerdings auch vermischt
mit nachflieBendem Liquor Zwschen den

Tabelle 11t Proteingehalt der Perilymphe ber untersclhiedlicher ty ler Eninah
Liquorraum vorher eroffnet Blutbeimengung aller Proben klewner als 0 1%
Sene A SeneB
Tympanal Vestibular Tympanal Vestibular
ul ¢ al c ul c » ¢
1 25 n 25 221 1 45 103 55 103
2 25 57 3 184 2 45 108 3 E
3 2 193 2 182 3 s 23 2s 240
4 s 7 Is 243 4 3 151 3 200
s 2 72 2 168 s 4 145 3 m
6 2 58 2 152 6 k] 102 3 206
7 2.5 80 3s 205 7 4 140 4 212
8 2 100 55 220 8 3 169 2 287
9 22 101 3 213 9 s 213 45 1%
10 2 143 3 170 10 3s 80 3s n
m 100 202 1 3s 1w 35 205
< 402 430 12 4 137 3 133
m 14z 205
s s 87

Sene A tympanale Probe 1-2 5l vestibulare Probe durchschmitthich 2 8 ! SencB tympanale Probe 3-5 0 vestbullr®
Probe durchschnittlich 3 6 4 Bedeutung der Symbole siche Tabelle |

Acta Otolaryngol 8%



Proteinstudie zur Frage der Pertly mphsubshtution 103
tor Entnak
abelle IV Postmortaler Protengehalt der Penlymphe be: frak nmp
10 mun post mortem
1yl tylt ve
It % < fnl “© < u % <
15 00° 145
H o B¢ 0w M (-
73 2 002 m 15
i :i gg‘l)s 102 15 g(l)l Ilg 15 001 Zli
[ 143 15 - -
Z 2|s °oog 156 25 oot 151 15 ngels 3;
7 2 01 170 25 002 256 s goo* 2
3 15 0001 193 25 0001 7 15 o002 9
9 2 0l 1;; - - - - -
g T 2 0 i 01 s
140 s 000§ 246 15
: :; g%g 237 25 01 21 15 0005 ‘gs
m 147 196 3
) I3 434 427

Bedeutung der Symbole siehe Tabelle 1

beiden Durchschmttswerten aus dem basalen
uad oberen Berewch der Scala tympam 49 und
96 mg/100 ml (Tabelle ) besteht nach dem ¢
Test em sigrufikanter U d mut 95%

nngere EiweiBkonzentration vorzuhegen als
mden den Sch

Um vollig sicher zu sem daB wahrend der

Wahrschemnlichkert Zwischen beiden Werten
besteht zur Proteinkonzentration der Scala
vestibul mit durchschmttlich 212 mg/100 ml
ean signifikanter Unterschied von uber 99%
Wahrscheinlichkert

Zur Ausschaltung oder wenigstens Herab
setzung des Liquornachflusses wurde vor Er
offnung der Innenchrraume der Liquorraum
punkuiert Theoretisch muBte durch den ab-
flieBenden Liquor eine Druckentlastung des
Aquaeductus erreicht werden Die hoheren

tympanalen Proteinwerte (Tabelle 111} scher
nen dies zu b BerE

Penlymphabnahme keine Beemflussung durch
Liquor uber den Aquaeductus mehr moglhch
1st, wurden bet ewner weiteren Sente die Trere
getotet und die Felsenbeme herausgelost
Nach Usntersuchungen von Sidversten &
Gnffin (1970) an Katzen 1st die Veranderung
der Protemkonzentration 1 der Penlymphe
post mortem sehr genng Die nach Auf-
brechen der Bullam gleicher Weise wie besden
anderen Senen und in emem Zestraum von 4-9
mn post mortem gewonnenen Penlymphen
ergaben noch hohere Protemnwerte (Tahelle
1V) Interessant ist aber, daB auch hier bex der

Proben wurde 1m Durchschmit 100 mg/100 mi
gefunden ber groBerer Prob d b ber

fi rten Penlymphgewin
Tung emn Gmdxem 1 der Proteinkonzentration

Muterfassen der tympanalen Penlymphe der
oberen Windungen 142 mg/100 ml In beiden
Fallen (Sene A und Serie B m Tabelle 1Y) er
g1bt sich nach dem ¢ Test zwischen den Muttel
werten der tympanalen und vestibularen Pro-
teinkonzentration e signifikanter Unter
schted mut uber 99 % Wah dichkest Auch

funden wurde im Sinne emer Proteinzu
nahme zur S ze Die

Auswertung nach dem ¢ Test ergab fur die
Mnttelwerte der ersten und zweiten Fraktion
aus der tympanalen Scala, 147 und 196 mg/100
m} eme sigmfikante Differenz mit 955 Sicher
hert FaBt man die postmortalen Werte fur die

b,

unter physiologischen Bedingungen schent im
basalen tympanalen Schneckented eine ge

Pri aus erster und zweiter
Fraktion so

um Durchschmtt fur die Scala ty

ty
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mgf100 m! Dieser Wert tst nach dem ¢-Test mit
emer stat hen Wahrschernlich von
etwa 97% verschueden vom vestbularen
Mittelwert fur die Proteinkonzentration 231
mg/100 m! Es 1st anzunchmen, daB ent
sprechende Verhaltmsse auch unter physio
jogischen Bedingungen vorliegen

Mit Ausnahme emer stch andeutenden Ten
denz der Zunahme post mortem, wurde bel
allen Untersuchungen fur die Perllymphe der
Scala vestibuli praktisch der gleiche Wert ge
funden Aus unseren Versuchen erhellt die
Problemattk der Penlymphgewinnung  spe
ziell aus der Scala tympan: Eme besonders
kntische Betrachtungsweise erfordert die
Beurtetfung der Penlymphe der Basalwin
dung

Bet allen Untersuchungen muB die
Existenz des Aquaeductus cochleae und der
durch thn 1n das Penlymphsystem einflieBende
Liquor cerebrospinahis berucksichtigt werden

eit

SUMMARY

Total protein contents 1 the penlymph of Scala vestibul
and Scala tympani as well as m the cerebrosp nal flud
{CSF) of guinea pigs were determined by which speci
/mms were taken under the following vanous conditions
With or without subarachnoidal puncture before pen
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CEREBELLOPONTINE ANGLE TUMOURS, OTHER THAN
ACOUSTIC NEUROMAS

A Report on 34 Cases
A Presentation of 7 Bilateral Acoustic Neuromas

J Thomsen

From the Unnersity ENT and Neurosurgical Departments
Rugshospialet Copenhagen Denmark

(Recerved August 15 1975)

Abstract The symptoms preoperative diagnostic results
and histological findings m 34 cerebellopontine angle
tumour cases other than acoustic neuromas are pre

sented The memngeomas domnate by far this group of
tumours The symptomatology 1s much less umform than
that of the acoustic neuromas where the VIII nerve
15 domuiant The facial nerve 1s less mvolved whereas
the other cranial nerves give symptoms more frequently

One remarkable sign 1s the presence of severe tngeminal
neuralpa which we have not encountered in acoustic
neuromas Only 35¢7 of the non neuroma patients had
elevated spinal fluid protein compared with 1004 m our
acoustic neuroma cases Furthermore 7 patients with
bitateral acoustic neuromas are presented The connec

tion with von Recklinghausens disease and multiple
memngeomas is discussed

In previous papers we have reported the diag-
nostic and surgical findings 1n 125 patents
with acoustic neuromas operated on dunng
the period 1957-1972 at the neurosurgical de-
partment Rigshospitalet Copenhagen

Duning the same period 34 tumours other
than neuromas have been encountered in the
cerebellopontine angle In this paper we report
the diagnostic findings in these tumour cases
with spectal reference to the differences be
tween the acoustic neuromas and these
+ other tumours The tumour pathologies are
Listed and discussed

This paper has been supported by a grant from the P
Carl Petersen Foundation (Grant po B9™1s
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In addition, this report deals with 7 patients
with bilateral acoustic neuromas

PATIENTS AND RESULTS

Of the 34 patients n the present seres, 4 were
younger than 30 years and 10 older than 60
A 2 year old baby was the youngest, a man of
73 the oldest patient The majonty were 1
the age group 30-60 years There are twice
as many women as men (Fig 1) 30% were
seen within the first year of the disease and
55% between one and 5 years after the debut
of the symptoms *Only” 15 had had
symptoms longer than 5 years (Table D) In
Table H the patients’ indications of their first

Number of pat ents ——
2

0 »60 Age yre s

Fig | Age distnbution of 34 patients with cercheliopo®
ttne angle tumours other than acoustic neuromas

Touaes0



Cerebellopontine angle tumours other than acoustic neuromas

able 1 Length of history 1n 34 patients with
rs of the cerebellopontine angle (non
wromas)

vear 1 Syeans 5 years
19 5
3 e) 1550 sy

ymptoms are set out It should be noted that
eanng loss and vertigo only accounts for just
ss than S0% 209 started by from

8% 33 5%

eadaches while 5 patents (15%) reported
neuralgia The cramal nerve findings
t the ume of diagnosts are shown m Fig 2
7% had normal heanng 50% normal calonc
eaction The remamder of the patients had
1ng degrees of heanng loss and canal pare

15 12% showed ny:

§ 8 S B Numbe osatens

Fig 2 VI gerve symptors 18 33 panens wih cere
bellopottine angle turiours other than acoustic neuromas

other cramal nerves spmal fluid proten con-
tent and other neurological deficits 59°¢7

€% positional nystagmus
Facial and trnigemunal nerve mvolvement
the diagnosis are shown in Fig 3 The sen
ory function of the facial nerve 1s evafuated
., testing the intermedius nerve 26¢% had
deficiency on the anterior two-thirds of
tongue while 38% had dimunution of the
dlacnmal reflex (Thomsen & Zilstorff,
) Four patients (12%2) had facial palsy
44¢¢ had d comeal

showed bellar sympt: 29¢Z bramn stem
symptoms 15¢Z were mentally detenorated
24¢% had ncreased intracranial pressure
evaluated by choked discs while 3562 had
elevation of the spnal fluid protein con
tent

Table 11 sets out the distribution of histo-
logical diagnoses 11133 of the 34 patients The
last patient only had a radiologically venfied
tumoar eroding the petrous apex Mo histo-

>oberg Ans 1955) and 29%% dumunsshed fa
sensiivity  Two patents onlv (6%) had

germnal motor deficiency

In 8 pauents (234%) therc was

f cramal nerve mvolvement

1T or VIIT 1n order of ~

IV ILT

Fig 4 indicates the fi

1able 11 First subjecine
tents with tumours of the
wngle (non neuromas) -
eanng loss
“rgo -
feadacte ™,
Ingemic, a

'

logreal di was ilable It 15 clearly
that the menmgeomas by far domunate

of tumours 1247 of the total num-
cllopontine angle tumours en

our department (125 acoustic

> 34 other tumours) They are

listnbuted between the endo-

fibromatous and transisonal

uuy menmgeomas were

h memnzeomas had
1 association One
gone removal of an
ast § years prior to

v His main symp-
| neuralzla head

$ At operation a
ma was removed
» of adeno-

Acta Ovdaryngod 22



108 J Thomsen

254 R kixd
| e Tos o te mmocr
RV —-
=] Faca patcy
b e st s v
e — O RV
—— Brceases mco sensh y
S 0 " 20 Numbe of pat ents

Fie 3 V + VII nerve symptoms in 34 patients with
cerebellopontine angle tumours other than acoustic
neuromas

carcinoma type Six months later he had signs
of recurrence of the angle tumour, and died
one month subsequently, without reoperation
The other patient was a 54-year-old female
who, 1n add to a fibr

oma, also had a meningeal sarcoma and a gho-
sarcoma of the left temporal hemisphere The
patient died one month after the operation
{exploratory)

Next tn order of frequency are the epider-
moids or pnmary cholesteatomas, and the
- hrachnoid cysts, each group containing 4 pa-
/ucms. 25% of the total cerebellopontine
angle tumours The youngest patient 1n the
matenal was a 2-year-old girl, with a malignant

25% 50/ %Y

E——— e o nee ¢ mvoiemen
e ————— R NN
—— Bon sem upmpams
f—— Sowe Rua prosen ¢ ove sen
ma—] P oe e paren
F—— Cnacted ares

5 0 15 0 Number of pol ents

Fig 4 Other neurological deficits 1n 34 patents with
cerebellopontine angle tumours other than acouste
neuromas

currence of a tumour (24 %) 6 memngeomas
one epidermoid and one mahgnant tumour
(adenocarcinoma) Five patents died in con-
nection with the operation or dunng the post
operative period Two were endotheliomat
ous meningeomas, large and severely bleeding
tumours, one patient with a chordoma and 2
patients with malignant fumours Three other
patients died, 2 of meningeomas after 6
months and 2 years respectively, due to re
currence of tumour, and one patient with
adenocarcinoma metastasts after 6 months
also due to recurrence Of the living patients

5 (19%) got a facial palsy
1In our report on 125 acoustic neuromas we
hymal type, d7p with bl 1 acoustic

anaplastic  tumour of
probably a reticulosarcoma Six days after an
attack of acute otitis she developed paralysis
of V. VI VII VIN. X, X!l cranal nerves
X-rays revealed extensive destruction of the
cranal base An exploration of the angle re-
vealed the above-mentioned tumour

Another child was a 9 year-old boy Histo-
logy showed an ependyblastoma of the 4th
ventncle, extending nto the cerebellopon
tine angle After postoperative radiation the
patient hved 2 years untif signs of recurrence
appeared

A 40 year-old female had a metastatic ana-

neuromas Due to the connection between

Table Wl Histologeal diagnoss 1 3 1
mours of the cerebellopontine angle (non
netiromas)

Menngeomas
Endotheliomatous 8
Fibromatous
Transutonal 4

——— e B

Arachnoid cysts

Chordoma

Reticulosarcoma
Ependymoblastoma

Ependymoma (cystic)
Angio-reticuloma (Lindau s tumour)
Anaplast

plasnc carcinoma  However p
diagnostic work-up was unsuccessful and the
primary tumour was never found

Eight patients were operated upon for re-

perative

Actg Otolarsngol 82

Radiologically venfied tumour
eroding the petrous 2pex
No histology available




Cerebellopontine angle tumours other than acoustic neuromas

& 5 Und agnosed acoust ¢ nreuroma arrow in the basal
mof the spiral canal afew mm from the round windaw

llateral neuromas and memingeomas a re
1ew of these patients 1s given here Four of
hese patients are fairly young ages 13 14 17
nd 26 years All 4 had signs of von Rech
nghausens discase as all had extracramal
teuro-fibromas as well as  cafe au lat spots
[hree patients had signs of other mtracramal
euromas especially trigeminal neuromas In
hese patients there was no family history of
euro fibromatous disease However the last
attent a27 year old female hadastrong fam
ly history as when she was | year old her
nother died of bilateral neuromas as well as
nultiple meningeomas This patient further
more as her mother had multiple menngeo
Tas of the en plaque type She underwent
1 subtotal removal of a left acoustic nenlmimc:

109

pregnant and at term when admitted to the
neurosurgical department She was somno
lent with increased intracramial pressure as
well as 1n labour She was transferred to the
obstetrical unit where a normal baby was
delivered by cesanan section Thereafter the
operation for the neuromas was undertaken
She died dunng operation due to intractable
bleeding from a very large neuroma and large
menmgeomas

In this group of patients the number of fe
males ts promnent as with the nmlateral
neuromas

The 2 of the remaming 3 patients with b
lateral neuromas had chnical signs of such tu
mours They were both operated on both
sides and died subsequently to the second
operation

The last patient also died after operation
but chimically only the left side neuroma was
diagnosed before death The other neuroma
was found accidentally when examuning the
temporal bone of the contralateral side A
small acoustic neuroma was found in the basal
turn of the spiral canal a few mm from the
round window (Fig 5) (Thomsen & Jorgen
sen 1973)

None of these last 3 patients had extra
cramal signs of von Recklinghausens disease

DISCUSSION

The distnbution of the non neuromas of
the cerebellopontine angle in this matenal
does show the same pattern as n other ma
terials (Hutselberger & Gardner 1968 Nager
1967) even though the frequency of meningeo
mas ts somewhat higher 12% of the total
number of angle tumours cluding the neu
romas The term meningeoma was intro
duced by Cushing for a group of hamartomat
ous not truly neoplastic tumours of the me
mnges found to be attached 10 any of the

vhen 17 years old 1 n

eanng 1n this ear Gradually she developed
ght side hearingloss and anght side acoustic
euroma was diagnosed However she was

three It 15 now generally held that

they represent ncoplasia of the arachnoid

hming cells Arachnoid villi are greatly co

centrated m the walls of the major v -
-

A
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sinuses  particulwrly abundant n the sagttal
smus  In the cerebeflopontme angle the
menmngeomas are felt to anse from the arach
noid vill mn the farge and small venous s
nuses surrounding the temporal bone (Hitsel
berger & Gardner 1968) About 8-9% of the
wracramal memngeomas are Jocated 1 the
postenior fossa and about 429 of these ong
nate from the posterior surface of the petrous
bone (Castellano & Ruggiese 1953} The

1s debated whether thus 15 readly von Rechiing
hausens disease tt could be a central form
(Nager 1964) However there ts no difference
mn the istological picture of the bilateral
acoustic neuromas compared with the um
lateral Therefore the umlateral could also ke
part of the von Reckhinghausens disease as an
even more ssolated central farm nd the une
lateral might more frequently be vssociated
with contralateral asymptomauc nedromas
and therefore bil 1 as pownted out 1 an

following mamn types can be d hed
{Zukch 1957) (1) endotheliomatous (2) fibro
matous (3) transittonat {4) angiomatous The
distribution of our memngeomas s farrly even
among the first 3 types while the angiomatous
type 1s not represented A fifth group of me
ningeomas can be added showing mahgnant
or sarcomatous dedifferentiation Indeed one
of our fibromatous memngeomas did show
sarcomatous changes
In this report we have m additon to the
non neuromas described 7 patients with b
Interal acoustic neuromas Four of these very
young patients had both signs of other mtra
cramal nenromas as well as signs of peripher
{ nvolvement indicating a full blown von
ecklinghansens disease This disease was
~Yirst descnbed i 1882 by von Rechhinghau
sen bewmng of the opumon that the fibromas
of the skin and nerves arose from the pen
and endaneuntum of mesodermal ongin To
day st 1s generally believed that the tumours
are of neuro eclodermal ongn even though
the debate over the nature of the tumour con
unues Von Reckhinghausens disease has fre
quently been a i with 13
often multiple (Nager 1964 Rdvard & Pass:
1972) In our maternl we hive one patient
who had this combinanon of tumours and
also in the family hustory as her mother died
suffering from both neuromas and meninge
omas Thus i accordance with the disease
being a Mendehan domnam (Gardner & Tur
ner 1940 Glass & Abbort 1959
fnn 3 patients with bilateral acousuc neu
romas there was no evidence of other intra
cramat disease ot extracrantal mvolvement It

Acta O darneol 89

earher publication {Thomsen & Jorgensen
1973)

The epdermords or pnmary cholestea
tomas are next in order of frequency which
1s 0 agreement with other matenals They
anse from ! epitheliat 1
remnants In one case it was possible to sus
peet such a diagnosis  because of the distin
tive scalloped contour of the surface shown
at Pantopaque cisternagraphy as aiso pomted
out by Hitselberger & Gardner {1968}

When mahing a comparison of the preopera
tive examinations and history of the disease
between the acoustic neuromas 1nd these

non neuromas  there are several differences
10 be pointed out even thouph it 1s smpossible
10 be sure of the exact diagnosts before sut
sery

Age and sex distnbution do nat differin any
way With regard to the patent s mdscation of
first subjective symptom there 15 2 stnhing
difference 95°% of the patients with newromas
had hearing loss and tinitus as first symptom
n contrast to 24¢¢ among the nonntd
vomas 47 of the neuromns started wilh
vertigo 24¢% sn the other group Inthe nod
peuromas  headaches (2190 ngeminat
nevralgia (357%) and mental changes (120
were outstanding symptoms tn the debut of
the disease while these symptoms did not
shaw up untl very late n the history of "\:
neuromas Furthermore the non neuromas
had a defimtely shorter disease hustory

R ding preoy Ve
striking that 07 of the non neuromas had
normal heanng and normal vesuibufar func

st was




Cerebellopontine angle tumours, other than acoustic neuromas

whle none of the neuromas had normal
ng and only 4% normal calorc re
n The nervus intermedius function was
mpared 1n this group of tumours, pre
d here, as well as trigeminal symp
The other cranial nerves were more
lently involved 1n this group of *non
omas” (24%), than were the neuromas
< This also applies to the brain stem
ptoms, 29% 1n this group, 109 i the
omas There was no difference in the in
nce of papilledema
reviewing the neurological findings the
wing concluston can be drawn The
ptomatology 1s much less umiform than
of the acoustic neuromas, where the
nerve 15 dominant The facial nerve 15
mvolved, whereas the other cramal
es give symptoms more frequently A
arkable s1gn 1s the presence of severe tn
nal nevralgia, which we have not en
ntered 1n the acoustic neuromas
15 also remarkable that while 1009 of the
ustic neuroma patients had elevated
1 flud protein, only 35% of the * non
romas  had this elevation
s regards mortality, the operative results
about the same 1n the two groups, though
nng in mind that the malignant tumours are
cause of 50% of the deaths Postopera
¢ facial palsy was much less frequent n
$ group of “non neuromas” of the cere
ltopontine angle
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ZUSAMMENFASSUNG
s, he Erg

st E Kert
vie histologische Befunde ber 34 Kleinhsmbruc!
“keltumoren — mut Ausnahme vom Ac:;utumeun
men ~ werden vorgelegt Die Zahl der Me
i dieser Gruppe weit uberwiegend Das sym‘&r:
ISter 13t viel wemger gloxchartg als ber denl AU
unnomen wo der 8 Nerv domimert Sﬂ’m Seba
12l 351 wemger involviers wahrend die 0l ::gmerkcns
Insrven haufiger Symptome zeigen Ein
fes Zeichen 15t das Vorkommen vo!

was wir bet

n schweren Trge-
Paten-

338

ten mcht gefunden haben Vonden Nicht Neunnomen

hatten nur 33¢¢ emen erhohten Proteimnhalt m der
Spimatflissigkeit gegen 1009% der Acusticusneunnomen

AuBerdem werden 7 Patienten mit beiderseitigem Acusti

cusneunnom erwahnt Die Verwandischaft mut von
Recklinghausens Krankhet und miltiplen Menngeo-
men wird besprochen
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QUANTIFICATION OF VESTIBULAR DYSRHYTHMIA

N G Hennhsson O Pahlm, P O Boressonand A 1 Dahlen

From the Otoneurologic Dnviston Department of Otolaryngology Unnerstty of Lund and
the Telecommunicanon Theory Diision Department of Electrical Eng neering
Inshtute of Technology Lund Sweden

{(Received November 13 1975)

Abstract ¢ of wa
response has hitherto not been senously attempted pos
sibly because the nystagmus response does not easily
lend stself to descniption 1n mathematical or physical
terms  Ideally the nystagmus response consists of a
sequence of trnangles Each such tnangle 1s determmed
by four qualities tc the velociies and the durations of
the fast and slow components Thus without senous loss
of information 1t ts possible to represent a nystagmus
reaction by four sequences of values one for each of the
four above mentioned quahizes From each such sequence
we have extracted relevant information and presented it
n graphical form It may be assumed that each of the
ur nystagmus qualities reflects the activity within
arate neurcnal systems  Each of these four sys
tems 13 then informed vpon by three parameters for each
nystagmus quality 1¢ by its mean by its vanation coef
ficient and by s sequential vanation coefficient It 1s
claumed that these three d agrams contam nystagmus n
formation not earl er considered

INTRODUCTQRY ANMALYSIS

A nystagmus beat i1n the honzontal plane s
determined by four qualities viz the velocity
of slow (V) and fast (V) components with
their durattons (T T} (g 1)

A fifth component the imtial position of the
eyes may be added In this study however it
will not be considered  Four different senes of
values one senes for each of these four quali
ties will then be available n any sequence of
nystagmus beats In any such senes x, k=1

, N, the statistical spread (S) can be enlow
lated By dividing S by the mean of the senes
the vanation coefficient S/3f can be achieved

/ 2 (e =My

h
M M

This expression does not reflect to what ex
tent any value 1s related to the preceding orthe
followmg value in the series This relation
ship between conseculive values can how
ever, be reflected by a sequential vanation
coeffictent SA/M

(84}

vz-(x,,u—m’
(e} z

A nystagmus curve with large differences
between qualities in different beats nde

e R

1
% oa,
Mt ooy

22
t5
Fig 1 Four nystagmus qual ties determnc the "Y‘"l
mus beats ¥ -spctd of slow component ¥ gwspeed of %
fast of slow and Ty=duration

This paper was pl at  The Bran C
Tohushima University Japan October 24 1975
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DO
" M\WMMJNWWWW Fi 2 The nommal mystaEms tes 1
X anahveed w the present study fere -~

app rfedat 19 mm/sec

ol

wdent of sequenttal position will then pro-
e alarge S/M When in such a senes large
lues are found together with other large
lues and small with other small values this
oothness will be reflected by a small
ential vanation coeffictent S AfM. With
all and large values altermating mn com-
utive nystagmus beats this wregulanty of
\“s':quence will be expressed by a large
These two expresstons for stability of the
:tagmus curve, the vanation coefficient
{ and the sequential vanation coefficient
M, must, 1n order to be meamngful, refer
‘Ss\mauuns with a constant vestibular sm
Inapost rotatory nystagmus reaction there
an exponential decay of veloaty of slow
ases with related vanations also of other
“ilgmus qualites These vanations reflect
lme:raz'! m penpheral stimulus and are of
estin this connection Any such seres
exponentially varying values may, how-
~l;. be changed 1 such a way that the expo-
:x:\ag] ;I::anon 1s compensated for The re-
amnmes may then be regarded as effect
s 0m vestibular stimulus The remain-
nt S/Mn egpressed by the vanation coef-
tent s th and the sequential vanation coef-
oy prnen mainly due to the dynamic and
Ta nowp;.mes of the vesubulo-ocular arc
cchmigue me zsum of this paper to descnbe
otony nyets estimate and display 1n 2 post
o g lfgfmus reaction the means of each
* vanae erent nystagmus quahties with
n coefficients (S/Y) and thewr

que;
nhal vanation coeffictents (SA/M)
16¥qcp

AETHODS

In a conventid ro ¢ mchura”
Ject, 24 years o' e <rosed tc
acceleration of €0 yse =c

Registration tech iy ¢

measurements

The nystagmus v as 1eco wra 2 n
nique, the signals were 1718 pe ke
Packard 3960 four chuin 3 recorder Tt
nystagmus signal was Wer b played
Mungograph with the recn-dim, paper fed
cm/sec and with a scale factor of 200=1~
From this recording were calculated velea
and duration of slow and fast components

Computer processing of dues
The four different senes of values were fed
into a computer For each such senes the
computer makes an estimate of the i)
value and the exponential parameter  [he
ortginal sequence 1S then multiplied by expo-
nentsal factors mn such 2 way that the 1nitial
value of the resulting sequence 1 the same a$
for the ongnal one but the exponennaluy 18
anmhilated

For each nystagmus quality were then de-
termuned the mean, the vanation coefficient
S/M and the sequential vamaton coefficrent
SA/M This was done before as well as after
compensation for exponentralily

RESULT
InFig 7’ * the post rotatory nystag-
mus d, here with the paper fed

Acta Otolaryngol €2
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at 10mmfsec mnstead of 100 mm/sedin the dis-

play used for calculation

In Fig 3 A the numencal values of eah of
the four qualitsies 10 this post rotstory nystag-
mus repction are plotted agamst ume  ta Fig
38 the same parameters of the wame nyslag.
mus teactions are plotted after compensation

for exponentiality

In Table 1 are presented for i the four
quatities studsed the imtial salues the means
the vamation coefficients S/Y and the equen

Rctu 0% dursaged 82
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1
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i

tiat vanation
fore and after<
in the three *
ter compensation
mated means, A
ficients, S/
coeflicients, SA
aystapmus '
ues related to
nents are p'
velocities of ~

Fig 3 The four nystagmut
quslities ¥4and 3 ¢~

of slow and fast comparneats
T, and Ty=duranons for
these components here
platted s functions of kme—
the sequence 1o the leftiAd
are values befate compenss-
tign for exponesnality and 1
the right (B} pfies suck corr
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sie 1 Imnal value (I), mean (M) SIM and SAIM of the four different mystagmus qualities—
ed of slow component V, speed of fast component V. duration of slow component T, and

ration of fast component Ty—before and after c Jor lity 1 a post
» nystagmus reaction
‘Nystagmus quahities
Before compensaton After compensation
1 M S SaM 1 M S SAMM
“Isec 53 20 62 17 53 53 26 18
“Isec 106 158 60 29 306 306 37 30
sec 041 053 s6 43 041 041 38 3
sec 008 0097 38 37 008 0097 35 37
«1s, to the di of slow on r | an of the aver
itive Y axis and to the durations of fast  age ny 1 after p

>mponents on negative Y axis

It 1s apparent that the speed of slow com
has the largest stabihty of the four

Jaliies with the smallest vanation coef

iclent

DISCUSSION

Ifect of compensation for exponentiality
115 quite clear from Table I that the varration
« for speed of slow component be
smaller after compensation for expo-
y Ths 1s of course to be exp d as

{velocity X duration = amplitude) The differ
ence 1 shape of the fast and slow phase
rectangle 1s apparent A varration i shape of
these rectangles may also reveal what quality
1n the nystagmus beat that might be re-
sponsible for a vanmation in ampltude of
nystagmus 1 different nystagmus responses

.

=~V

w the values are made much more even
the exponential vanation excluded The
that the vanaton coefficrents S/Vf also

the other quahties, duration of slow com
v as well as velocity and duration of fast
are smaller after thus compensa
had taken place indicates that also all
hese other qualities vary, at least to some ex
ent, with penpheral sumulus No further
alysis was made with the respect to this

"he estimated average nystagmus beat
The values of the four different qualties pre
m the upper diagram of Fig 4 de
. a nystagmus beat representative of
marticular nystagmus response The calcu
of thus beat has been based upon values
which the exponentiahty has been com
~d for Note that the area of each

Vi aa Ny

Fig 4 A duagramatic representanon of estimated means
(M) of vamaton coeffictents (S/M) and of sequential
vanation coefficients (S3/V) for the four different nystag
mus qualires velociies V and b, duravons T, and T,
for stow and fast nystagmus, components

Acta Otolareng
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rasy
sty

Fig S Fast phase (saccadic) system and slow phase sys
tem are ] the

velocittes but also constantly interacung with the re
spect to duration of each phase Each of the four nystag
mus qualiies may then be reflected by a corresponding
system in the brain stem  Three types of wformation 1s
available for each of these systems by determumng the
mean e vanaton coerfient ana’ Me sequennar’ vana

tion coeflicient of a nystagmus reaction

The variation coefficient S|M
{after compensation)
The vanation coefficients within the senes of
each of the four nystagmus qualities 1s dis
played 1n the next diagram of Fig 4 Ths
then provides a companison between the dif-
ferent qualities with respect to varation but
respect to position tn the sequence
This spread seems to be smallest for the
lacity of the slow components The relative
stability of this component may be expected
as 1t must be regarded as meaningsful with a
speed of slow component with few and small
random vanatons The main tash of the
vestibular reflex arc must be to secure proper
velocity of the eyes dunng the slow com-
ponents allowing visual nformation to be
piched up A vanation or a defect 1n this
production of constant velocity would make
the whole process of the vestibulo-ocular arc
meaningless

Sequential vananion coefficient SAJM

(after compensation)

With a small S/ a small sprend the se
quential vanation coefliczient will also stay
small and may not provide further informa
tion With a large S/V therc are, however two
possibiliies SA/V may be large or small
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A small SA/M could then indicate a mystag
mus curve with sequences of large values
briskly changed into sequences of small val
ues, a pattern descnbed by Bergstedt (1973)
It could just as well indicate a sequence of
smoothly varymng values, although contamirz
large as well as small ones (e g smooth nse-
and fall type of behaviour) A large value of
SAIM would imply a large vanation between
the consecutive nystagmus beats and thus a1
even more 1rregular nystagmus pattern

The four nystagmus qualities, velociy and
duration of slow and fast components, may
each be reflected 1n four different working
principles tn the brain stem as can be seenn
(e modef of Fig 5 The velocity of the sl
component should be refated to a slow phase
system 1n the brain stem and the velocity of
the fast component to a saccadic, fast com
ponent system (the pontine para median gaze
centre) The durations of these velocities
should be dependent upon a reciprocal inter-
action between the slow and fast systems The
duration of the fast component should be de
pendent upon the ability of thts center to main-
tain 1its activity, the duration of the slow com
ponent of its ability to maintain its velooity

Each of these four nystagmus qualities may
then be represented by four different neurona)
systems 1n the brain stem On each of these
systems can be informed by three features 10
the nystagmogram
U The estmated mean of the nystagmus

quality
2 The corresponding vanaton coefficient

SN
3 The comesponding sequentia! vanation

coeflictent (SA/V)

It 1s hopefully believed that this type of
analysis and of display should be useful for
Interpreung nystagmus responses (n varous
types of expenments as well as n chncal
work It will be the mm of future papers of
ours to study such diagrams mn various 1ypes
of patients but also 1n subjects under vanous
loads, anuhistaminics, barbuumtes, etc It



hould be pointed out, though, that the in
ormation denved is not necessanly exhaus
ve, and that 1t may be fruitful—at least m
ome cases——also to study hgher order sta
stical properties

CONCLUSION
our qualities determine the nystagmus beat
he velocities and the durations of slow and
ast components In a post rotatory nystagmus
eaction these quahties will vary between dif
erent nystagmus beats partially due to the
xponential returming of the deviated cupula
The exponential variation between ny

Quantification of vestibular dysrhythnmua 117

vanous disorders but also effects of vanous
loads, drugs etc on the vestibular reflex arc

ZUSAMMENFASSUNG
e von
15t bis heute wensg tm Angnff genommen worden wahr
h aufgrund der und physlka
bschen Sch die so emne

sich bnngen Idealisch gesehen 15t die Nyslagmusreak
tion etne Rethe von Dresecken Jedes Dreseck wird durch
vier Quahtaten besimmt das heisst die Geschwindigkeit
und die Dauer vom langsamen und schnellen Phase der
Nystagmusreaktion Man kann aber ohne grosse Infor
mationsverluste vier Rethen von Werten aufstellen eine
fur jede der oben erwahnten Qualititen Von jeder Reihe
haben wir die relevante Informauon extraluert und in

ats can be anmtlated by a computer, thus
roducing a sequence of values without such
anation

The aim of this paper has been to deter-
ne and display the remaining variation, the

Form Es kann wer
den dass jede der vier Nystagmusqualitaten dire Aktivitat
wnnerhalb separate  neuronale Systems darstellen Ber
Jedem dieser vier Systeme bekommt man fiir jede Nystag
musqualitat Information dur:h drei Parameter das heisst
durch den rch den
und schhesstich durch den sequentiale Vanationskoeffi
21ent Man bekommt durch diese Methoden eme Nystag

lysrhythrmua, t the different
eats after this exponential vanation has been
ompensated for

By a h can be d

die fruher nicht berucksichtigt worden ist
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ENDONASAL VENULAR PERMEABILITY IN RATS EXPOSED
TO THE COLD

M W Karanand P van Drest

From the Departinent of Human Angtomy  ¥he Uniied Orford Hospitals
Qvford England

(Recerved May 10 1975)

Abstracs Sixieen male rats were killed 22 hes after bemg
syected with 2 dose of ¢ mCe An mixed with 16 mg
of wnert collardat gold/ID0 g body wt ‘The antenar nasal
mugosa of the septut and turbinates m 10 rats which
sere snjected and kept s 2 temperawre of $-7°C
showed mean mdigactive counts 2-3 times kegher that
those recorded m the same areas mn 6 control sats
kept i ordinary room temperature 22°C) In al) sixteen
rats the hughest caunts were obtasned in the RES organs
namely the hiver spleen adrenals and the bone marrow
m descending order Other fissues Teveafed no sigmficant
dwactivily except far munor counts tn the longs and
kidneys The importance of these findings Tegarding the

: of t diseases and vasculns

nose 1s discyssed

;\? recent study of the behaviour of varous

were used for this experiment Six of them
were kept at room temperature (22°C) dunng
the intravenous igection of 'PAY and unil
the time of kilimg 22 hrs later Another baick
of 10 rats were exposed ta an atmosphenc
temperature of 5~7C i an air condiboned
room for 6 hours before, during the wnjection
and unhl the time of kiting 22 hirs later

A radioactive gold suspension *Au ob
tawned from Amersham Radsochemicals was
mixed with a suspension of ent collowdal
gold (Amessham Radiochermicals, UK) of
parpele size 2030 nm so that the mixtire
d 5 mCy #Ay + 20 mg mert colimdal

<ues of experymemal Is 1 ds a
single mtravenous dose of 8 or {6 mg of
colloidal carbon (Kanan et a} 1975, n press),
sighificant uptake of the carbon occurred m
the tamina propna of the anlertor nasal septum
and turbinates The authors also vbserved en
hanced }eakage of the carbon through the walls
of those venular capillanes facing the inspired
@i stream In amms exposed to the cald
The following is a teport of a quantitative
study of the distnibution of a comparable
single intravenous dose of Ay in the tssues
of male rats exposed 1o a cold atmosphere

MATERIALS AND e THODS
Sixteen male Wistar rats of 120 g average wt
fed on laboratary chow and water ad htwtum
Ths work has been supported byan MR C grant (G973
mmn

Avta Orclariagel 8

gold/ml  Each aamal was wnjected It
venously with a dose of 16 mg wert collordal
gold + 4 mCr of ¥A«/I00 g body wt The
amimals were anaesthefised with an smrapent
toneal mecuon of 20  tnbromocthanol
Avertin  solution (Bager Products €0,
Surbiton  Surrey, UK) at dose of 01 olf
100 g body wt The gold sof mixture ¥
administered mto the external ugular vein of
the ra1 through a sk mersion

Al rats were killed 22 hrs aftes the gold

witht P I ry
! {Abbatt Lab 1e5) and tessues
were obtamned from vanons areas of the skin
sucosa of the nose mouth and eyelied and
from the iternal organs as indicated 1n Tables
Tand I

Esety piece of ssue was werghed, phc:\f
deep down o an LP3 tube which wat

Nemb




Endonasal s enular permeability in cold exposed rats

Posterior
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B adutas
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1
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1
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&
L
I
N Fig I Rt mtb=nght mddle
tusbinate or nasoturbinal Jnfth=
. fenor turbinate or maxillo-
¥ - - i turbmal Re=nght Le=left sepr
. ror -
er it i nasal septum
d to an hern p of

“en a sental number and a tissue code pror
counting Six control empty LP3 tubes
ere fed together with all other tubes contamn
8 the tissue fragments into a Nuclear
hicago Autogamma Counter set for | minute
unting per tube
The mean background radioactivity re
sded for the empty tubes was deducted
Im every count obtamed for each piece of
ste and the resulting figure was corrected
torrespond to 100 mg of tissue The pieces
[ lissue obtamed from the nasal cavity Te
4 1n Table I correspond to the areas
“signated 1n Figs 1 and 2

RESULTS

ese are summansed n Tables 1 and II
mean values of the radioactive counts
wined per 100 mg of issue in the retro-
Stbular anterodorsal part of the nasal
m and the naso and maxilloturbinals
>t all the anmals were significantly higher
un those recorded for other areas of the
« skin and mouth On the other hand the
values of the counts recorded for the

2 areas of the nasal mucosa m the rats

/\

5-7°C were two to three times higher than
the figures obtained in the corresponding areas
1 the control ammals kept at 22°C (Table I)
However exposure of ammals to the cold
seemed to produce some increase in the
radioisotope uptake by the ear and scrotum
but not by other tissues outside the nasal
mucosa

Among the members of the RES the mean
counts recorded for the liver were 8-10 umes
higher than those recorded for the spleen In
the adremals and bone marrow the mean
counts were 5-7 times lower than in the
spleen

Random samples from the blood and other
tissues showed very low counts except for

anters dorsa septum

e et
vestbuls septum

vertrat B postenor septum

-~

Fig 2 B opsy d agram—side view
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Table § Dustribution of intravenous Au in male Wistar rats after 22 hoars

Controf anumals (22°C} Mean  Cold-exposed (5-7°C) rats Mean
Tissue Dt I 11 value
100 myg 1 3 ¢ 5 & (cpmy 12 2 32 5 6 7 8§ 9% 10 (cpm
Nose up s 2 2 0 06 3 2 6 2 4 06 0 0 B 2 O 4 B
Nasal vesubule 12 8 0 0 2 35 6 12 5 13 1B 1B o8 R w Nt
/ ntenor
405 330 60 289 362 250 300 311 390 355 3%

darsal septum 154 140 165 338 152 149 1%0
Postenor &

ventralseptum 2} 22 316 28 19 30 26
Middle

wrbinate 13¢ 135 135 134 133 431 G

Infenor

turbinate BB 130 M2 N0 16 137 B6

Lip 2 0 6 0 0 2 16
Tongue 6 86 6 0 2 4

Ear 19 5 20 2 20

Foatpad 6 ¢ 0 0 & 2 !

Serotum g 0 ¢ 4 & 0 2

Buccalmucosa 10 6 6 0 B 4 4

T 62 75 90 80 97 100 95 8 78 &Y

I WL 2T W9 I M0 I3 A WS S W

260 289 251 282 230 247 290 269 300 271 263
B 6 2 4 4

8 6 0 4 o 38
o o ¢ &5 2 0 2 o 1
32 035 30 2B 28 22 34 30 36 RN 7
8 14 1z 1w 9 2 9 12 10 92
26 19 20 22 20 I8 32 315 12 185 48

£ 8 2 4 12 0 8 B 8 4 46

the lung and kadney which recorded shghtly
significance means

Apart {rom the nasal mucosa, exposure of
ammals to cold did not seem to mfluence the
tissue distnibution of %Ay to any sigmficant
degree

v j DISCUSSION

“5’:\ mixture of tracer radiogold with nert
collordal gotd sol has been considered most

ble for the study of the
granulopectic activity of the RES (Barrow et
al, 1951, Sheppard et al , 1947a) It has also

been thoupght deal for therapestic us¢ §
h with d: of the lymphord syster
{Sheppard et al, 13375) This opimon vt
based on the relative mtoxicity, lach of ant
genicity, stability and the umformuty of th
mectable particles together with amenabiit
1o quanitative assay botft 11 i o and in &1
cised tissues The half bfe of ™A s 27
days but there was no need in the preser
expenment to plot a radioactivity decay cury
since al the ussues were counted sumul
tancously However, the findings 1n the pre
sent study support the pattern of disinbutic:
of radsoactive gold sn the mam orgns of 1

Table It Dustribution of intras enous "*Au in male Wistar rats after 22 hours

Control ammals °2°CY Mesn Cold-exposet{S-TCraMN

Tissue vajue Paattes e
100 mg t 2 1 4 s 5 (epmy H H 3 4
Laser 30753 32400 200 35000 4200 32500 3328 3009 34240 353%0 !::
Spleen 4428 3%7¢ I 21975 34T 30 3T 4481 2813 467 42
Bone marrow s S 670 182 - 60
Adrenals 740 7% 674 m 80
Lung 13 184 26 s - 0
Testis 9 6 s &6 - 2
hadney L a8 57 @ - L]
Blood 13 1 123 lg 6 - 9

[ 0 a -
b Gl 2 3 o1 .o !
Sahwvary gland L 32 37 3% -

Acta Ordarong 48



Endonasal venudar permeabihity tn cold exposed rar

S as reported by Barrow et al (1951)
ke that reported by Dobson et al (1949)
latter authors reported higher distnbution
ollowds with small particle size in the bone

wand spleen than in the hiver

¢ present findings confirm quantitatively
ntobservations made on the nasal mucosa
1g intravenous colloidal carbon (Kanan et
n press} In the latter study, carbon
xles were shown to be phagocytosed by
endothelsal cells linmg the venular capil-
*s and venules and by the pericytes and
wascular macrophages in the anteror nasal
osa  Leakage of intravenously ad-
istered carbon particles through the inter-
ular yunctions of the venular endothelium
the porous basement membrane on the
minal surface of these vessels seemed to
*nhanced by exposure of the njected ant-
s to atmospheric cald
1 an ultrastructural study of the nasal
«0sa, Cauna & Hmderer (1969, 1970}

vascular basement membrane nur ir
venules 1n the mammaliin asal muc
partly caused by the relative stasis ¢
from chronic bombardment of the
nasal mucosa by the cool fromt of
spired air stream n postnatal hfe

Apart from the phagocytotic capatity
the specific structure of the RES and tt
descnibed areas of the nasal mucosa oth-t
factors have to be considered in the process
of phagocytosis Following the advent of par
ticular matter mto the circulation immediate
aggregation of thrombocytes occurs in most
areas of the microcirculation (Tait & Elvidge,
1926, Salvidio & Crosby, 1960, Stehbens &
Florey, 1960, Cohen et al, 1965, French,
1967, van Aken et al , 1968) In organs with
high fibnnolytic actvity such as the lung
platelets soon disaggregate in the racrocircula-
ton RES sites with low fibnnolytic activity,
particularly the hver and spleen have a lower
capacity for platelet disaggregation hence ac-

1 of blood borne particles enhances

cnbed dothel, and
ous basement membrane on the venular
* of the microcirculation 1 the superficial
™ propnia  They speculated that these
sels were designed for the rapid passage
fuds and solutes from the microcireula
110 the secretory epithelum and vice
%2 On the other hand, Kanan et al (n
$5) expressed the opinton that the peculiar
osity of the venular capillaries and the

Mean

calue

6 7 8 9 0 pm
308 32260 29108 31300 37012 3299
la2 30 “zsn 4 100 3671
st4

745

& o

3%
i s 1
2 VT
1
2 <

phagocytosis  of such particles by the
macrophages limng their smusotds (van Aken
& Vreeken, 1969)

As demonstrated by Jensen et al (1953)
exposure of rats and humans to cold causes
depresston of the fibrinolyuc activity of their
blood It 1s concervable therefore that the ex-
posure of the nasal mucosa to a cold en
vironment would impede the disaggregation of
platelets and thus enhance the deposiuon of
blood borne particles 1n the catchment area
of septum and turbinates The influence of
atmosphenic cold on the leakage of blood-
borne particles 1s probably relevant to the
pr e nitial Jocal of 1
producing microorgamsms and Iimmune
complexes of vasculiis in the antenor npasal
mucosa (Kanan & Ryan, 1975)

Moreover, there 1s increasing evidence that
the pathogemc effects of such noxious agents
15 d with the d d cell mediated
smmunity 1t areas of the body with tem-
perature cooler than the normal body tem
perature

Atz Otot e
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ZUSAMMENFASSUNG

Von sgesamt 16 minnlichen Ratten wurde 22 Stunden
nach Iryektion von Au* (Dosis 4 mCiin 16 mg un
markiertem Goldsol/100 g horpergewicht) die Nasen
schleimhaut des vorderen Septumbereiches sowie der
Muscheln entnommen und deren Radioakuvitat be
summt Daber zeigten die Schleimhaute jener Ratten
(1=10) dic ber emer Temperature von 5-7°C gehalten
worden waren em im Mittel 2-3mal hoheren Zahl
went als er 1 der Mukosa von Tieren (n=6) gefunden
wurde die ber ublicher Raumtemperatur (22°C) gehalten
wurden Ber samthchen Tieren (n=16) wurden dic
hochsten Radioaktivitaten in den zum RES gehdrenden
Organen festgestellt und zwar mit sikender Tendenz
mn Leber Mitz Nebenmeren und Knochenmark Mt
Ausnahme einer genngen Aktvitat sa Lungen und Nieren
2evgten die ubngen Gewebe dagegen keine bislogiseh ins
Gewicht fallende Strahlung Dic Bedeutung dieser Er

gebrusse fur die Lok von Gi b

und Vaskuliiden 1n Nasenbereich wird diskunert
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X RETION
INAUNOGLOBULINS IN MAXILLARY SINUS SEC

C Carenfelt, C Lundberg ad K Karléa
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3

aupnal Bactenologiial Lohoratary Stockholmy

Sueden

(Receved Ober 23 VIR

Abstracr The tumunogiobulm PatLern »as mded

gaxlary smos sectevon of 17 panenty wth maxBary
sanss By sigle radn) anmugaddTusion measurable
amouets of TgM were Tound w the seereuons of 15 74
. nr oA . e .

v o
. .- . L}
s segsetion) wefe calcutated to be Jocatly produced

averags Tos G these Geurey were 19% (curulent se
st L UL (091 Tty m teard to bactenal o
feeuams

Burg the past decade o derable aumber

yom produced locally by the muceus mem-
Yrane has pven nse 1 3 Rew imennon i our
understanding of the biotogical defence mech-
ansm  Although most smvestigations have fo-
cused ot the presence of the focally prodaced
form of IgA—the secretory 1gA (SigAr-1gGs
and 1gM are also present i extarmal secrebons
and niot only as a sonsequence of “leskage™
from serum Thus, thers is evidence indicating
a focal syathesws of 1gG and 1gM as well
{Brandizaeg etal | 1967, Dorovanetal . 1970}
The pattern of mmunoglobuhins m externa
gecretions such as colostrum, salna and

of restigations have accumulated concerning
e mechamsms wvalved m and

gastt f fluids has been studied exten-
sively (Tomast & Bienenstock, 1968) In the

esetance W mfechon Although Bing & Plum
stggested w 1937 thar seoum globulins ongs
rated from plasma cells and although Walsh &
Cannon suggested 1m 1938 a focal production of
anthbodies i nasal mucosa, the theory of
transfer of antibodies fram serum throvgh the
Aucoys membsanes to extemnal secretions {1 ¢
fecretions that bathe mucous membranes
baving drect comtact wal the etternal en-
Vionment} wag wid,

1,

resp Y tract, b hia! {Kermo-
wiiz, 1964, Deuschi & Johansson, 1974) and

nzs2) secretion (Reruagton et al | 1964, Lonn
er @, 1972} bave been imvestigated, and re-
cently also auddle ear cffusion (Van de Cal-

seyde et a1, 1971, Mog & Hompo, 1972,
Bemstenetal | 1974)

This study was undertaken ta deterrung the
concentration of IgM, IpA and IgG w secre-

s , the
frding of a predominance of 1gA m ex

o retated 1 maxllary qinus It was also
1

d of mterest to mvestigate the un-
munoglobulin content t putulent secrehons

1R farge b
£,

ternal
Seuons as apposed 1o serum (H: ,
1964 Tomast & Ziegeh 1963), indicated
* local prod of s Job
The discovery of ant

tibodies 1 external secre

of bactena and -

wath sergus
secrelions where the aumbers of bacterta and

wlammatory cells were sparse. A fucther 1in-

Y ¢elis m
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tention was to estimate the amounts of locally
produced immunoglobulins m purulent and
serous maxillary sinus secretions

MATERIAL AND METHODS

Patients

Seventeen untreated patients (13 female and 4
male, age range 21-61 years) with symptoms of
maxillary smusitts for 3-30 days and with re-
tained secretion m simus maxllans, were
selected for the present study Samples of
smus secretion were obtained by aspiration
through a Lichwitz cannula tnserted into the
maxilary sinus through the inferior nasal
meatus Purulent secretion was obtained from
10 patients, and senous secretion from 7 pa-
tients Secretions mamly of low viscosity,
opaque and discoloured were designated as
purulent The oxygen tension (PO,) measured
1n these secretions was always zero, or almost
so (<10 mmHg) The clear, pale yellow secre-
tons of Jow wviscosity, frequently with the
capacity to gel, were classified as serous In

ese secretions PO, was always above

mmHg (Carenfelt & Lundberg. to be pub-
hshed) Specimens macroscopically tinged
with blood were discarded Samples of venous
blood for serum were taken simultaneously
The secretions and serum were stored at
=20°C until analysed

Bacterological methods

Each sample aspirated from the maxillary
sinus was immediately inoculated i broth agar
bottles, prepared by the Nauonal Bacteno-
Togical Laboratory, one for aerobic and one for
anaerobic growth Furthermore swabs dipped
1n the aspirated secretion were inserted into a
transport substrate tube (Loeffler) which to-
gether with the botiles were handled within
12 hours 1n accordance with the routine pro-
cedures of the Department of Microbiology

Karolinsha sjukhuset Direct smears from all
secretions were stamed by Gram s method

The number of bactena was esumated sem
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quantitatively In some cases, the bactena!
and cellular counts were made immediately
n a Biirker chamber

Immunological methods

The stored secretions were diuted 1 201 4
1n phosphate-buffered saline (PBS) and homo-
genmized by gentle shaking The supernatant
after centnfugation at 3000 rpm for 20 mimutes
was used for protein determunation The con
centrations of IgM, IgA, IgG and alburminia th
diluted secretions and serum were determined
by the single radial immunodiffusion method
essentially as descnbed by Mancim et a
(1965) For the quanntation of IgA, a serux
IgA (7S) was used as standard The proten
concentratons of serum and diluted secre
tions were deterrned on two separate 0¢c3
sions The analytical errors found were, for
serum IgM 6%, IgA 4%, 1gG 5%, albumi
5%, and for secretion IgM 8%, IgA 6%, I5G
5%, albumm 9%

To evaluate the capacity of [gA to become
specifically or non specifically bound (o bac
tena and inflammatory cells, 14 of the secre-
tions were diluted 1n 0 1 M glycn HCl, pH26
and homogenized by gentle shaking in order to
split up these bindings The hydrogen ton con
centration was adjusted to pH 2 327 with
01 M HCI The final dilution was then 1 410
1 7 After centrifugation at 3000 rpm for 20
T, ¥ SaprTIatn wits wedaband (H
7 0-7 4) within 45 minutes using Trzma Base
(Sigma, St Louss Mo ) and used for proteif
determination as above

Albumin was chosen as an inert reference
protemn since the synthesis of albumin 1 the
mucous membrane of maxillary sinus 15 fughly
improbable Thus, the ratio of secretion albu-
min (Alb,.,) to serum albumin (Alb, ) was 35
sumed to reflect the passage through the
cous membrane, not only of albumin but also
of serum immunoglobulins (Ig...) despie the
differences 1n molecular weights The locally
produced smmunoglobulin (LP) can then be
calculated according to the formula (Deusch!
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& Johansson, 1974) LP=lgeq—Alb,ecr!
Alb, e XIg,r, where Iz, 1s the total amount of
the secretion immunoglobulin

Stanstical methods
The analytical errors were calculated by the

formula
2

)
2n
where d 15 the difference between the two
deternunations, £ 15 the mean valve of the two
determunations and n ts the number of duph
cate deter For the 1 analy-
sts of mean protein concentration Student’s
£ test was used For the analysis of mean
protein ratios, nonparametnc statistical meth
ods were used (Dixon & Massey, 1957)

sp=|

RESULTS

Bactenal findings

Heavy growth of pneumococcus or H influen-
zae was obtamed m all purulent secretions
and @ 9 of these 10 secretions 1n pure culture
(Table I) Large numbers of inflammatory
cells were seen The number of bactena
vaned from 10/field (800X) in some secretions
to >1000/field in others On the other hand, 1t
the serous secretions there was wvsually no
growth However, when growth did occur, no
or very few bactena were seen on smears

Furthermore, the number of inflammatory
cells was sparse

Immunoglobulin determination

The individual values and the mean concen

tration of IgM IgA IgG and albumin n puru-
lent sinus secretion and serum from 10 pa

tients are listed n Table I1 The corresponding
values for serous secretion from 7 patients are
given in Table I As seen from these tables,
the three immunogiobulins were present an afl
the secretions although only traces of IgM
were found 1n two of the purulent secretions

f“\\
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Table I Secretions from mavllary stnus
spectfied to bactertal gronth and PO,

Panent

PO,
0 Bactenal growth (mmHg)

Purulent secrenion

H influenzae

Pneumococcus
H influen.ae

Pneumococcus
Pneumococcus
Pocumococcus
H influen.ae”
Poeumococcus
Preumococcus
H influen.ae

SonunLsuN—
conohool o

Serous secretion

No growth
No growth 6
Anaerobsc organism® -
No growth 101
No growth 120
No growth -
Pneumococcus® 62

NoLAWN—

* Mixed flora with Staphylococeus albus
* No bacterra was found i smears
- Notdone

The mean
and albumun were lower in the purulent than in
the serous secretions, but only for IgA was the
difference statistically significant (P<0 05)

These values refer to the secretions diluted
PBS However, the IgA content was essential-
ly the same when the hydrogen 10n concentra

tion was reduced in the Secretrons

The quantitative distnbution of the mm
munoglobulins tn secretion was stmilar to that
of serum, although not identical Thus, the
mean ratio of IgG/IgA of serous secretton (3 8)
(Table HI) seemed to be lower than the cor-
responding serum ratio (5 9) In purulent sec-
retion the mean ratio (4 2) (Table II) was
sigmificantly lower than the corresponding
serum ratio (5 5) (P<0 05)

As seen from Table IV, the secretion/serum
ratos for IgA and IgG in both groups of secre-
tron were higher than the corresponding albu
mun rattos, but only the IgA ratos were
signtficantly hugher than the albumun ratios
(purulent group P<O0O0I, serous group
P<005)

attons of Tobul,

Acria O
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Table II Concentrations of

and

"

The values are ghvenin mg ¢ am not measurable (traces)

{(alb) in serum and purtlent secretu n

Serum Secreton 1gGllgA
Pauent
no M IgA IeG Alb M IgA IeG Alb Serum  Secretion
1 124 258 1906 4346 nm 139 362 m 74 26
2 62 261 1307 3917 24 134 566 1432 50 42
3 80 404 1481 3955 73 st 1067 3245 37 30
4 n2 245 1480 3401 155 434 1909 3944 60 44
5 12 285 1355 4902 64 193 871 3153 48 45
6 193 m 1328 4215 120 182 770 2647 48 42
7 93 234 1328 3787 94 234 1354 3291 57 60
8 142 304 1379 4092 22 268 1067 3062 45 40
9 88 191 833 3197 nm 100 m 556 44 27
10 101 157 1357 3482 52 ™ 1196 2430 86 62
Mean m 262 1375 3929 (88 223 947 2413 55 42
SD 7 & 260 s02 @ 104 494 120 14 12

Inall of 17 secretions, as seen from Table V,
the calculations showed the presence of local
Iy produced IgA In 15 of 17 secretions IgG was
calculated to be produced locally Statistical
analyses of these data showed that the local
production of IgA and IgG was significant (IgA
P<0001,1gG P<0 01) The calculation of the
loca! production of IgM was pointless because

“ the uncertainty in the calculation formula
for this protemn The locally produced IgA was
calculated to 56 mgZ on average for 10 puru
lent secretions corresponding to 30%% of the
total content of IgA in the secretions The
same calculation for IgG showed that 105 mg%%
was locally produced, correspondimg to 15%
For the group of 7 serous secretions the figures

were higher, for IgA 250 mg®s and for 1gG 301
mg%, corresponding to 43 and 18¢¢ respec
tively The difference tn mean concentralion
of locally produced IgA between the two
groups of secretions was statistically stgnifi
cant (P<0 05)

DISCUSSION

The immunoglobulin content has previously
been determined 1n external respiratory tract
secretions dunng purulent and bactenal mfec
tions such as pneumoma, bronchitts (Biber
field & Stermer, 1971, Falk et al, 1972
Deuschl & Johansson 1974) and purulent ot
tis (Mog: et al  1973) However, 1n these 10
vestigations the results have not been related

Table Il Concentrations of lobulins and alb (alb) tn serum and serous $ini3
secretion
The values are given in mg %
Serum Secretion 15G/1gA

Patient on
a0 M IgA G AB M IgA I:G Alb Serum  Secre!

1 158 112 13% 383 «© 260 1196 2316 130 42

2 241 177 1075 4793 84 136 636 208 61 4

3 1o $30 1530 39S € 100 1620 2430 22 ; H

4 89 30 1009 4630 46 20 646 286 29 1

s 1S M6 183 3997 128 3BS 1SR4 4302 88 :

6 180 $30 1905 3s89 150 900 1435 2208 3¢ 10

7 n 307 1139 3882 % 358 941 40%% a7 b4

9 38
48 307 1H2 400e 92 40 1293 2954 s
;’Em lc: F] 38 519 a5 346 387 86 38 2t

Acta O dennp 487
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Table IV. The sinus secretion/serum ratio for each immunoglobulin and albumn (alb)

Purulent secretion/serum

Serous secretion/serum

Patient Patient

no M IgA 1G A no M IgA  IgG A
1 - 054 019 009 1 0321 232 08 065
2 039 051 043 037 2 035 082 059 0S5
3 091 08 072 082 3 055 192 106 062
4 133 177 129 116 1 052 063 163 062
5 057 068 068 064 s 088 266 123 108
6 062 065 0S8 063 6 100 170 075 06l
1 101 100 105 087 7 085 117 08 1M
8 0% 088 077 0TS

9 - 052 033 o0

10 051 124 088 070

Mean 078 087 069 062 065 160 099 075
Sb (032) 040 033 033 027 076 035 02

to the bactenal diagnosis, number of bactena
and to the occurrence of inflammatory cells
As immunoglobulin deficiencies result i bac-
tenal sinopulmonary infections 1n particular,

immunoglobulins could be expressed n ab-
solute values, which 1s of great advantage in
immunological studies Furthermore, as the
secretion 1s easly available to aspiration,

can be ot d dly. An

1t was considered of value to gate the
quantitative 1immunoglobulin distnbution 1n
purulent maxilary simnus secretion

Most studies of external secretions from the
respiratory tract have relied upon matenal ob-
tamed by mstillation of saline mto the bronchi
or nasal cavity and recovery of a part of the
flud together with an unknown amount of
secretion The procedure implies that no ab-
solute values of concentrations of different
components are avalable, but only con-
centration ratios In the present study. on the
contrary, adequate volumes (1-7 ml) of un-
diluted secretion were obtamed from the
maxiilary sinus Thus, the concentrations of

other advantage connscted with the maxillary
sinus 1s that the healthy antrum is stenle
(Byorkwall, 1950) When infected, the bacterral
strains responsible for the majonty of these
infecttons are hmuted In non sterile secre-
tions Rantanen & Arvilomm (1973) found
p of H nfli to be the
dommant bactena (75%), which 1s in agree-
ment with our expenence Using the aspiration
techmque, as in this study, mnstead of the im

gation of sinus, 1t ts also possible to obtam re-
presentative specimens with little nsk of bac-
tenal contammation from the nasal cavity

Thus, the maxillary sinus 1s a switable “*mod-

Table V Mean concentration (mg%) of serum dernved and locally produced (LP) IgA and IgG
and the local production in % of the total content (LP%%) of IgA and IgG in purulent secretion
of 10 patients and in serous secretion of 7 patients

Serum denved LP LP
Serumdenve?
Secretton 1gA 1eG leA G TleA  IgG
P
tralent . &2 56 105 30 1s
Range 22.331 1451716 7-150  —148-249 484 -1355
Serous
20 992 301 o 18
;‘:::e 3351 $61-1 381 4692 -360-1022 272 38
P
-
P .
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el 1nthe investigation of local immunity in re
gard to pyogentc infections
As large numbers of bacteria and inflamma
tory cells might interfere with the evaluation
of the immunoglobulin content and its tum
over in purulent secretion, 1t justified a com
panson of serous secretton containing a small
number of inflammatory cells and bactena In
the purulent secrettons, a heavy growth of
pneumococcus or H influenzae was umform
ly cultured It should be noted here that these
pathogens are of interest in maxillary smusitis,
not only because of their frequent occurrence,
but also because of the therapeutic difficulties
assoctated with these stramns (Carenfelt et al ,
1975) Objectively the two types of secre
tion could be distinguished from each other by
bacterral growth and the difference in oxygen
tension The low oxygen tension n the puru
lent secretions was due to heavy oxygen con
sumption by the microorgamsms and the n
flammatory ceils (Carenfelt & Lundberg, to be
published)
When asprrating stnus secretion, an admix
~ ture of blood could not always be avoided
those macr pically

This mvestigation shows that IgM g4 2
IgG are present 1n human maxillary sinus se
retion under pathological conditions Thecos
centration of immunoglobulins and albums
seemed to be lower n the purulent than m e
serous secretions The reason for this 1s ot
clear Thus, a number of factors of unknowz
importance may nterfere with the tumoverd
components of the secretions An additon o
high molecular proteins from lysed bacters
and from the damaged mucosa may results
an increased cofloid osmotic pressure and
consequently 1 a dilution of the purulent sec
retions Another possible explanation for >
difference between the two types of secretion
1s degradation of proteins by proteolytic ¢+
zymes released from inflammatory cells and
bacteria As the mean level of IgA was signf*
cantly lower in purulent secretion than
serous secretion and as IgA has a great fro-
pensity to form complexes with the most
diverse kinds of proteins (Heremans ¢t al
1966), we thought st of interest fo examine to
what extent IgA was adsorbed to bactena and
nfl v cells and ¢ iy lost 10
the sed at centrifl of the spect

" /lowcver. p
unged with blood were discarded The Guaiac
test was not utihsed, as the remaining samples
could be assumed to contain neghgible
amounts of blood (Biberfield & Sterner, 1971)
In determination of IgA 1n secretions, the
concentrations mught have been higher had a
SigA (118S) preparation mstead of IgA (78)
been used as the standard 10 the immunodif
fusion test However, since the secretion is
formed n ],

on with an y
process, the possibility of local production not
only of SIgA but also of monomenc igA (78)
without the capacity of binding the secretory
component (Brandtzacg 1974) must be taken
into account In addition, a rather large pro-
portion of IgA in the secretions emanated from
serum Thus, the assay procedure used here
mught esult i a certain underestimation of
1gA 1n the secretion, though hardly threefold
as previously reported (Tomast & Bienen
stock, 1968)
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mens For this purpose the hydrogen 100 con
centration was reduced i the secrenons
IgA adsorbed to bactena can be eluated
acid environment (Brandtzacg ¢t o, 19%68)
However, the IgA content i the secretions
handled in this way was unaltered not only m
serous secretion, but also i purulent secre
tions, despite the difference in number of bat
tena and flammatory cells Thus, the Wf'
sible loss of IgA to the sediment mustbe small
The concentration ratio IgG/IgA of most e*
ternal secretions examined has been below
Duning mucosal inflammatory processes the
transfer of immunoglobulins to the se¢reton ®
enhanced and accordingly the ratio approaches
that of serum (about & 1) (Tomast & Buenet
stock, 1968) Therefore, it was not unexpected
1o find this concentration ratio above 1 1 1h¢
sinus secretions Thus, altered permeability o
the inflamed mucous membrane 1s one mech
amism explaning the high ratio 1gGllIgA s
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nus secretions  Another possible mechanism
might be an mcreased local production of IgG,
as an mcreased local proliferation of IgG im-
munocytes has been found n inflamed nasal
mucosa (Brandtzaeg, 1967)

Differences in permeability of the sinus
mucosa and n local production of immuno-
globulins might explamn the rather wide range
of individual values of immunoglobulins in the
sinus secretions, although other factors (dilu-
ton of secretion, proteolysis) governing the
turnover of components 1n sinus may inter-
fere However, the transmucosal transport
process is not known in detail Nor 1s the role
of diffusion, filtration and pinocytos as trans-
vascular transport mechanisms of macro-
molecules established (Parving et al 1974,
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maxillary sinus is well suited for the mvestiga-
tion of local immurnity, not only because of the
accesstbility of the secretion and the possibilt

ty of obtaming repeated specimens, but also
b of the possibility of ob the etio-
logical microorgamism with great certainty
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ZUSAMMANFASSUNG

Fur die vorkegende Arbeit wurde die Verteilung von lm
munglobulin 1m Sekret des Sinus maxiffans ber 17 Patien
ten mit Smusits mawllans untersucht Nachweisbare
Mengen von IgM fanden sich um Sekret von 15 Patienten
wahrend dies lich IgA und IgG im Sekret alier Pa.

Lonsmann Poulsen, 1974) In this
1t1s worth noting that the rano of secretion
albumin to serum albumin in this study (0 62~
075) was of the same magmtude as the ratio of
interstinal fluid (whole body) albumin to
serum albummn {0 66) (1 Poulsen

tienten der Fall war In etngem Swinussekret war der Ge-
halt an Immunglobulin mednger als i serossm Sckret
und der IgA-Gehalt war erheblich miednger Von dem
G an IgAm waren h

ich 30 Prozent (ber etrigem Sekret) und 43 Prozent (bei
serosem Sekret) ortlich erzeugt Fur IpG lag die ent
Zahlber 15-18 Prozent wahrend 1gM mutdem

1974)

The present results show that IgA and IgG
are locally produced 1n maxiliary sipus As the
caleulation formula used 1n the calcutation of
Tocally produced IgA and IgG does not take 1n
to consideration that the molecular weight of
alburmn 1s less than those of the mmuno
globulins the calculated values of 1gA and IsG
were underestimated, although probably to 2
rather small extent (Donovan et al 1970)
However, because of the large difference 1
molecular weight between albumint and IgM
the formula was unsutable mn calculation of
locally produced 1gM

In conclusion, this study shows that 1eM
IgA and IgG are present in purulent and serous

angewandten Verfahren micht geschatzt werden konnte

Die Arbeit kommt zu dem SchluB daB der Sinus maxil

lans emn geeignetes Organ fur die Untersuchung drihcher
dich st
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ZUM POSTNATALEN WACHSTUM DER NASENSCHEIDEWAND

H -J Schultz-Coulonund L Eckermerer

Aus der Hals Ne h der

hschule Hannover Hannover Deutschland

(Eingegangenam 20 August 1975)

Abstrakt Uber die Amatomre und Histologe und tnsbe-
‘Slond:rt uber die Lokalisaton und Entwicklung von

B er & i d st
verhaltnusmaBig wenig bekannt Ber 18 Kindern 1m Alter

vor allem durch die Arbeiten von Peter
(1913, 1938), Richter (1932) und Hillenbrand
{1933) etngehende Kenntmisse besitzen, liegen

¥o1 O bis 10 Jahren wurden postmortal die Septen 1n Oghch des p \! Wi nur
lnm und nach Dokumen  yarhst Big sparhiche ) vor,
ton histol, und

Wihrend zur Zeit der Geburt die noch vollstandig 1€ Zum Teil ebenfalls aulf die .Mltlelllungen
knorpelige S mt der nur  der Antoren, aber
durch eme sehr lockere bunden  auf die sy Unter von

18t treten mut zunchmendem Hohenwachstum des Vo-
mers Verknocherungszonen an der dorsalen Vomer

Scott (1953, 1954) zuruckgehen Danach st
ledighch bekannt, daB8 stchim Laufe des ersten

15t bexm

srprum € am Rostrum
sphenoidale nachzuweisen die Jedoch mucht als Aus
#ang der Lanuna perpendiculans anzuschen st da sie un
Laufe des ersten Lebensjahres verschwindet Die Osst
fikation der Lamina perpendiculans begnnt mit dem
Aufireten von Ossifikationszentren die zor Zert der
Getunt regelmaBig 1m dorso-kramialen Abschmtt des
knopeligen Septums gefunden werden Ausdruck des
relauy der Lanuna perpend:

1295 15t die auch 1m 10 Lebensyahr noch erkennbare en
¢hondrale Ossifikauonszone an ihrer Knorpel-Knochen
grenze Ebenso IaBt sich aus emem Verglech der ana
tomischen Beziehungen zwischen knochernen und knor
Peligen Septumanteilen 1 den verschiedenen Alterssiu
fen das gegenuber Vomer und knorpebgem Septum
schnellere W achstum der Lamuna perpendiculans ent
nehmen Daber finden die starksten Strukturverande-
Tungen innerhalb der ersten sechs L:bensj::hr:ssml

& G he des Sep-
f:c.h.:.. #s 1 der enchondra

) - " "

Ber chimurmschen Eigiuicn
o e daher die Wachstumszone
' Knorpel moglichst

ren Nase fohren kon
am kmdichen Septum sollt
2wischen Lamma perpendiculans bl
geschont werden

Wahrend wir uber dic embryonale E‘;nw:ck‘;
lung der menschlichen Nasenscheidewan

Leb es 1m dorso-hranralen Abschmtt
des zur Zeit der Geburt noch vollstindig knor-
peligen Septums multiple Ossifikationszentren
bilden Hillenbrand (1933) beschreibt Ossifi-
hationszentren bereits 1m 8 Embryonalmo-

"EI'C-G

~ ’ }! T
HZIMHII:‘ '\(

Abb I Amiomusches Praparat emes Neuge
septums  Das Mukopenchondnum 15t bexde
fernt Va=Vomer RS =Rostum sphen
Cnista galty '

e

/
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A6 7 Longitudinatschatt durch die Knorpel-Knochen

knochen (B) sind durch eine lockere Bindegew ebsschibt
getrennt Vergr J 125

grénze zwischen Vomer und S ber etnem
Neugeborenenseptum  Der Knorpel (€) und Vomer

nat, von denen ausgehend die Lamina per-
pendiculans durch enchondrale Verknéche-
rung fangsam in ventro-kapdaler Richtung

Nasenscheidewand zu  erweitern  Dabes
gngen wir jnsbesondere der Frage nach, ob
sich i den verschiedenen Altersstufen
b Wach 10 den hnorpelt-

wachst und sich im vierten bis sech Le-
nsjafr mit dem ebenfalls erst postnatal in
Hofie wachsenden Vomer knéchern ver-
mdet Man hat daber 2wer Wachstumsperto-
den unterschieden An emme Zen relatv
schneflen Wachstums schlieBt sich nach dem
7 Lebensjahr eine zweite Penode an in der
sich bis zum Beginn der Pubertat die GroBen-
verhaltmsse der Nase nur wenig sindern
Da n den letzten zwer jahrzehnten die
chirurgischen Emngniffe an der kindlichen Nase
und b s an der Kindlichen N: h
devwand durch die Publihationen zahlreicher
Autoren (Cottle, 1951, Jennes, 1963, Masing,
1971, Murr, 1970, Kastenbauer, 1973, Hell-

gen und kndchernen Septumanterlen mikro-
shopisch-anatomisch abgrenzen lassen, denen
der Rhmochirurg unter dem Gesichtspunkt
etner ungestbrien Wetterentwicklung der i
neren und duBeren Nase Beachtung schenhen
sollte

MATERIAL UND METHODL

Ber 18 Kindern 1m Alter von 0-10 Jahren (9
Neugeborene, 9 Kinder im Alter von 06, 1,
1.6 4 7, 8, 10 Jahren) entnahmen wir unmit
telbar p rtal die N. herdewand m
toto von der vorderen Schiidelgrube aus, wo-
bei b 4 Wert auf die Erhaltung der

mich, 1974, Pirsig, 1974u v a) h n
den Mttelpunkt des Interesses geriicht wur-
dew, ersctuen es uns wiinschenswert die
Kenntmsse Gber die anatomuschen und

Knorpel-Knochengrenze zwischen knorpelt
gen Septum und Lamina perpendiculans baw
Vomer und Rostrum sphenoidale  gelemt
wurde wir die Septen beiderserts

Nachd,

Verhal der wachsend:

Acta Os daryngol 82
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Abb 3 Kaochenb ander K

Brenze gwischen dorsaler Vomeroberkante (8) und
knorpeligem Septum (C) zehaahnges Septum Die brex

vom Mukopenichondnum  befreit  hatten,

ten O
anbau Vergr 1 125

{FPfedle) zegen lebhaften Knochen

steflung, d b also nur Knochen mit Knochen-

wurden ste ph ph t
und der besseren Ubersicht wegen halb-
sch h A hheBend

wurden ste 1n Metacrylat emngebettet 1 longi-
tudmaler sowie transversaler Richtung ge-
schnitten und nach verschiedenen Methoden
(Hamatoxylin-Eosin , Azur Eosin  Goldner-
Farbung, Toluidinblau) gefarbt

Um die Akuvitat des Knochenanbaus und
Knochenumbaus besser abschatzen zu kon
hen, haben wir die Knorpel-Knochengtenzen,
an denen wir 1m gefarbten Praparat Wachs-
tumsvorginge erkennen konnten, zusitzlich
mikroradiographisch  untersucht, emne Me-
thode, dic besonders Jowsey (1966) zur Dar-
stellung der Akuvitaisphasen tm Knochen
empfohlen hat Bei diesem Verfahren wird em
zunachst etwa 100 p dicker Hartschmitt durch
vorsichtiges Schlesfen bis zu emer D'x,ckc von

anbau- bzw -abt nicht aber Knorpel
oder Bindegewebe

24/74 01,

ABd ¢ Anatomue emes Neugeborenenseptums (halb-
Dre Os -

d
nur noch 50 u und mat
einem speziellen Gerat gerontgt Infolgedessen
kommen nur mineralisierte Gewebe zur Dar-

Rostrum sphenoidale (R S) sowre die Dssifika *
zentren der Lamina perpendiculans (LP) sind
Schraffur gekennzeichnet Mastab ¢a 1 1.5 /.

’
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134 H J Schultz Coulon und L. Echermerer

Abb 5 Enchondrale Ossifikatonszone am Rostrum

bet einem C=Knor
pel B=neugehiideter Knochen Vergr 1 125
ERGEBNISSE verhal genngfi N:
. 1. zar Qiylals ch oA, g D b

as wertethge Praparat emes

septums 15t i Abb 1 dargestellt Em

tieBlich der Crista gaih besteht es aus emer

ugen hanorpeltamelle die basalin die nahe
zu honzontal verlaufende Vomernnne hinein
gestelitsst Die Verbindung zwischen Knorpel
und Vomer bzw zwischen hnorpel und Pra
maxilia 15t noch so locker daB sich mach
Ablosen des Mukopenichondrniums der hnor
pelige Septumantett fast muhelos aus der Vo
merninne heraustosen laBt Histologisch (Abb
) stellt sich diese Verbindung als schmale
Bindegewebsschicht mit vorwiegend longitud:
nal veriaufender Fasernchtung dar die 2ur
emen Seite als Penchondrum i typischer
Weise honunmerhich i das hnorpeigewcbe
ubergeht sich aber auch nach der anderen
Seite ohne scharfe Grenzen als Penost mn
dem Vomer veresmgt Dieser lockere hnor
pel-Rnochenhontakt macht es sorstelibar
daf ber Neugeborenen und Saughingen schon

sy o eedRY

schnits fuhren kbanen wie es von harchner
(1955) Stemer (1959) Jeppesen & Windfeld
(1972} und anderen Autoren mehtfach ge
schildert wurde

Im ventralen Septumabschmit blesben auch
ber alteren hindern Vomer und hnomel
lamelle nur bindegewebig muemander ver
bunden jedoch wird diese Verbindung duech
die Entwicklung straffer hollagener Faser
2uge (besonders im Bereich der Spina nasals
antenor und der Pramaxilla) mut fortschro
tendem Alter immer fester Dagegen tretenim
dorsalen Septum myt 2unchmendem Hohen
wachstum des Vomess zahlreche Umbay
zonen an der hontahtstelle zwischen Vomer
oberkante und hnorpeligem Septum auf dre
Knorpelabbau und gleichzertigen hnochen
anbau 1m Sinne esner Anochenbildungsfront
it appostoneller  Ossifihation erkennen
fassen Dicse Umbauzonen finden sich stel



7
vand

Zum

Abb 6 K an der Knochen-K
belgrenze zwischen Rostrum sphenoidale und knorpeh

tonelle K st an den O
(Pferle) 7u erkennen B=Knochen Vergr 1 100 Auf
der Aufniahme (Abb 64) drucken

gem Septum bey emer
Der histologische Schrutt (Abb 6a) zergt die von Binde
gewebe engeschlossenen Chondrozytennseln (C) als
Ausdruck allmahlichen Knorpelabbaus Das  appost

die zahlreichen schwacher mneralisterten Zonen (Pfer
le) emnen lebhaften Knochenanbau aus Vergr 1 125

lenweise bereits bern einjahngen Septum und
sind bei alteren Septen regelmaBig am gleichen
Ort nachzuweisen Ein entsprechender Ab-
schmtt aus der Vomer-Knorpelgrenze des
3 das wir
konnten, 1st 1n Abb 3 wiedergegeben kletne,
von Bmdegewebe umschlossene Knorpel
mseln hegen in unmuttelbarer Nahe des Kno-
chens, dessen breite Osteoidsiume von leb-
haftem Knochenanbau Auskunft geben
Ahnlich wie ber der Lamina perpendicula-
ns beruht also auch berm Vomer die GroBen-
zunahme seiner dorsalen Flache tellweise
auf emer allmahlichen Verknocherung der
dorsalen knorpeligen Septumlamelle mit dem
allerdings wesenthichen Unterschied, daB hier
keme enchondrale Ossifikation vorlegt (wie
ber der Lamma perpendiculans), sondern
daB em langsames appositionelles Knochen-
dem vora de Knorpel ,
abbau folgt
Dagegen erschemnt dje Kontakt
zwischen Knorpellamelle und Keilbein

Acta
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136 H.-J. Schultz-Coulon und L. Eckermeier

:bb. 7. Enchondrale Verknocherungszone an  der
< K

Nasenscheidewand  CwKnomel,

ciner achtjshngen
B=Knochen, Vergr, 11125

hen Vomer und Knorpel. Indem sic

norpel der Lamina perpend ber
(Rostrum sphenoidale) beim N borenen  wie zwi
regelmdfig als typischer hondraler Ossi- Ji

1 fortschreiten und spater mit der vor-

fikationsherd (Abb, 4, 5): Die Knorpelzellen
> + sich zum sog. Saulenknorpel auf, wer-
blasig aufgetrieben und von Chondro-
wten  abgebaut; unmuttelbar hinter der
Knorpelabbauzone treten die ersten Kno-
chenbilkchen auf. Diese sphenoidale Ossi-
fikationszone 1st nicht als Ausgangspunkt
der Lamina perpendicularis zu betrachten,
da die ausschhieBlich enchondrale Verknoche-
rung sehr bald nach der Geburt gestoppt wird,
50 daB sich schon beim einjahnger Septum ein
ganz anderes Bild an dieser Stelle ergibt (Abb.
6a): Auch jetzt faBt sich noch Knochenanbau
durch die Anwesenhent von Osteordsiumen
und breiten, schwiacher mineralisierten Rand-
zonen (Abb. 6b) nachweisen, doch hat die
Wachstumsgeschwindigheit tn diesem Bereich
offensichtlich erheblich abgenommen. Nach
Verschwinden der enchondralen Ossifika-
tion beobachtet man hier also die gleichen
Wachstums- und Verkndcherungsvorgange

Acta Otolaryagel 82

wachsenden Lamina perpendiculans ver-
fiihren sie allmihlich zur vollstin-
digen Verkndcherung der dorsalen Septum-
hilfte.

Ossifikationszentren der Lamina perpends-
cularis konnten wir unmittelbar hinter der
Crista galli am kranialen Septumrand (sche-
matisch in Abb, 4) regelmaBig bei Septen von
Neugeborenen in Form von an mehreren
Stellen in den Knorpel cingesproBten Bif!db
gewebsstriingen mit cingestreuten winzigen
Knochenbilkchen nachweisen. An  d¢f
Knorpel-Knochengrenze der Lamina perpen-
dicularis blcibt eine. wenn auch sehr schmale.
so doch ausschheBlich enchondrale Ossifika-
tionszone bis mindestens zum 10. chemgihf
erhalten, die man wohl als Ausdruch cines
relativ schnelleren Wachstums in ditsen'\ Be-
reich interpretieren muB. Der hisxok\gtttht
Schnitt {Abb. 7), der von einem achtjihniges
Septum stammt, 2eigt dic bekanate Saulen-




Zump

der N heidewand
o
:fg»k ¥
{ a _
n‘.LL..@Lx_h
L b
abk o - © = -4 srmeceemder s der gleichen Ossfikationszone (Abb 85) zeigt das fur
eine X typische
. ahnliche * Bild mit zahireichen schwicher munerahisierten
Zonen Vergr 1 125.
Vergr, 1 100 Die mikroradiographische  Autname

formation der Knorpelzellen zwar mf:h( mehr
so deutlich, beweist jedoch durch die unmut-
telbare Nachbarschaft der a\:\fgc(n:bcn:n
und sich langsam auflosenden Knorpelzellen

webe, daB es sich um erne rein enchondrale
Verknocherung handelt. Beim zehnjzhngen
Septum 1aBt sich em ganz ahnliches Bild beo-
bachten (Abb 8a), jedoch 1st als Ausdruc

2u dem m Aufbau befindlichen K

/'\

. Py
enes | Wachstums die Ver

Acta0
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18774 1J.

Abb 9 Amatomic e ner 0 6jahngen Nasenscherdewand
(oben) und emer 1 Gahngen Nasenscherdewand (unten)
Halbschematisch MaBstab ca [ 11

ngszone noch schmaler geworden und die

ssifikationsvorgange sind stellenweise unter

rochen Die mikroradiographische Aufnahme
{Abb 85) des gleichen Praparates zewgt zah!
rerche schwacher muneralisierte Zonen als
Zeichen emes aktiven Knochenanbaus

Auch der makroskopisch anatomische
Vergleich der Septen in den verschiedenen
Altersstufen ISt das gegenuber Vomer und
knorpehigem Septum schnellere Wachstum der
Lamina perpendiculans wahrend der ersten
5-6 Lebensgahre erhennen Bei emer halbjah
nigen Nasenscheidewand (Abb 9) fanden wir
die Lamuina perpendiculans als hleinen ver
knocherten Bezirk am oberen Septumrand
dorsal von der Cnsta galli Nach dem ersten
Lebensgahr hat sie sich uberwiegend in dorsa
ter und ventraler Richtung entwickelt hat die

die Verhnocherung embezogen Erst wenn
etwa 1n der Mitte des zwesten Lebenspahres
auch die Cnista galli vollstandig ossifizien
1st (Abb 10) setzt ein vorzugsweise nach
kaudal genichtetes Wachstum der Lamm
perpendiculans ein Jjedoch hat sie auch nach
dem vierten Lebensjahr den in die Hihe ge
wachsenen Vomerrand noch micht emeicht.
Im 6 Lebensyahr (Abb 11) 1st der hnocherne
Kontakt mit dem Vomerrand und dem Rost
rum sphenodale bereits hergestellt danach
andern sich die anatomischen Beziehungen
zwischen knorpeligen und knochernen Sep-
tumantellen nur noch genngfiigig wennglech
die Gesamtflache des Septums vom sechsten
bis zum zehnten Lebensjahr deuthch zuge
nommen hat

Eine ungefahre Vorsteliung von der alters

2/74 16)

174 4)
herdewand
Abb 10 Anatomue ciner 1,6ihngen Navensc
(oben) und cincr 4ihrgen Navemchadewand (xatend
h h Mastab ca ) 11

Cnsta gall jedoch noch mecht tn

Acta Ot daryngol &2
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5/74 10).

hiedlict llem Wach — wie Scott
es getan hat — kaum moghch, da sich die
Wachstumsgeschwindigkert micht plotzlich zu
emnem bestimmten Zeitpunkt, sondern ganz
alimahlich andert

Hinzugefiigt set daB es ethebhche mdivi
duelle Unterschiede 1n der Anatomue der
kindhichen Nasenscheidewand gibt Wahrend
be: unserem sechsjahrigen Septum die Larmina
perpendiculans den Vomerrand bereits er-
reicht hatte waren ber einem siebenjahngen
Septum die berden knochernen Septumanteile
noch durch emen breiten Knorpelstreifen
getrennt  Offensichthch kann also die Ver
schmelzung von Vomer und Lamma perpen-
diculans erst sehr viel spater erfolgen So hat
Momson (1970) ebenfalls darauf hingewiesen,
daB man auch jenseits des zehnten Lebens-
sahres noch Septen finden kanu, ber denen
der knorpelige Teil bis zum Keilbemkorper
reicht

DISKUSSION

f; d darf man hst fest-
stellen, daB das postnatale Wachstum der
d: d 1n erster Linie durch die

Abb 11 Anatomue ewer €jahngen
{oben) und einer 10jahngen Nasenscheidewand (unten)
Haibschemausch MaBstab ca 1 14

schuelle VergroBerung der knochernen Sep-
tumantetle — inshesondere der Lamina per
pendiculans — charaktenstert wird, und daB

W

sich andernden
der g h

Wand kann man sich verschaffen wenn man

die Produkte aus Lange und Hohe der emzel

fen Septen als relatives FlachenmaB in ein

Koordinatenkreuz emntragt (Abb 12) Nach

abhangig
sch di

hetd

diese E ginge sich h t

Iich 1n den ersten finf{ bis sechs Lebensjahren
abspielen RegelmaBig lassen sich schmale
Wachstumszonen an der Knorpel-Knochen
grenze der Lamuna perpendiculans, des Rost-
rum sphenoidale und der dorsalen Vomer
oberkante . wobe1 das Iebhafteste

dem sich 1n der Mitte des ersten Leb hres
die Septumflache bereits nahezu verdoppeit
"

Wachstum am Ubergang zwischen Lamina
dicuk: und  knorpeligem Septum

hat, smkt die Wack Keit mit
zunchmendem Alter laufend ab Das ent
spricht den Untersuchungsergebmissen von
Scott (1953) insofern als das Septum in den
ersten funf tis sechs Lebensjahren schneller
wachst als nach dem sechsten Lebensjahr
Jedoch erscheint angesichts unserer geschatz
ten Wachstomskurve eine genaue zerliche
Ab g von zwer Per mit unter

perp 1
stattzufinden schemt Innerhalb der knorpe-
Igen und knochernen Septumabschmitte sind
wgendwelche Wachstumszonen morpholo-
gisch Jedoch nicht abgrenzbar

Die Tatsache des relativ schnellen Wachs-
tums der Lamina perpendiculans honnte
durchaus die Vermutung von Pirsig (19 -
stutzen, da 1m ethmoidalen Scpluqkn’

Acts O1
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\bb 12 Postnatale Wachstumsgeschwindigkeit der kind
hen Nasenscheidewand (Ordinate Produkt aus Lange
’Héhc der Septenan em? Abszisse Lebensalter )

/

emn wichtiges, fir das Hohenwachstum der

Nase dend:
hegt Weitere Anhaltspunkte fur diese Hypo-

1w
W

sehtionen (emschhieBhich Muhopenichondn-
um) aus der entsprechenden Septumregion
vornahmen und daraufhin Storungen der Mit-
wicklung beobachteten Diesbe-

these haben wir aus unseren morph h
Studien allerdings nicht entnehmen kénnen
Manche amenkamsche Autoren (Momson,
1970, Stevens, 1970} legen das pnmare Wachs-
um an die Verbindungsstelie zwi-
schen knorpeligem Septum und Pramaxilla,
d h n emen Berewch, der etwa dem Loc
Kiesselbachu entspricht und der im amenha-
wschen Schnfttum nach Mosher (1909. 21t n
Momson) als “the arca of the septum mo-
saic” behannt 15t Diese Ansicht gritndet sich
anf die Ergebmsse von Wexler & Samat
(1961}, de ber gungen Kanminchen Knorpelre-

Ata Orolarvaeod 82

zughch sind auch die Untersuchungen von
Long et al (1968) bemerkenswert, die chen-
falls ber Kaninchen nufaulomdnogmphuchczﬂ
Wege emne verstirhte Prohferationsaktivitst
1m antero-infenoren Scptumbereich sowie an
der enchondralen Wachstumszone der sep”

h Vert stelle nachwerse?

konnten
Man wird s hinfugen Untersuchungen

uberlassen missen, ob fatsichlich innerhafd
des hnorpehgen Septums besummte Wachs-
(wmszentren lokahsiert werden hdanen Im
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merhin aber darf man aus der Ahnlichkeit der

141

mangelhaft komgieren kann Jede Septum

dral o

plastik 1m Kindesalter sollte so honservativ

Lamina perpendiculans und Sep pel
mit emmer Epphysenfuge der langen Réhren-
knochen schlie8 dal dem ten

d h so strukturerhaltend wie mdghch durch
gefuhrt werden sollte sich nur auf die Repo

Wachstum des Knorpels die entscherdende
Rolle fur die regelrechte Entwicklung der
duBeren und inneren Nase zukommt Hier
fur hen die bereits er Unter-

sition des fehl 1l Sep beschran
ken und sollte mit Knorpel- oder Knochen
resektionen vor allem 1n den vorderen und
mittleren  Septumabschritten  &uBerst zu

khaltend sein Daruber hinaus sind wir der

ruc!

suchungen von Wexler & Sarnat, die Befunde

Ansicht, da8 man in den ersten sechs Lebens-
Jahren hts der steiler verlaufenden

von Pétrovi€ et al (1969), die die
Woach

p des Sep pels von
Ratten 1 vitro zeigen konnten, und huerfur
sprechen vor allem die zahlreichen khimischen
Beob von Wach ungen der
auBeren Nase ber Fallen mut kongemitaler Ap
Iasie des knorpeligen Septums oder nach fruh
findlich Sep oder Sep b
szessen Wenn Hayton (1918) nach submu-
koser Septumresektion bes 31 Kinden 1n 33%
der Falle ene Verbremterung des Nasen
ruckens und 1n 20%% em angedeutetes Ein
sinken der Nase sah, und wenn Ombredanne
(1942) ebenfalls nach submukoser Septum-
resektion ber 50 Kindern in sogar 609 der
Falle emne Abflachung der knorpeligen Nase
mit weicher Columelia feststeflen muBte so
erscheint es micht abwegig, wenn man diese
Spatdeformierungen der auBeren Nase auf
das gestorte Knorpelwachstum infolge der
durchgefuhrten R und dere
auf ene Zerstorung der enchondralen Osst
fikationszone zuruckfuhrt
Damut konnen wir aus unseren histologisch
anatomischen Untersuchungen m Hinblick
auf die S urgie 1 Kindesalter die
gleichen Richthmen ableiten wie sie sait
Cottle (1939, 1951) von vielen Autoren
(Masing, 1971 Kastenbauer 1973 Pirsig &
Knahl, 1974 u a) vertreten werden Eine
submukose Septumresekuon nach Killian
verbetet sich auf Grund der damit unver
merdbar verbundenen groben Zerstorung von
wachsenden Strukturen — ganz abgeschen da
von, dafl diese Methode den gerade ber Kin
dern besonders haufig deformuerten oder sub-
luxierten  vorderen Septumabschmtt  nur

Wach ve mit der Indik zu rhino
plastischen MaBnahmen besonders vorsichtig
umzugehen hat

SUMMARY

Up to now hittle 1s known about the anatomy and histol
ogy and especially about the germinatve zones of the
growing nasal septum We totally removed 18 septa of
children between O and 10 years mmediately after
death After photographical documentation these septa
were studied ity and

1t was found that at birth the connection between the
cartilaginous septum and vomer only consists of a small
and very loose layer of connective tissues Dunng the
first year of Iife several ossificaton areas appear be

tween vomer and cartilage 1o the dorsal part of the sep-
tum An enchendral ossification zone at the rostrum
sphenodale was regularly seen m the neonatal septum

but disappears soon after birth The development of
the perpendicular plate starts from multiple ossifica

tron centers regularly to be found i the dorsocranial
part of the neonatal septum The perpendicular plate is the
fastest growing part of the septum and even in the tenth
year of hfe still shows an enchondral ossification zone
around 1ts border The shape and the size of the septum
changes most dunng the first six years subsequently
septal growth slows down markedly As the enchondral
ossification zone resembles an epiphysis carulage 1t 13
assumed that lestons in this area may lead 1o growth

disturbances of the inner and outer nose It 13 therefore
emphasized that regarding rhinoplasty wn children this

ossification zone should be preserved by the surgeon
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CERVICAL THYMIC CYSTS

N J Johnsenand P Bretlau

From the Untversity ENT Dep

ler Co h Denmark

{Recetved October 9 1975)

Abstract A seview of cervical thymus cysts and a case
Teport are presented This ben gn lesion was as i most
cases previously reported situated laterally on the neck
deep to the antenor border of the sternocleidomastord
muscle and thus s mulating a common branch al cyst pre
operatvely But unhike the latter most cases of cervical
thymus cysts are recognised dunng childhood They are
beleved to develop 1n remnants of thymic tissue which
have faled to descend from the thind branch al pouch
:;}o the mediastinum n the 6th to 8th week of embryonic
¢

The congerutal thymuc cyst ts a rare tumour
which can be situated 1 the neck or 1 the
mediastinum (Serensen et al 1956 Le Roux
1962 Oldham & Sabiston 1967) In the fol
lowing report only cysts in the neck are con
cemed Polloson & Piery mn 1901 were the
first to attempt a partially excision of a cervi
cal thymic cyst In 1944 Hyde et al reported
the first successful removal of an aberrant
cystic Thymus from the neck of a § year old
boy Most cases of cervical thymuc cysts have
been published in recent years and they ap
pear to constitute a distinct entity In 1974
Fahmy made a thorough review of 31 pre
viously operated cases and stated their
common clinical and pathological pattern
About two thirds oceur 1n the first decade of
Iife and most of the remainder 1n the second
In contrast to this the majonty of the common
branchial cyst occur after the second decade
Males are affected twice as often as females
The cysts secem to be more common on the
feft side and are usually situated deep to the

antenor border of sternoclerdomastoird muscle
adjacent to the carotid sheet About half of
the cases have sold extensions down to the
mediastinum  The majonty of the cysts are
mululocular and contamn an opaque yeliow
brown flud filled with cholesterolcrystals
Microscopically the cyst wall consists of reg
ularly arranged thymus tissue with Hassalls
corpuscles which 1n some cases show cystic
degenerauon Areas with cholestero! crystals
surrounded by foreign body grant cells are
often found The eprthelum hining the cysts
ranges from a single layer of flattened squa
mous or low cubodtal cells 1o a multilayered
stratified squamous epithelum

The purpose of this paper 15 to present an
additional case of cervical thymc cyst, which
has most of the charactenstic features and to
discuss the pathogenesis of these cysts

Case Report

In an otherwise healthy 7 year-old boy a pain
less swelling tn the left side of the neck was
observed following an upper resprratory tract
nfection 2 weeks before adnussion to hospi
tal

Exanmunation revealed a soft indolent prob-
ably cystic mass the size of a mandann on
the left side of the neck along the lower an
tenor border of the sternocleidomastoid mus
cle The mass was not pulsating and did not
move with 1! g On forced
ttincreased n size There was no redness ~

Actar
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Fe 1 Gross appearance of the lobulatéd club-formed
tumour

induration over the tumour 1nd no assoctated
lymphadenopathy could be palpited An
X ray of the chest and routine laboratory tests
ncluding a complete blood cell count revealed
nothing abnormal A common brancha! cleft
cyst was the most likely preaperative
dingnosis and surgical exploration w s carned
out through a trnsverse incision on the left
side of the nech The tumot  an encapsulated
cystic mass was exposed and found to lie
superficilly to the carotid sheath beneath the
antenor edge of the sternocleidord muscle
The lower portion of the mass extended

A0 s agdR?

downward into the superior mediastinum as
a solid cord and had to be cut before the cyst
could be removed The postoperative coune
was uneventful

Pathology

Gross examination (Fig 1) revealed a yellow
bluish lobulated club formed tumour meas
unng 13 cm 1n length and 4 cm in diameter
at the upper pole and 2 cm 1t the lower On
section the specimen was multidocular with
one large and several smaller cysts filled with
adark brown fluid The himing of the cyst walls
was smooth The walls consisted of firm white
tissue and vaned from [ to 5 mm in thickness

Microscopy (Fig 2)

The large cyst was hined with flattened 2-3
layered squamous epithelum In the wal
of this lumen many small cysts hined with the
same type of epithelum were found Among
the cysts there were abundant amounts of
thymic tissue with formation of cortical and
medullary areas contarning Hussalls cor
puscles which 1n some cases showed cystic
degeneration Numerous arets with choles
terol clefts surrounded by histrocytes and
foreign body giant cells and areas with recent
blood clots mixed with flammatory cells
were also seen

DISCUSSION

Embryologically thymus s a pared organ de
nved from the third pharyngeal pouches
(Hamilton et al  1972) Dunng the sixth week
of fetal hife the thymic pnmordit develop as
a ventral sacculation on each side (Fig ) B
continued growth these sacculations elongate
caudally as tubular structures which soon
become solid due to epithelial proliferation
The connection with the third phmns"’
pouch 1s severed by the seventh week and lh;
two pnmordia then fuse i the mdline an
descend 1o their final positon in the antenal
mediastmum  attached to the pencand v
dunng the eghth week of embryomc 11¢
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Fig 2 The cyst wall lined with squamous epithebum con
taming abundant amounts of thynuc tissue with Hassall s
corpuscles Hacmatoxylin and eosin x40

Remnants of thymic tissue may be implanted
anywhere along the normal route of descent
and are occasionalfy found among tissues
e d dunng y op for
parathyrord adenoma (Eliis, 1967) or at
surgery for unrelated thyroid diseases (Indeg-

10-7629eg

Cervical thymuc cysts

it
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ira etal . 1967) The pathogenests of cyst for-
mation within thymic tissue 1s sl a matter of
controversy Speer (1938} onginally suggested
that thymic cysts may develop 1n a number
of different ways However, st seems quite
possible erther that the cysts anse as
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Fig 3 Diageam of the branchual apparatus

result of cystic degeneration in Hassall's
corpuscles (Ellis, 1967) or that they are de-
nved from remams of the thymopharyngeal
tubules (Fahmy, 1974) Smnce the thymus
reaches 1ts greatest size i the years before
puberty i1t 1s not surpnsing fhat the peak mei-
dence of cervical thymic cysts occurs m child-
hood

Although a case of malignant epithehoma
m sohd undescended thymus tssue in the
neck of a child have been reported (Pirkey,
1954) no malignant changes in association with
a cervical thymic cyst have yet been pub-
lished Nor have another passible complica-
tion myasthema gravis been recorded 11 35
well knowa that the thymus plays an tm-
portant role wn the development of immune
logical competence A thymuc cyst sn the neck
usually represents only a part of the pauenr’s
thymic tissue and so far there have been no
reports on 1mmunojogical deficiencies fol-
Towing removal of a cervical thymic cyst

The differentsal diagnosis of an asympto-
matic Jateral cystic mass mn the neck of a child
must incfude Cystic hygrom?, common bran-

of cysts also should be taken under consuden
uon

ZUSAMMENFASSUNG

Eine Ubersicht Giber cervicale Thymuszys 22 end c2
£att 2 3a ~ N

deus lokahsiert und simulierte s0 properan an g
wohnliche branchiogene Halezyste Aber im Gepeesits
2u diesen kommen die cericalen Thyowans s o°
haufigsten ber hmdern vor Man sermutet 4 dee
Zysten vom Thymusgewebe entwickelt und das ke
Absteg der Thymusanlage in dem Mediasunun w !
der 6-8 Embryonalwoche in der dntten Brast.t
furche hinferlassen wurde
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A NEW METHOD FOR STRENGTHENING PALATAL CLOSURE
DEFECTS OF THE HARD PALATE

A Biorklund Hy Kochand K 1 Pettersson

From the Depariment of Otolaryngology Unversity Hospital Lund Sweden

(Recewved August 21 1975)

Abstract Closure of minor defects 1 the hard palate can
be done with local flaps  There 15 often a nsk of perfora
ton of the reconstructed area In the case reported this
compfication was obvious due to a farge thin flap-
covered area In strengthening the reconstruction fascia
lata and Surgicel® was used The postoperative result was
excellent and the rehabilitation of the patient was without
complications

Reconstruction of the palatal process of the
maxillary bone 13 sometimes a climcal prob
lem Major defects can be replaced with
prosthests Mmor defects can be closed with
local flaps However, after reconstruction
with flaps, the area can be very vulnerable and
can perforate In this case report a method for
the strengthenung of such flaps is described

CASE REPORT

An 11 year old boy was admitted with a 1 cm
farge soft tumour n the left hard palate close
to the midline The alveolar process was not
affected Fine needle aspiration biopsy dem

onstrated a pleomorphic adenoma buta highly
T m pidermord of
low grade could not be excluded

The tumour was extirpated leaving the bone
Intact At histopathology the tumour was clas

sified as a muco-eprdermord carcinoma as in
the cytology report However the tumour had

been resected with small margins and a new
operation was ndicated At the second opera
tion all soft tissue and bone covenng an area
from the midline to the maxillary sinus was
extirpated The anterior-posterior extension
of the operation was 3 ¢cm The peniosteum to
the nasal cavity was left n a denuded state
towards the oral cavity The region had some
granular changes but frozen sections did not
demonstrate any cancer However, after ex

amunation of permanent shides, cancer was
found A third operation was therefore
planned

Operation

The operation field was revised All perioste

um and mucosa 1n the operation aren was ex

tirpated leaving a defect to the nasal envity of
x4 cm (Fig 1) To reconstruct this surgicit
defect a vomenn flap was raised nnd based on
the upper left septal wall The flap included
the penosteum and mucosa A similur fup was
raised from the lateral wall of the pasal cavity
beneath the infenor conchy A Portex tube

size no 4 was placed into the payal cavits 0

support the flaps from above [he flaps were

proximated and sutured with one fayer of 30

dexon stitches (Fig 2) The rec. *

was large and very thin The nsk ~

tion was therefore consldered
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his complication a free graft of fascia lata was
laced into the palata! defect and extended in
o the nasal cavity beneath the vomerin and
ateral flaps The residual defect in the palate
vas filled with Surgicel® Both the fascia and
ULBICCI’ were held in position by a palatal

. fixed to the teeth (Fig 3)

}

cta Ordarymg 4 8°

Fig 1 Lower part of left paval canity » th
the defect in the hard palate after surgery
of tumour and adjacent tissues

Follow up
The patient was fed via a naso-gastric tube for
14 days No antibiotics were given The palatal
plate was changed after 10 days and new plate
was made This plate was kept for 4 more
weeks

Six months after operation the defect had

Fie 2 Medul and fateral flaps are raned
and sutured heneath the Pretet tute
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healed and the mucous membrane 1 the hard
plate was smooth and thin In the nasal cavity
there was a normal passage and no defects
were seen The patient has been followed up
for 24 years There 15 no recurrence and no
metastasis

DISCUSSION

Recently Hjertman & Eneroth (1970) have
discussed the classification of tumours of the
palate In their matenal of 383 cases salivary
gland tumours were more commonly found m
the hard palate The prognosts for the carcino-
mas 1n this matenial was also analysed (Ene
rothet al 1970) It was found that the muco-
epidermord carcinomas could be divided into
two groups based on histopathology A total

149

F'g 3 Fascia lata 1s placed mto the nasal
cavity The defect in the hard palate 1s
filled w th Surg cel® The substtutes are
held 1n posit on by a palatal plate

was planned After raising and stitching the
flaps as has been described earlier 1n surgery
of the cleft palate the nsk of postoperative
perforation was evident This complication 1s
a major problem n reconstructive palate sur
gery and interferes with the rehabilitation of
the patient Expenence with fascia grafts mn
myringoplasty prompted us to use a free graft
of fascia lata as a supporting measure The
residual defect in the hard palate had to be
filled with some substance sumulating a fibro-
sis for healing This 1s the same problem as
surgery of the skull base Elner & Koch ( 1974)
have found that Surgicel® has a good capacity
to sumulate fibrosis in skull base surgery For
that reason we chose resorbable matenal for
our case The long term follow up has dem

of 27 pidermod car was stud

d that a fibrosis could also be induced

1ed 21 of these were classified as ighly differ
entiated In the 5-20 year follow up none of
the 21 patients died from the tumour disease
This finding demonstrates that highly differ
entated muco-epidermord carcinomas of low

and the fibrous tissue acted as a skeleton for
the mucosa growing from the border of the
defect Half a year after operation there was
no deformity m the hard palate thus indicating
a rapid healing which 1s an advantage for the

grade mal are not aggr wmours
and justifies local resectioning with suutable
Feconstruction procedures

Due to the low grade mafignancy of the
tumour 1n the present case a himited resection

Surgicel® has also been used 1n
lhe closure of non perforated defects 1n the
hard palate At surgery of benign tumours
Iarge areas of bone and mucosa are aften ex
cised Application of Surgicel® in the de ~
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created has always achieved complete healing
without using local flaps.

In conclusion, a simple device for the
strengthening of flaps in hard palate recon-
structive surgery has been described. A
modification of the method can be utilized in
palatal non-perforated surgical defects

ZUSAMMENFASSUNG

Das SchlieBen von kleineren Defekten im harten Gaumen
kann man durch [okale Schwenklambeaux besertigen Es
gibt tmmer e P ko n dem k

stirken, wurden Surgice!® und Fasciatata sngewand: Das
postoperative Ergebnis war sebr gut, die Rehabiitieruny
des Patienten verfiel ohne homplikationen
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PROGRESS IN OESOPHAGOSCOPY

S Borgeshov,J Egedorfand H Kruse-Blnkenberg

From the Department of Troracic Surgen Bispetyer Hspual
Copenhasen Denmark

{Recerved September 3 1975)

Abstrace 667 end. of the
performed dunng a 5 year penod by the nnd as well as
by the flexible oesophagoscope are reviewed 30¢% of
the procedures were d Th

panents presenting with foreign bodies 1n the

oesophagus
of 7 The use of flevible endoscopes 1n diagnostic
as well as therap oesophagoscopy has by

e
Pauents with oesophageal cancer stress the
of perte n

3 these pa
tients In 10 the tmour was found to have 1nvaded
the bronchyal tree On the basis of the biopsies taken
there was a siguficantly better agreement with the final
haznosis when the biopsies were taken with a flexible
than with 2 gid aesophagoscope Owing to the stmuf
taneous occurrence of gastne and duodenal diseases in
30% of the panents of the

now largely replaced the conventional ngid
nstrument In consequence, mcreasing num-
bers of exammanons are bemg performed
under local anaesthesia  Many different
brands and types of flexible scopes are avail-
able A feature 15 the construction

should always be combimed with gastro-duodenoscopy
The of ends m patients with dysph

bUt negative X ray findings 1§ stressed as a step towards
carher diagnosis of malignant oesophageal diseases
Moreover a certun centrahzanon of the evammations
8 w of the increasing ex
PNSES for modem endoscopie equipment and  the
Spectat demands on its daly tending and maintenance

Endoscopic of the P

of a highly flexible instrument 1n which the
tight (from an externd source) as well as the
picture are transmmtted through coated glass
fibres Experience m the present senes
1s based upon the use of oesophagoscopes
from the Olympus Optical Co, Japan The
oesophagofiberscopes, 65 or 85 cm in length,
are for straightforward viewing It s possible

may have either a diagnostic or a therapeutic
am It 15 performed on patients 1n whom X ray
€xamunation of the oesophagus shows changes
needing confirmanion by biopsy etc and on
Patients with normal X-ray findings, but with
persistent symptoms indicating oesophageal
disorder

In one third of panients with oesophageal
diseases, Belsito & Dickimson (1972) found
d; b the diol al and
the endoscopic findings

Most often therapeutic oesophagoscopy fs
performed on patients with oesophageal stric-
tures which have to be bouginaged and on

to nsufflate aw, flush water, and aspirate
secretious through a channel 2 mm in dia-
meter This channel also admuts biopsy for-
ceps  brushes to collect eytological speci-
mens, and forceps to remove foreign bodies
(Fig 2}

Treatment of benygn oesophageal stnctures
can be camed out with the Eder Puestow
stringless dilators, with the wire funde passed
through the biopsy channel (Price et al L1979

In the new models, controlled angular bend-
ing of the distal up 15 possible, in four direc-
tons The four way wide angulation mechan-
tsm and the forward viewng opuical system..,

Acta Otolary
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Fiy 7 Flexble ocsophagoscape of the brand Ofympus
EF and gastcomntestnal fiberscape imodel GIF-A

make possible smooth msertion snto the cav-
ies for ebservation and photography Usiag
the two fong models GIF D & K 1t 1s easy to
loop the up of the scope. and visualize the
cardia from the stomach This part of the
examnation ts very tmportant, mamly be-
cause of the frequent occumrence of malignant

tvity to blue hght, such as fodak Ects
chrome, can 1 such cases disclose the vanees
when the exposures from the cramnaon
are studied

The most senous comphication to endo-
scopic examination of the ogsophagus 8 pef
foration of the organ The frequency of sstnt

changes at the cardia Now i 1s also possibl

to make a certan dragnosis of hiatal herma
(esp the rolbing para-oesophageal type) and
incompetence of the hatal sphincter (Anselm
etal , 1971, Hradshy etal  1973)

The ease of high-quality photography vz
the flexible scopes 1s of importance i reporn-
tng oesophageal findings, and 1n panents with
oesophageal vances 1 can be of drgnostic
value too The reproduction of colours
through the glass fibres 1s not perfect The
mucgsa assumes an abnormat reddish yellow
colour (Conn ct al, 1967, and the shghtly
Blue colour of vances cannot be percesved by
the human eye A film having + higher senst-

mental perfo has been reduced by at
Jeast 5077 sinice the sntroduction of the fev
{ble snstruments With the ngnd scope the fie
quency of perforations has vaned (@ dszms;
series from O 1347 (Katz 1969) to 977 e
et al , 1956) In a senes of some 40th:¢:'
scopic examnations Patmer & Wins 119 ‘;l’
found 0 25 perforations and Elner & Dah
buch (19621 0 5177 1n 3963 canes Wath :\i;:exr
ngid scope Katz kad 0 057 and mﬂl‘lhc <t
ible one 0097 Schuller et & 11972) P
0087 perforations wath the n:uh)nuﬁm
The symptoms of aesaphaged prrﬁ:(‘-‘ e
are related pamandy to the tocauen & o
imyuny  Almost &} perforations are AN
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Fg 2 Bopsy forceps cytology brush and fore gn body
fo ceps fo the flex ble endoscape

with pamn fever and dyspnoea The tempera

Table | Iists the most important dragnoses

ture and pulse rate nse and sub

1c h (65) make

emphysema spreads from the suprasternal
notch  Treatment should be mdividualized
but surgical management offers the most re-
hable results (Castberg 1965 Gerard et al
1968 Young & Nicoloff 1969)

MATERIAL

The present matenal compnses 667 endo-
SCOpIC of the ph

up one fifth of the total consisting marnly
the bouginage of benign stnctures

Fifty seven patients had htatal herma of the
shding type 25 comphicated by peptic oeso-
phagiis In 29 patients there was a question
of peptic oesophagitts without a co-existing
herma t1e reflecting pure cardial wncompe
tence Nevertheless this was descnbed as a
finding 1n only 15 endoscopies

per
formed dunng the peniod 1969-1973 A total
of 307 panenmts were examned thus on
average each underwent 22 exammnations
186 patients were males and 116 females Only
6 of the patients were under 0 years of age
213 exammations were carned out by the
conventional instrument 454 by a flexible

oesophagoscope of the brand Olympus EF
P ™

Bronchoscopy was carned out routinely in
connection with the first oesophagoscopy
m all pauents with oesophageal stricture
Among the 77 patients with oesophageal can
cer 1nvaston of the trachea or left main bron
chus was found 1n 8 (10%%) a sure sign of i
operability In another 22 patients broncho-
scopy revealed abnormalties uswally bron
chitic changes due to overflow from the

Acta
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Table I Suri ey of diagnosis

patients with tumours of the lung who had the
ocsophagoscopy done n connection with
bronch py Among 240 panents who had

Diagnoses No of pauents
Benugn stenosis 43
Mahgnant stenosis 77
Oesophageal diverhicolum 20
Ocsophageal huatal herma 57
Oesophageal perforatron 8
Foreign body 3
Pepuc oesophagitis 34
Corrosion 28
Cardiospasm 24
Qesophageal vances 2
Observation £

phigus to the bronchial tree 1 patients with
oesophageal stncture Among the 77 patients
with pt 1 mal y opy re-
vealed tumour tissue m 32, while 1n 45 cases
1t showed only stenosts, but the mucosa was
mtact, due to submucous growth of the tu-
mour
In the course of the oesophagoscopies biop-
sies were obtamned 1n 124 cases (Table I)
Ouly 3 spectmens were unsuited With the
flexible tnstrument twice as mapy patents
were biopsied as with the conventional endo
scope Malignancy was diagnosed in 54 cases,
~bemgn conditions 1 67
Table H1 presents the findings tn the 77
patients with malgnant lesions 429 had
vistble tumour tissue at endoscopy In 10 no
biopsy was taken
Repeated biopsies or subseguent operation
disclosed 1n 15 cases that a bemign biopsy
report had to be revised This 1s 22¢% ranging
from 11 9% for tiopsies removed with the
flexible endascope to 40¢% for thase removed
with the convenuomal nstrument  This
difference ts statistically significant (x*=5 57
re 005<p<00D) In two cases operation
faled to disclose malignancy dingnosed on the
basss of the biopsy (1€ 1 6% Nise positives)
The flevble and the conventional mstrument
contnbuted by one false positive exch
Suty-two of all the patients h1d ocsophago-
<copy without preceding X\ ray examinition
These were paﬂl) emergency cases with cor
roston after the mntake of acid or alhaly putly

Acta Orlarnecd £

cen X-rayed, 84 (202) showed agreement
between the X ray and endoscopuc findines

A positive X riy finding was confirmed 1n
180 cases by endoscapy, while 1n 23 cases
the endoscopy was negatine Despite negative
X-ray appearances, 15 patients (677) showed
signs of oesophageal disease at endoscopy
In 3 of these cases the lestons were malignang
the other were shight peptic stenosts and in
compelence of the cardit

In 88 patents (307%) the rdiologeal findines
or the history indicated co-existent gntn
or duodenal diserse

No perforations occurred in the course of
the 667 ocsophagascopies, but one n connee-
tion withbouginge following ocsophigoscopy

DISCUSSION

An cver increasing number of oesophapo-
scopies are betng performed with the fleuble
nstrument, partly because the exammation
can then be done under focal anesthesiz
without major discomfort to the patient, part
Iy because the nisk of perforation 1s fur {ess
with this instrument than with the nad oeso-
vhagoscope  After the advent of apphecable
foreign body forceps and the posstbihty of
performung bougie therapy by the fleuble 1n
strument the need for the conventioml oese-
phagoscope 1s being restncted In ¢ases of
severe bleeding from the oesophagus and re
tention of food 1 pruents with sthctufes

Table 11 Distrbution of bopsies wken with
rigid and fleuble oesophagoscape

Comven

tronat Mex Me
otopeal cqup- oqp
foooe o
Mat grant 1 I -
Bemen n “ )
Speamen ymuntaNe 1
No of hopues 3 b v




Table 11 77 patients with malignant oeso-
phageal disease
No biopsy in 10 panents

Progress in oesophagoscopy

other matenals For instance, Belsito &
Dichinson (1972) found disagreement between
the X-ray appearances and endoscopy in more
than one third of their cases The discrepancy
was due mainfy to the numerous cases having
15 but also to hiatus herma and

15

oesophageal variies

It applies to the conventional as well as o
the flexible instrument that the myonty of
b are apy for tustol 1 evalua
tion, 1e sufficenthv large and not traumn

No
Tumour tumour
seen seen Total h
32 45 T
Fleuble scope (42)
Mahgnant diagn 18 19 k1
Bemgn diagn 2 3 sS(11 9
R gid scope (25)
Malignant dagn 8 7 15
Benugn diagn H 10(30°%) uzed

most doctors prefer the suff oesophagoscope,
and the passing of a pertubation tube by the
method of Souttar also requires a special,
ngd endoscope
Only a few of the present patients had hia
tus herma, and a more detaled analysis 1s
not passible Only some of them were exam
ned by a flexible endoscope, and only by the
shart type which does not permut retroflexion
with examination of the cardia from the gastric
aspect As a rule, biopsies of the mucosa were
not taken, unless there was a suspicion of
Wmour Therefore, the recording of oceso-
Phagius must be regarded with reserve Histo-
logical examination of oesophageal mucosa
often shows nflammatory changes m the
submucosa, even when the mucosa appears
to be normal on endoscopy (Kobayash &
Kasuga 1974)
lo(;}l:aw et al (1967) have called attention
“cme valte of routine bronchoscopy on pa
d'sc's with oesophageal disease, 1n order to
- 0se 1nvasion of oesophageal carcinoma
0 the trachea and bronchi 17% of the car-
Cinomas \nfiltrated the trachea and bronchi
‘(‘::g;:‘i from 30% of the cervical to 6% of
csnemn Scaled tumours This does not differ
. ally from the present 109 The ma-
1oty of these tumours were situated 1 the

In 22¢% of the mtenant cases the firs
biopsy report was beiien These false nega
tives could be traced m most cases to exam
inations performed with the conventionil 1n
strument With the iiter 407 recened a
benign diagnosis as compared with 127 ex
ammed by the flexible instrument This sig
mficant difference 1s naturally explained by
the great accuracy with which biopstes can
be taken when using the flexible instrument
However—considering the size of the biop-
stes~—1t 15 stnilung that this great difference
between the two methods applies to the group
of patients n whom the umour ussue was
not directly visible In these cases better re
sults would have been expected with the
larger biopst ble by the ¢ 1
mstrument  but perhaps the result may be
taken to mdicate that the biopstes taken with
the flexible scope are sufficiently deep de
spite the small size of the forceps

Two false posiive diagnoses were re
corded In one of these cases the pathologists
mantain that the biopsy shows malignancy,
but senal sectioning of the resected cardial
area did not disclose further tumour tissue
Accordingly, the false posiive should per
haps sooner be recorded as *early cancer

In retrospect, 88 patients (307) ought to
have had gastroscopy 1 connection with the
oesophagoscopy These are patients with

) 11 1 ducdenal
24

car’lc‘ill‘a and lower third of the h

an ¢ lacking agreement between the X ray

s ll'lendoscoplc findings 1 about one fifth
e patients s an expenence alsc

or
gastnic ulcer, pattents with corrosions (4 of
28 patients with oesophageal corrosion also
c ¢ corroston), patients with hyper-
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chlorhydna or achlorhydna and X ray nega
uve patsents with gastro-duodenal sy mptoms
When also considening that hiatal hermia ang
cardial cancer require gastroscopy, to affory
a possibility of a r bl the

d for 1solated e of the
oesophagus hardly evsts any longer

Since, furthermore, the prospects of cure
for patients with oesophageal cancer are sg
dismal, regardless of the treatment given, y
would seem that the mdication of oesophago.
gastroscopy would have 1o be extended to
patients also with muld dysphagia and nega
tive X-ray findings, n the attempt to nstitute
treatment earhier 1n this category of patients
1 such cases the flexible scopes must be the
method of chawce, with the patient under
local anaesthesia (Endo et 2l , 1971, Suzuky
etal, 197)

The relatively igh cost of the mstruments,
and the necessity of possessing a suitible
selection to ensure optimal examination, bnng
up the question of centrahizing the diagnostic
equipment within a few hospital unuts
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THE UNMYELINATED NERVE FIBRES OF THE COCHLEA

A Parad

rtenand H §, dl

From the Department of Otolarvneology Rantonssp tal Zunch Swir-erland

{Received November 30 1975)

Abstract A quant tat ve analysis was made of the un
myel nated nerve supply to the cochlea 1n normal cats and
after vanous nerve les ons with d fferent survival t mes
The normal fbre d stnbut on i the intragans] on ¢ sp ral
bundle (IGSB) and the osseous sp ral lam na (OSL) vanes
charactenist cally along the cochlear turns The ua
myel nated nerve fbres are manly assoc ated with the
IGSB and ongnate partly 1n the supenor cervical gang! on
and partly 1n the bran stem They seem to have an ex

cellent capacity o regenerate

Although the unmyelinated nerve fibres great
ly outnumber the myehnated fibres in the tn
traganghonic spiral bundle (IGSB) of the cat
cochlea the precise ongin distnibution and
function of these nerves 1s not as clearly un

derstood as 1s that of the myelinated fibres

This study was carmed out (a) to quantify the
unmyelnated fibres it the cochlea at different
levels (b) to obtamm information on ther
possible ongin () to investigate the relation

ship of the unmyelnated fibres to the sym

pathetic nerve supply of the cochlea

METHOD

(@) Normal adult cat cochleas fixed in vivo and
prepared according to the block surface tech
nique described previously (Spoendlin &
Brun 1974) were studied by light and electron
microscopy The total number of myelinated
and unmyelinated fibres was counted in the
mtraganghonic spiral bundles (IGSB) present
1 each representative radial section for every
turn of the cat cochlea and 1n the osseous
spiral lamina

(ISR

(&) The degenerative progress of the nerve
fibres i the mtrarancliomc spral bundle
(IGSB) was studied following selective nerve
lestons  Supertor cervical ganghonectomy

y t y) total vestibular nerve sec
tion (vestibular nerve) section of the cochlear
nerve and infertor division of the vestibular
nerve (VIII nerve) and section of the VIII
nerve combined with superior cervical gang
honectomy (VIII+ symp) were performed
The ammals were sacnificed after survival
umes of 1-28 months and examned as stated
i {a) Using the same pornt of reference in the
upper basal turn 1n each ammal companson
between the different lestons was possible

(¢} To study the relationships of the unmye
Tinated nerve fibres to the sympathetic nenve
supply of the cochlea the false transmitters
5 hydroxydopamine (5 OH DA) and 6hy
droxydopamine (6-OH DA) were employed
Cats were pretreated with S OH DA mtra
nextaneally X220 kg aver 4R bows) ox
6-OH DA ntravenously (50 me/kg sincle dose
3 hours prior to fixation}) 6-OH DA was also
admimstered 1n a separate expenment by local
perfusion through the opened round window
(0 2mgn 0 05 ml distlled water) for S mimnutes
prior to fixation KMNO4 was used as a coch
lear fixative in normal untreated cats to study
1ts reported non specific  enhancement of
dense core vesicles in adrenergic nerve termi
nals (Densert 1974)

The cochleas were all prepared by the block
surface technique and sectioned 1n both radia

Orot
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Fig 1 Normal fibre distnbution n the ntraganglonic

spiral bundle of different cochlear turns and percentage
of unmychnated nerve fibres

and longitudinal planes The spiml ganglion

and the IGSB, the osseous spiral lamina and

habenula region and the organ of Corti were

examined electron microscoprcally 1n all -
}slances

RESULTS

{a) The IGSB 15 largest in the upper basal turn
with a maximum total number of about 1000
nerve fibres, which decreases gradually to-
wards the base and the apex of the cochlea
(Fig 1) Inall turns the unmyehnated outnum
ber the myelinated fibres by a factor ranging
from 2 1:n the basal turn to more than6 11n
the apical turn, even though the total number
of fibres 1nvolved at this level 1s less than n
the basal turn (Fig 2)

‘The nerve fibre density 1n the osseous spiral
lamina as determned by the number of fibres
per 100 p 1s largest in the lower basal tum
The aumber of unmyehnated fibres, however,
does not vary very much along the cochlea,
except for a shght increase at the apex, but

their percentage of the total number of all
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nerve fibres 1s smallest tn the cochlear md-
portion and largest at the apex (Fig 3)

(b} In degencration studies after varous
selective nerve lesions the following results
were found in the IGSB (Fig 4)

(1) A 509 reduction of the unmyehnated
fibres occurs after exturpation of the superior
cervical ganglon, whereas the myelinated
fibres remain 1n normal numbers

() A similar reduction of the unmyelnated
and an almost complete disappearance of the
myelmated fibres after sectioning of the
vestibular nerve The same results are ob-
tained of the lesion includes the cochlear nerve
(Fig 2

(1) The greatest loss with almost complete
disappearance of all myehnated and unmye-
Inated fibres occurs after a combined leston of
the supenior cervical ganghon and the VIII
nene (Fig 2)

(c} Pretreatment with false transmitter
agents showed a consistent ranty of reactive
adrenergic nerve terminals in the cat Partic-
ular attention was pard to the organ of Cortr,
habenula region and tympanic Ip vessels as
well as IGSB  Tymeal adrenergic terminals
with dense core vesicles were found be
tween the myelinated fibres just proximal
to the habenular openings (Fig 5) Scattered
dense core vesicles may also be present iatra-
axonally along the course of those nerves
which are associated with adrenergic termi
nal swellings wn the tympamc hp No ac-
cumulation of dense core vesicles was found
distal to the habenula although isolated vesic
les were found mn the organ of Cortt on occa
sion even in untreated cochleas No great
accumulations were seen n the IGSB or

Fig 2 (A) Cross sectioned IGSB 1 a pormal cat with
mychnated (MF) and a great number of unmyehnated
fibres (UF) of varying size (B} IGSB 8 months after sec
uon of the VIIT nerve in the inner acoustic meatus Very
few myelinated (MF) but a considérable number of un
mychnated fibres (UF) are found (C) IGSB 6 weeks after
combined VI nerve secuon and supenor cervical
ganglionectomy Mainly Schwann cells (5) and some
phagocytes (P) are present but practcally all myelinated
and unmyelinated fibres have disappeared
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Fie 7 Nerve fibre densies in the distal part of the
asseous spiral lamina and percentage of unmyelmated
nerve fibres

around the tympamic hp vessel even though
these structures were sectioned longitudinally
to permit more adequnte examination of longer
distances than 1s possible by radid sectiomng
afone

' KMNO4 performed poorly as a fixative and
did not mcrense the number of adrenergic
termunals that could be showa by the more
specific agent

ke

DISCUSSION

(@} Since the fibres of the olivo cochleir
bundle enter the spiral ganglion at the level of
the upper basal turn and expand from there as
the IGSB 1t 1s not too surprising to find the
maximum number of myelimated and unmye
Iinated fibres mn the IGSB of the upper basal
wrn gradually decreasing in both basalward
and apealward direction At all points the un
my comp ds that of the
myelmated efferent nerve fibres Although the
total number decrenses the percentage of
unmyelinated fibres mncreases considerably
towards the apex of the cochlea which

linated
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cotld—but  does not necessanly—mean
that some of the myelinated fibres Jose ther
myehin sheaths along their way through the
IGSB (Maw, 1974) The great magorsty of the
unmyelinated fibres how ever enter the cochlea
as such coming as unmyelinated fibres from
the bramnstem with the vestibular nerve and
through the antstomosts of Oort, where they
can be demonstrated (Spoendin 1972) Their
possible ongn might be the reticular forma
tion  as already indicated by Rossi & Corte
stna (1963)

The two types of nerve fibres are not only
distingwished by their sheathis but also by their
relation to the Schwann cells and their average
calibre  All myelinated nerve fibres are ind:
vidually surrounded by a single Schwann cell
They show a vanation in size (inside diameter)
by a factor of § ringing from 06 pto 26
The thickness of the myelin sheath vanes
from 015 # to 06 pu The unmyehnated
fibres, by contrist exhibit a greater degree of
pleomorphism both in size and intra axional
content The diameter ranges from 016 p
(small) to 16 u {large)—a factor of 10 the
myority of fibres being of the small or medium
vanety A single Schwann cell envelopes
several different fibres symultaneously

It has been postulated (Maw 1974) that

Surv v ng nerve ¥ bres o 1658
latter se oot ve perve sect on)

rors nwm &
[ wnmye noter
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pormat cympath vesidu EUne ve BT gm0
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Fig 4 Relatve reduction of myelinated and unmyet nm;(\
nerve fibres in the IGSB after various nerve Jes ons vl
short and fong survival t mes



Fig 5 Adrenergic termual swelling (1) and nerve fibre (/)
between cochlear neurons prior to habenula with

some of the unmyelinated fibres terminate in
the IGSB by synapsing with adjacent fibres
However, n our materal in longitudinal sec-
tions through the IGSB where the fibres could
be followed over large distances, no evidence
for such synapses was found It seems that the
unmyelmated fibres, lke therr myelmated
counterparts, merely travel through the IGSB
toward their eventual destination, without any
nteraction between them along the way

In the normal osseous spiral lamina, a short
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numerous dense core vesicles after pretreatment with
50H DA

total number of nerve fibres 1s once again
the basal turn The unmyehnated fibres,
although m the mmnonty throughout all turns,
show an increase m therr actual number in the
apical turn, compared with the lower turns
This 15 1n contrast to the situation in the IGSB,
where the total number of unmyehnated fibres
1s considerably reduced at the two extremes of
the cochlea The increase in unmyehnated
fibres tn the osseous spiral lamina of the apex
may be partially explained by the fact that the

distance prior to the habenula, the relat
shups of the number and ratio of nerve fibres
are the reverse of that in the IGSB The mye-
linated fibres are 1n the great majonty at this
level, almost all of them being afferent n
nature (Quantitative studies done after ves-
tibular nerve sectioning show no statistically
gmfi red 1 the ! number
of myelinated nerve fibres when compared
with the normal osseous spiral lamina at the
same level (Spoendlin, 1970) } The maximum

nerve fibres which normally lose
therr myehn sheath just prior to passing
through the habenula may lose their sheaths a
Iittle sooner in the aprcal turn. Since the
majority of the unmyelinated fibres are of
much smaller calibre than the axons of the
myelinated fibres, 1t 1s however more Iikely
that they represent real unmyehinated fibres,
which for some so far unknown reason are
concentrated at the cochlear apex as *
observed by Palumbi (1950
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(b) The loss of nerve fibres in the IGSB fol
lowing selective nerve lesions shows very
distinctive patterns Since the organ of Corti
degenertes and disappears very rapidly fol
lowing imparment of the cochlear blood
supply the presence of the entire normnl
orgtn of Corti—excepting the meural com
ponent—is tahen as 1 relrmble sign that the
blood supply w 1s not imparred during surgical
nerve lesions 1n the nner acoustic meatus
Degeneration of the organ of Corti brings the
susprcion thit the blood supply was imp ured
by the surgica! procedure which would lead
1o nerve degenemuions unretated to the lesion
and to erroneous findings  The occastonal ami
mal with a damaged organ of Corts was there
fore excluded from the study

Spoendlin & Lichtensteiger (1966 1967)
established that the sympathetic nerve supply
to the earis denved from two separate sources
The blood vessel independent system (the
larger denser and more pertinent to this
study) anses from the ipsiliteral supenor
cenvical ganghon and enters the wner ear by
a retrograde way through the muddle ear
terminating at the hp of the osseous spiral
lamina The relatvely less dense smaller
component of blood vessel dependent fibres
anses from the 1ps1 and contralateral stellate
ganglion 1s directly associated with the blood
supply and terminates at the level of the me
dium stze vessels i the modiolus

A Paradiesgarten and H Spoendiin

slow s compared to the very rapid degencra
tion of somatic nerve fibres and appears to
reach a mramum at 4-6 weeks

Sectioning the entire vestibular nerve or a
combination of the infertor division of the
vestibular nerve and the cochlear nerve gave
simular results in the IGSB Naturally the ad
dition of the cochlear nerve lesion caused de
generatton of the spiral ganghon cell but had
no effect on the IGSB itself which shows that
the cochlear nerve does not contnbute to the
IGSB either with unmyelimated or with mye
linated nerve fibres This 1s consistent with
Spoendhin s {1972) earher findings that there
1s a virtual absence of unmyelinated nerve {i
bres in the inner acoustic meatal porton of the
cochlear nerve and that unmyelnated fibres
occur 1n large numbers in the internal aud:
tory meatal portion of the vestibular nerve the
anastomosis of Oort and in the facial nerve
With such nerve lesions a maximum of 2/3 of
unmyehnited and 4/5 of myelnated fibres dts
appeared after a brief survival of one month
With longer survivals there was a considerable
increase ngain n both types of fibre 1n keep
ing with the postulite of fibre regeneration
The myelmated and unmyelnated fibres al
most double in number within a few months
after they have reached a minimum at about
one month following nerve section (Fig 4)

Combining the lesions of the VIII nerve
and the supertor cervical ganghon led to an

ddive effect for the unmyehnated fibres

Tive superor cecvical ¥ WIS
found to cause a sigmficant reduction m the
number of unmyelinated fibres m the IGSB
with up to 507 of these fibres being affected
The myelmated fibres were unaffected by
sympathectomy When the survival time fol
lowing sympathectomy was prolonged the
number of unmyelnated fibres surviving
seemed to increase agun shghtly This s
thought to be due to partial regeneration of
some of the fibres which ongnate from re
matning ganghion cells at lower levels 1n the
cervical sympathetic chain not removed by the
superior cervical ganghonectomy Wallenian
degeneration of autonomuc fibres 15 relatively
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Maxmum loss of these fibres occurred after
such bined lesions and ted by far
that which occurred after any single leston
alone wheres the reduction 1n myehnated
fibres was comparable to the results after Vil
nerve sections alone 1t 1s therefore probable
that two different populattons of unmyetinated
fibres are involved with each single fesion and
that both of these nerve populations are
volved tn the combimation It 1s ymportant to
note however that contrary to theoretical ex
pectation 1t was never possible to cnsxrely
1 etther the my d or unmy
ed fibres Those fibres that did survive were




mostly of medium stze Thetr ongin remains
to be clanfied
The total number of unmyelnated fibres
entering the cochlea seems to be very small
compared to the myelnated fibres and most of
them enter the spiral ganglion with the fascic
les of the ohvocochlear bundle :n the upper
basal turn Tangential sections through the
spiral ganghon proximal to the level of the
IGSB showed virtual absence of the un
myelinated fibres between the uniformly sized
myelinated axons of the type I cochlear neu-
rons The few scattered unmyehinated axons
of the type II ganglion cells which Spoendlin
{1971, 1972} has shown to comprise about 5¢¢
of the total number of spiral ganghon cells
From all these findings 1t 1s concluded that
the unmyelinated fibres to the cochlea travel
by way of the IGSB after they have entered
the cochlea They partially ongmate 1n two
d hed groups of p
although these cannot be differentiated 1n the
periphery One group takes 1ts ongmn from the
wpsilateral superior cervical ganghon, 1s
dependent of the blood vessels and enters the
cochlea direct, as descnbed previously
(Spoendlin & Lichtenstesger, 1967) The other
group anses in the brainstem and 15 associated
with the vestbular nerve Whether or not the
latter 1s part of the olivocochlear bundle 1s not
immeduately apparent The result of 2 selec-
uve leston of the contralateral olivocochlear
fibres n the floor of the 4th ventricle of the
bratastem {mudline lesion) seems to mdicate
that the resultant loss of fibres tn the vest
bular nerve 1s mostly myelinated {somewhat
different findings were reported for the guinea
pig by Terayama & Yamamoto, 1971), which
would 1ndicate a predomunantly 1pstlateral
ongin for the unmyelinated component But 1t
1s not known at the present tme whether this
component 1s related to the ipsilateral olivo-
cochlear tract or oniginates in another nucleus
{c) The distnbution and termination of the
unmyehnated fibres beyond the IGSB 1s not
very clear or obvious Iuratoetal (1971) have

shown {ly that acetylchol: -
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ase (ACHE) 1s widely distibuted in the
cochlea both 1n the spiral ganghon and in the
organ of Cortt ACHE, however, i1s non-
spectfic to any one neural system and can be
found at all fevels of the nervous system, In
the adrenergic as well as in the cholinergic
system

Noradrenalin on the other hand, a speaific
neuro-transmutter, 1s found exclusnely n
post ganghonic adrenergic nerve endings and
as such 1s a much more valuable target for
study It has been shown that the false trans-
mitter substances 5§ OH-DA and 6-OH-DA can
be used to charactenze the adrenergic post
gangltonic nenve terminals at an ultrastructu-
ral level (Tranzer & Thoenen, 1967, Tranzer
& Richards, 1971, Densert, 1974) 5 OH DA
(ip or 1v) leads to a selective accumulation of
the metabolite 1n the adrenergic endings ap-
parent in dense core vesicles 6-OH DA (v or
by local perfuston) leads to a selective destnre-
uon of the adrener;ic endings, although this
occurs only 1f allowed o act for a critical
penod of time prior to which st accumulates at
first 1n the terminals in a way simlar to 5-
OH DA

Where, after pretreatment with one of these
agents, the nerve termmal 1s still capable of
permiting clear classification 1t s generally

d that a homog )t of

many small empty vesicles 1s indicative of a
cholinergic termmal Dense core vesicles,
varying in size but mamly small and only occa
sionally large, combined with interposed small
empty vesicles 1s indicative and charactenstic
of adrenergic terminals Dense core vesicles
may also be found within adrenergic axons

The fact that only very few adrenergic ter-
nunals were 1dentified in the habenular region
of the cat—in contrast to other animals—may
mdicate that either the cat has fewer adrener-
e fibres as compared with the mbbit (Den-
sert, 1974) or that fewer of these adrenergic
endings are m the active state at any one
ume Only 1solated dense core vesicles were
found in the organ of Corti and no accumula-
tions of adrenergic vesicles were seen 1
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IGSB, which 1s 1n heepg with the findings of
Spoendin & Lichtensterger {1966)

All this sull teaves a great number of un
myehinated fibres uniccounted for as regards
distnbution. termunation and probable func-
tion It may be thit more of these fibres
{which may correspond to those that are asso-
clated with the vestbular nerve) may belong
10 a cholinergic efferent cochlear innervation
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SELECTIVE HABITUATION OF VESTIBULAR NYSTAGMUS BY
VISUAL STIMULATION IN THE MONKEY

L R Young'andV S Henn?

From the “Man-Vehicle Laboratory the

of A
Massachusetis Institute of Ttthnvlum Cambndge Mass USA
.

and A

Zunch Swir erland

and the Dep of M

{Recewved Apnl 21 1975}

Abstract Four monkeys were exposed to a senes of unt
directional rotabing visual fields of the type known to
produce circulan ection inman  Asin the human case the
vestibulo-ocular reflex for rotation 1n the direction of the
optokinetic nystagmus and circularvection dunng the
preceding visual stimulation—was markedly decreased
followmg that wisual stmulation whereas that i the
opposite direction was increased This finding cor

combinations of visual and vestibular simula
tion (Henn et al, 1974) The stmlanty be-
tween the consistent occurrence of changes
of vestibular nucleus umt finng rate m the
monkey and circular vection in the human
when 1dentsical stimub were applied suggested

responds to the results of nyst. and
cal circularvection expeniments on man It suggests a hnk
between single umt studies performed under identical
conditions in monkey and psychophysical mvesgations

Exposure of humans to a large field with many
high contrast borders moving at a umform
angular veloaity induces a sensation of self
motion (circularvection or linearvection) re

sembling that assoctated with true body mo—
tion Human vestibul

by passive body romnon n rhe dark’ 1s sefec

tively dimimished 1wn the direction of circular-
vection following repeated exposure to unt

directional visual field rotation mducing um

directional cireularvection velocity sensations
(Young & Henn 1974) To investigate the
underlying neurophysiological basis of the
nteraction of visual and vestbular stmub n
the genertion of nystagmus recordings were
made from single units in the brawn stem of
awake unanesthetized monkeys usmg stmlar

This research was supported by NASA Grant \GR 22
009 "01 NSG 203° and by the Roche Research Founda
tion

the involvement of the v nucleus n
the integration of visual and vestibular motion
cues both for sensation and nystagmus It
remamed however, to demonstrate that the
response to moving visual fields in the monkey
showed a behavioral simianty to that in
humans We tested the hypothesis that mon

keys, just as humans, would expenience a um

directional dechine n the vestibulo-ocular
reflex followmng repeated exposure to motions
of moving stripes which would induce circular-
vection 1n humans

METHODS
Four awake unanesthetized monkeys were
tested in the current study The first 3 were
Juvemle Rhesus monkeys (Macaca mulata)
The fourth (monkey number 5) was an African
green monhey (Cercopithecus aethiops) Im-
planted bolts i a shull holder held the head
ngidly 1n a position pitched 25° forward, plac-
ing the honizontal semucircular canals rouchly
1n the honizontal plane Details of the method
are given 1n Henn et al (1974) Ammals were

Acta Orolonngel”
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Fig 1 Test protocol and average pre and post ORN
vestibular nystagmus responses Al velogities in deg/sec
(A) Table angular velocity showing first complete cycle
of 60 deglsec velocity changes Imihal direction of tests
randomized (B) Sketch of vestibular nystagmus slow
phase veloaity for pre testin dark showng average peak
velocities and standard error of means for 4 monkeys
Note mitial directional preponderance for right accelera
tion (C) Sketch of two of thirty repetitions of left moving
rotating stnpe waveforms (D) Sketch of typical (nght
beating) optokinetic nystagmus slow phase velocity as
sociated with each moving stnipe suimulus (E) Post visual
sumulus vesubular nystagmus as :n B showing decrease
in vestibular nystagmus sfow phase velocity for accelera
ton rght (ystagmus in the direcuon of the OKN} and 10
c‘rcase for acceleration feft

/
Ve

not selected for vesttbular response sym-

complete cycles of sudden 60°/sec changes of
angular velocity for pre- and post test OKN
vestibulo.ocular testing  Constant velocity
(30°/sec) penods were nominally 25 sec
The first complete cycle of 60° per second
velocity steps to the right and left was used 1n
data amalysis In addition to mummize order
effects, the averages of all night and of all feft
steps were used The peak angular velocity of
slow phase nystagmus, wsually occurnng
within the first 1 second following the change
n velocsty of the table, was measured from
the didferentiated eye movement recording
The eye movement record and differentiator
were calibrated from optokinetic nystagmus
angular velocity records taken dunng Jong
duration low velocity monhey rotation in the
Lght before and after the man expeniment
The vestibulo-ocular gamns (defined as the
ratio of the peak slow phase velocity to the
change 1n table angular velocity) were cal-
culated from the pre- and post test stimult in
the direction of the ntervening optohinetic
nystagmus and gpposite to it, and the relanve
change 1 gans taken as the data for further
analysis The effect of any spontaneous
nystagmus was not fahen info account u cal
culation of the vestibuloe acular gain

The wvisual stimulation was similar to that
used for human expeniments Vertical stnpes
were projected onto a cyhindrical screen by 2
Tonmes moving shadow optohinetic pattern

metry Alertness was d by
of a light dose (roughly 0 1 mg/kg houriy) of
amphetamme Honzontal eye movements
were recorded using chromcally implanted
d ¢ electrodes An analog differentiator with
20 ms hime constant was used for calculanon
of slow phase velocity of nystagmus
The vestibulo ocular reflex was tested in the

dark before and after exposure to 36 unidirec-
tional optokimnetic stmuli The test protocol
and major results are shown m Fig 1 The
monkeys were mounted on a servo controlled
uratable kept covered with a hight proof en

closure for vestibular testing The table was
drwven about the vertical axis, usually for three

Acta Otolaryngol 82

g The screen was 2 m high and
located 72 cm from the monkey, and covered
180° of the visual field Twelve light stripes,
each 7 5°, were projected on the screen

Angular veloaity was controled by a vanable
speed motor The stimulus was 30 repetitions
of a umidirectional stripe pattern which, 10 hu

mans at least, mduced a feehng of ccular

vection which budt vp to a constant angulas
velocity and then decayed The stnipe velocity
was increased for a perod of 5 to 10 sec from
0 to 30°sec and then, after approximalely
30 sec of constant angular velocity, reduced
back to 0%/sec over a penod of approximately
5sec Contrast of the display was adjusted un
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Fig 2 Development of OKN dunng one of
thirty consecutive sumub Top trace eye

veloaity muddle trace  honzontal eye
positron  bottom trace  OKN  stimulus
counter—each pulse indicates passage of
field 15deg Monkey S stnpes moving left

ti the antmals showed vigorous

d

nystagmus (In the human expenments re
ported optokinetic nystagmus was inhibited
by the use of a fixation point ) Ten to ffleen

1n the PP to the
previous OKN generally developed and lasted
for penods from several minutes to greater

than half an hour

seconds
stimuli

F ve op

RESULTS
Each of the 4 monkeys produced optokinetic
nystagmus under the stmulus of the moving

stnpes The strength of the nystazmus vaned
with the contrast Maximal optokinetic

The ibul, reflex gain p:
before and after the OKN stmulus, shows a
directionally selective transfer of habituation
from visual stimulus, just as 1s observed in
man Typical vesttbular nystagmus on ac
celeration to the nght and then to the left in
the pre test prior to the “strpes left (nght
beating) OKN stumuli 1s indicated 1n Fig 3a

nystagmus was usually lated with a dim
ly hghted pattern rotating 1n a dark room High
contrast bright stripes often failed to induce
optokinetic nystagmus perhaps because the
wregulanties 10 the screen, visible to the
expenmenters served as fixatton potnts for
the monkeys Optokinetic nystagmus devel
oped slowly duning each visual stmulus tnal
and decayed t0 zero as the stnpes were slowed
toastop asshownn Fig 2 (When the hghts
were suddenly extinguished on occasion op-
tokmetic after nystagmus (OKAN) decayed
over a period of approximately 20 sec )

No evident pattern of enhancement or
fatigue of the optokinetic response dunng the
thirty tnals was observed Following the
thirty OKN trials when the ammal was placed
m the dark but oot rotated @ spontancous

F g the exposure to left moving stripes,
however, the nght beating vestibulo-ocular
reflex 1s markedly diminished i magnitude
and duration, whereas the left beating nystag
mus 13 increased over the pre test values The
order of testing of the vestibulo-oculir reflex
was not a significant factor m the results

The vestibulo-ocular reflex guns for cuch
monkey, for acceleration 1n and opposite 1
the direction of the mterveming OKN and for
both directions of ORN stimulus are tabul sted
n Table T In six of the eight cases for uc
celeration 1 the direction of the con hnminz
OK™ gam decreased following vy 1y if agmue?
ton consrdenng first rotations 4f s nd
for all tests averiged The gyean d="r~
was 18 7<% for the first rorets o
for the averages the o'y o

P
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Table 1a Vestibrlo-ocular reflex gain (peak slow phase nystagmus velocity Irotation yvelocity step) pre
and post OKN stimulation based on first tnial in each direction

Vestibulo-acular reflex gain
wn direction of ORN

Vestibulo-ocular reflex gamn

1n direction opposite OKN Dufference i 7%

decline of gun
Monkey OKN Pre Post (% de Pre Post (“tde directions with
number  direcion QKN OKN  clne) OKN OKN  clne) OKN-cpposite OKN
2 L 054 037 35 040 03 150 16.5
R 040 029 7s 040 051 =275 550
3 L 104 110 -57 099 104 -51 -06
R 079 066 165 079 06% 127 38
4 L 083 030 434 040 055 =375 809
R 0386 067 21 038 082 ~1158 1379
5 L 110 124 -127 114 133 -167 40
R 148 108 270 1035 159 -514 T84
Average Land R 187 -283 470

« Afnican green monkey
$ nfference significant p<0 05

munor ! On the other hand, for accelerations
opposite to the OKN, the vestibulo-ocular
reflex gun mcreased mn 6 of the § cases, by an
average of 28 3 % for first rotations and 18 9%
for the averages The average difference be-
tween vestibulo-ocular reflex change with and
oppostte to the direction of the mtervenng
OKN was 47 “ greater in the direction of the
OKN for first rotations and 37 99 greater
for the averages The differences were post
tive for all but one first rotation companson
m which 1t was only 0 6% negative These dif-
ferences 1n the correlated means are signifi
cant (p<0 05, 1=2 67, n=8, for the first rota
tions p<0 05, 1=2 38, n=8 for the averages)
The duration of this transfer of habituation 1s
short and easily abolished [t was not notice-
able on testing the following day

DISCUSSION

It 15 hardly surpnsing to find that a type of
visual stmulus which produces airculanvec-

! \Monkey S showed a 13% increase in first rotation
vestibulo-ocular g far acceleration followang left OKN
tnals For both OR™ directions however the duration
of post fotalion Aystagmus was shortened in the direction
of ORN and a secondary phase appeared

tron and OKN 1n man, also produces QKN m
mornkeys It s also to be expected that the ef
fect of this visual stmulus in transfermng to a
umdirectional decrease in vestibulo-ocular
reflex gain, observed in man, 1s also observed
i the monkey Many studies have been con-
ducted on the transfer of habituation (Collins,
1975, Hood & Pfaltz, 1954, Miyoshi et al
1973, Tibbling, 1970) We have previously
argued that the necessary condition for the
transfer of to y
15 the generation of a repeated and consistent
motion  sensation, rather than nystagmus
generation per se (Young & Henn, 1974, Plaltz
& Kato, 1974) The current results suggest
that the monkey 1s expenencing something
akin to circularvection dunng this wvisua!
sumulation, and that neural pathways from the
visual system ta areas responsible for motion
sensation and for the generation of vestbular
nystagmus would be affected Our observa
tions on the effect of moving visua! fields on
vestibular nucleus units in the monkey (Henn
et al  1974) together with those of Dichgans
et al (1973) in the goldfish are entirely con
sistent with this view

Recent neurophysiofogical work on visual
and vesubular mfluences 1n the generation of <

Acta Oy
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TREATMENT POLICY FOR MAXILLARY SINUS CARCINOMA

S Sakai,' H Fuchihata®and Y Hamasaki?

From the ‘Departments of Otolary ngoloes and *Radiology
Osaka Unnersity $edical Schaol Osaka Japan

(Recerved November 27 1975)

Abstract Some 908 cases of malignant tumors of the nose
and paramasal sinuses treated from 1957 through 1974
were statistically analysed The most common tumor site
was the mavillary sinus (91 447} and the most common
histological figure was carcinoma (92 47)

The crude and relatve survival rates for each treat
ment mode were calcvlated n January 1975 The number
of cases and the 5 year relative survival rates of the mam
groups were as follows

1 Primary cases of malignant tumors
(761 cases) Ao
A Carcinoma {709 cases)
B Sarcoma (45 cases)

I Pnmary cases of mautlary sius carcinoma

(561 cases) 261%
A Period 1957-66 (282 cases) 28%
1 Combination of irradiatson and surgery
{124 cases) 369
2 Irradiation alone (168 cases) 127%
) B Peniod 1967-69 (130 cases) 315%
1 lirradtation with 5 FU intra antenial
infusion (25 cases) 361%
2 frradiation with intra artenal infusion
of other radiosensitizers (33 cases) 3577
3 Irradiauon only without nfuston
145 cases) 381%
Periad 1970-71 Linac X ray wreadiation
(61 cases) 9%
D Peniod 1972-73 Irradianon with § FUin
fusion (80 cases) 3 year relanve sur
393%

vival rate
The stage grouping of maxillary sinus carcinoma based on
the classification of tumor spread in the TNM system was
recommended for the comparison of survival rates The
best mode of treatment in our expenience Is the combina

tion of Co-60 y-ray wradiation and continuous ntra
- PP I

Maxiliary cancer ts found more frequently in
Japan than anywhere cise i the world The

wncidence of maligant tumors of the nose and

Acta Orolanngol 82

paranasal sippses 1s almost the same as that of
laryngeal cancer in this country Maxillary
cancer 1s one of the most difficult tumors to
treat m the field of otolaryngology Although
we have observed a gradual improvement of
therapettic results for this cancer m recent
years thanks to new developments m radration
therapy and local chemotherapy, the long
term result i our large series falls far short of
our expectations Careful planmng of can
domized studyes and statistical companison of
long term results are indispensable in the
search for the best trentment method for this
cancer

908 cases of malignant tumor of the nose and
paranasal sinuses treated in the period 1957-74
were statistically analysed The primary sites
and the histological diagnoses of the tumors
are shown i Table I The most common site
was the maxiliary sinus (91 49) and the most

G s 20 25 30 39 40 43 50 59 60 &9 0 a

Fig 1 Age distnbution of patients with m<lignant tmors
of the nose and paranasal sinuses



Treatment policy for maxillury sinus carcinoma {73
Table I Prumary sites and Justol: 1 di of malignant tumor of the nose and para-
nasal sinieses (1957-74)
Mawul Ethmo Front Sphen Nasal
stnus cells sinus sinus cavity  Other Total
Carcinoma (total) 792 29 8 0 n 0 840 928
Squamous cell ca 549 13 2 0 4 0 S6R 626
Adenocarcinoma 24 3 0 0 1 [ @’ 0
Adenoid cystic ca 10 2 0 [ 1 [ 13 04
Mucoepidermond ca s 1 1 0 ! o R 009
Anaplastic ca 30 6 ! 0 2 0 39 04
Transit cell ca 6 1 Q 0 1 o B 09
Carcinoma NOS 168 3 4 0 ! 0 176 194
Malignant melanoma 1 1 0 0 9 0 mnooo2
Sarcoma (total) 37 3 o 1 9 5 55 061
Fibrosarcoma 7 o [ 0 1 0 80
Liposarcoma 2 0 0 0 0 1 3 o
Rhabdomyosarcoma 8 [ 0 0 0 | 9 01
Osteosarcoma 2 0 o [ o 1 3 o3
Chondrasarcoma 3 1 o 0 [} o 4 o4
Ewing s tumor o 0 0 0 [ 1 1 001
Reticulum cell sa 1 2 0 1 8 0 2 oM
Plasmacytoma 1 0 [ [ 0 [ 1o
Sarcoma NOS 3 0 0 0 0 1 4 oM
Offact neuroblast [ 0 0 0 2 0 2 o
Total 830 kx) 8 1 31 5 908
914 036 009 001 034 006 1000
d wis C: (925%) StagelV T1-4 N2-3 M0

The male/female ratio was 3 2 The age distn
bution of the patients with carcinoma and sar
coma 1s shown in Fig 1 Carcinoma was most
prevalent 1n the fifties and sixties, while the
sarcoma affected younger age groups

The crude survival rates of all pnmary cases
(the cases with no previous treatment) and the
secondary cases (previously treated cases
minus those apparently healed at the time of
the first examnation) are shownn Fig 2 The
S year relative survival rate for the primary
cases of malignant tumor of the nose and para
nasal sinuses was 21 3¢

The TNM classification of maxillary cancer
has not been agreed upon by UICC The au-
thor proposed a TNV classification in 1967
and 1971 (Sakai 1967, 1971} The followtng
stagegrouping appeared to be a reasonable one
from the prognostic view pomnt

Stage I TI-2N0 MO
Stage Il T3 NO MO
Stage HI T4 NO MO

TI=4 N1 MO
12 76295

T1-4 NO-3 M1

Table 111 shows the 3-year crude survival
rates according the age, sex and author’s NTM
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Fig 2 Relative survival rates for & fTerent treatment
rolicres (1957-71
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Table Il Crude survival rates of mahgnant tumor of the nose and paranasal sinuses (statistics

as of January 1975}

1year 2years 3 years 4 years 5 years
Primary cases* 4437761 2517723 179/667 1487623 121/569
583 W7 268 233 213
Carcinoma 415/709 233/675 167623 136/584 114/533
S 347 268 23 214
Sarcoma 25145 1441 10/38 8133 631
5% 34 263 235 194
Malignant melanoma 2/6 26 s [VZ3 [V23
Olfactory neuroblast m " 7! t it
Secondary cases® minus apparently 20/69 11/64 9 5is4 4451
healed cases at the time 290 2 1ne [12X) 078

of the first exammation

* Previously untreated cases
* Previously treated cases

classification and stagmg The 3-year crude
survival rates for Stages [, I1, III, IV were es-
timated at approximately 45, 25, 15 and 0%,
respectively The survival rate became poor
with age but did not differ sigmficantly be-
tween the sexes It 1s apparent from Table III
that two important prognostic factors—the age
of the patient and the stage of disease—should
be taken into careful consideration when plan-
ning the chinical study and also in the statistical
analysis of data obtained
Our cniterta of treatment effect are as fol
lows
A The critera of chinical effect
Degree 1 Tumor unchanged or enlarged
Degree 2 Tumor regressed
Degree 3 Tumor disappeared but covered
with necrotic tissue  Residual tumor
suspected
Degree 4 Tumor disappeared and covered
with thick white coat
Degree 5 Tumor disappeared and epithel
ahzation seen

A tumor was considered to have disap
peared chnically (chmical tumor clearance
rate) 1n Degrees 4 and 5

B The crtera of microscopic effect
Degree | No effect of treatment

Acta Ot hinng 187

Degree 2 Many tumor cells seen

Degree 3 A few tumor cells seen

Degree 4 Only degenerated tumor cells
seen

Degree 5 No tumor cells seen

A tumor was considered to have disap
Table Il Three year crude surynal rates ac-

cording to sex, age and clcal stage at the
nme of the first examination

Sex
Male 87/301 289
Female 531190 9
Age
0-39 18/53 310
4049 34789 382
5059 501159 314
069 290138 210
70- 952 m
TNM Classification
TI NoO MO 34s 600
T2 NO MO Sa/124 435
T3 N0 MO 70/257 72
T4 NO MO 8/55 145
T2 NI MO us 200
T NI MO kI 143
T4+ NI MO 1714 071
T4 N2 MO o7 000
Ti-4 N3 MO 02 000
T4 N0-3 Ml o/t 000
Stage groupn;
e 57129 :;%
Stage [ 70/257 272
Stage II1 13/95 137
Stage IV 0/10 000
Towl 1407491 285




Treatment policy for maxillary stnus carcinoma

5 s

Fig 3 Relauve survival rates accord ng to treatments and
<l n cal stages (1957~66) Pat ents of more than 70 years of
age are exclyded

peared mucroscopically (microscopic fumor
clearance rate) 1n Degrees 4 and 5

C Local non recurrence rate

Tated
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Fig 4 Relat ve survival rates accord ng to different treat
ment modes (1967-69)

The history of our expenence 1n the treat
ment of maxillary cancer can be divided into
four chronological pertods the penods of pre
operatve nradtation (1957-66) intraartenal

Local non recurrence rate was
at such set intervals as every half year
Those pattents who expired dunng a cer
tain period due to metastasis or other
causes with no evidence of local recur
rence were excluded from the calculation
of the Jocal non recurrence rate dunng that
penod

D Survival rate

The crude survival rate was computed ac
cording to the TNM General Rules of
TUCC (1974) The cumulative survival rate
was computed by actuanal method (Cut
ler 1958 Schultz 1969 UICC 1974) The
relative survival rate 1s formulated as
(Ederer 1961)

Relative survival rate

_ Cumulative survival rate
~ "Expected survival rate

mfusion of rad (1967-69) Lmnac
X ray wradiation (1970-71) and 5 FU intra
artenal infusion (1972-73) Randomized stud
tes have been carried out since 1967 The
crude survival rate for each period 1s shownin
Table IV and the relative survival rate n
Fig 2 The treatment policy of each pertod will
be detatled m the following

From the outset we have chosen radio-
therapy as the pnimary mode of treatment We
gave 4-5000 rad over 4-5 weeks with 200 kVp
X ray or 6-7000 rad over 6-7 weeks with
Co-60 y ray from 1957 through 1966 A maxil
lectomy was done whenever indicated 6-8
weeks after the completion of radiotherapy
The S year relauve survival rate for 282 cases
treated dunng this period was 22 8¢z

Those 282 cases consisted of a group of 114
cases which received a combined radiotherapy
and surgery and of another group of 168 cases
which received radiotherapy only The § year
relative survival rates for these two groups

Actav
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Table V. Crude sunnal rates for macxillary sinus carcinoma according to different treatment

pohcies (stansties as of January 1975)

1year 2 years 3years 4 years S years
1957-66 penod of 162/282 99/282 731282 62/282 52/282
preoperative irrad 585 351 259 220 184
1967-69 penod of 911130 56130 49/130 44/130 39/130
varousdrugseai 700 431 m 338 300
1970-71, penod of 34/61 15/61 12/61 9761 4130
Linac X ray irvad * 551 26 197 148 133
1972-73 penod of 61/80 40177 12/34
5FUrar* 763 519 353
Total 354561 198535 140491 1131463 92/419
636 37 285 244 220

¢ 1a1 ntra artenal infusion
* Staustics as of July 1975

were 36 9 and 12 7%, respectively As shown
1 Fig 3, the relative survival rate was higher
in the former than in the latter 1n both Stages I
and II It 1s obvious from these data that ir-
radiation alone 1s not an adequate treatment,
particularly for advanced cases

Control studies were performed from 1967
through 1969 using dufferent kinds of radio-
sensitizers (5-FU, Cyclohexanol succinate,
Ametohepazone, and Bleomycin) (Shigematsu,
1971) The fifth group, which received radio-
therapy alone, served as the control group An
A , was performed at the beginning of

therapy to facilitate d and cont

ous observation of the sinus cavity A maxil-
lectomy was performed in recurrent cases
only The daifference m the 3-year survival
rate between the 5-FU group and other groups

v .

was statistically significant at the level of 1%,
1e the 3-year relative survival rates for 5§ FU
group, other radiosensitizer groups and radio-
therapy group were 56, 40 and 38%, respec-
tively However, because of intercurrent dis-
eases, their S-year relative survival rates ap-
proached one another closely The relative
survival rages for these three groups are shown
m Fig 4 The 2 year local non recurrence
rates for the above three groups were 40, 22,
and 14 % respectively As shown in Table V,
the 2-year [ocal control rate for the 5 FU group
was significantly better than those for other
groups

The combination of radiotherapy and hyper-
baric oxygen therapy was tried from 1970
10 1971 However, no dfiference was noAed m
the survival rates between the group treated

Table V' Local control rates according to different primary therapies

No Clearance rate Non recurrence rate
of
cases  clnucal microse 0S5y iy 15y 2y
196769
SFUta12w Courad 25 760 792 600 480 458 401
1a1 of other drugs w Co trrad 35 600 543 37 242 0% 219
Cowrad atone wior1a 45 489 429 289 163 140 140
1972-73 "
§FU1a1 Corad 5000 rad 23 565 783 739 545 476 4
§FUra1 Courrad 3500 rad gg gz")! ;‘3)3 %g g;% gg Zgg
1 2
$FUsar Courad w Suerves 24 625 708 609 435 391 348

5 FU1a1 Courad wfocumettage

s a1 intra artenal mfuston

o Ol mool 82
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3 yeur

Fig 5 Crude survival rates {1967-69) The area between
the two lines indicates the salvage effect of maxillectomy

under x3 atmosphenc pressure and the con-
trol group treated under normal atmosphernc
pressure The survival rate m 61 cases treated
dunng this period was also worse than expect
ed, as shown in Table IV and Fig 2
Since 1972 we have again used S-FU intra-
arterial mfuston combined with irradiation
5000 rad was given 1n 10 fractions over 5
weeks in one group and 3 500 rad 1n 7 fractions
over 3 5 weeks 1n another group These doses
correspond to 7000 rad and 5000 rad n daily
pace, respectively The previous policy of
performing an antrostomy for recurrent cases
otlry’'nas noroeen ¢nangel Tnanges miratuon
dosage of rad tnal of s
such as BUdR and curettage of maxillary sinus
were made as needed The 3-year relative
survival rate for 80 cases treated by the end of
1973 was 44 %, as shown in Fig 2 The 2 year
local non recurrence rates for S000 rad and
3500 rad groups were 43 and 50 %, respective-
ty, which was not a statistically significant dif
ference The same local non recurrence rates
for curettage and non curettage groups were 60
and 35% ly which was fi ly
different, as shown 1n Table V
The policy of performing a maxillectomy n

177

recurrent cases only enabled us to evaluate
the therapeutic value of maxillectomy The
contribution of maxillectomy was estimated
the just half of the 305 5 year crude survaval
rate 1 all cases treated dunng 1967-1969 On
the other hand, the other half of the S-year
crude survival rate drove from the pnmary
therapy, as shown in Fig 5

The relation of the local control rates to the
degrees of climcal effect of the primary ther-
apy was studied n the cases treated between
1967 and 1973 As shown n Fig 6, the 2 year
local control rates for Degrees 1 and 2 and
Degree 3 were as low as 3 and 18 9%, respectiv-
ely It s obvious from this figure that a maxil
lectomy 1s indicated when the imtial radio-
therapy with chemotherapy has given Degree
1, 2 or 3 n the cntera of chimical effect

In conclusion, the best mode of treatment in
our experience 1s the combmation of Co-60
y-ray trradiation (5000 rad/25 fr/5 wk, 2 por-
tals with wedge parr filter) and continuous
ntra-artenal infusion of 5-FU (ca 1500 mg i
amount) An antrostomy 1s required at the be
ginmng of the treatment and a curettage of the
sinus may be needed A maxillectomy must be
performed in rradiation failure cases Intra-

Fig 6 Local control rates according 1o the degrees of

climnical effect of prmary therapy (1967-73)
, P st
Acta Or
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Table VI. Climical studies on mahgnant tumors of the nose and paranasal sitnses from the
literature sources

Peniod 3yearcrude 5 year crude
Year of Primary site Treatment  survivalrate  survival rate
of treat and or ——
Reporter Institute report ment histology comment cases % cases <
Ohngren Radum 1933 Malg tumorof  SG—RT 7087 39
hemmet nose & para
Stockholm nasal stauses
Leroux F Curge 1951 1935-50 Mabg tumorof  SG RT M » 1445 3t
Bobert nose & para
nasal sinuses
Baclesse F Cune 1952 192945 Malg tumorof  RT 16/55 29
nose & para
nasal smuses
Larsson Radwm 1954 194047 Carcinoma of All cases 681256 27
hemmet nose & para
Stockholm nasal sinuses
RT--5G SHie 4s
RT e on
Figs MayoC 1958 193548 Malg tumorof  SG-RT 1597381 42 127/381 33
nose & para
nasal sinuses
Corcht Zunch 1960 1919-$8  Malig tumor of RT SG 10754 19 7750 14
nose & para
nasal sinuses
except mawll
sinus
Zange Jena 1963 1931-55 Malig tumorof  All cases 98{277 35
nose & para
nasal sinuses
Carcinoma of Primary 40/133 30
paranasal sinus
Sarcoma of Prnmary 1435 40
paranasal sinus
Carcinomaof ~ Primary 1930 6
nasal cavit;
') Sarcoma o Primary 73 30
nasal cavity
Mahg tumorof  Secondary 18/56 32
nose & para

nasal siuses

Matg tumorof ~ SG—RT 53196 55 3% 35
nose & para
nasal smoses

Carctnoma of
nose and para

i ses

S::cs:n‘ls::n:f SG~RT 18/31 58 12161 39
ngse and para
nasal sinuses

Frazell Memonal H 1963 1935-54 Carcinoma of All cases
nose and para
nasal stnuses
Carcinoma of 5G 89253 35
nose and para
nasal smuses
Carcinoma of RT 14/98 14
nose and para
nasal smuses
1963  1952-6) Carcinoma of
Salem Lima paranasaf sints

Wustrow Koln 1963 1955-63

SG—RT 3361 54 19/6r 31

103/369 18

SG—RT 2776 33
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Table VI(cont )

Penod 3yearcrude  S-year crude
Year of Primary site Treatment  survivalrate  survival rate
of treat and or —
Reporter Tnstitute report  ment histology comment cases % cases %
Spran Ellis Fish 1965 194064 Carcinoma of SG RT 10769 15
Ca H masiltary smus
Sisson Upstate 1965 195161 Carcinoma of SG,RT 12/54 n
Med Center ‘mavillary sinus
Carctnoma of RT-»SG 9/32 28
matxillary stnus
Macbeth Ovford 1965 1951-59 Carctnoma of SG RT 15140 38
paranasal sinus
Carcinoma of Compl tr 1534 +
paranasal sitis
Mbartensson  Karolnska 1965 1940-59 Carcinoma of All cases 148/513 29
Stackholm nose and para
nasal sinuses
Carcinoma of RT-SG 87193 45

nose and para
nasal smuses
Carcinoma of R1 617318 19
nose and para
nasal sinuses.

Ireland Tront 1966 195163 Malg tumorof  5G RT 32100 32 18/81 n
paranasal sinus
Boone M C Anderson 1968 195463 Malig twmorof  SG RT s 43
Hospital nose and para
nasal sinuses
Badib Roswell 1969 192565 Malig wmor of 5G RT 4304 14
Park paranasal sinus
Badib Roswell 1969 194263 Malig umorof  SG RT 3257 57
Park nasal cavity
Gallagher Michigan 1970 195564 Carcinoma of SG RT 5149 31
mavillary sinus
Lederman Roya! 1970 1933-67 Carcinoma of All cases. 76/236 32 49/207 2%
Marsden maxdlary situs
Carcinoma of SG—RT 25456 47 19/55 35
‘mavillary sifus
Carcinoma of RT-SG 2113 35 2699 26
maxillary sius
Carcinoma of RT 967 13 4153 08
‘mailtary sinus
Malg tumorof Al cases 99282 35 624248 25
mavillary sinus
Malg wmorof  Altcases 4128 34 WS 24
ethmond cells
Malig wmor of All cases. 65113 &0 kr/iag 38
nasal cavity
Tabb Tulane 9 195868  Mabg tumor of SG RT 28108 27
mavillary sinus
Hussel thnsbruck 1971 1953-70 Malg wmorof  SG RT 13460 e 18
paranasal smus
Lewis Memonal 1972 193565 Malig wmorof Al cases 191/677 28
Hospital n0se and para
nasal sinuses
Malg tumorof  SG—(RT) 168/530 32

nose and para

nasal sinuses
Malig tumor of RT—(SG) 23/14 16
nose and para

Tasal sinuses
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Table VI (cont )

Pertod 3yearcrude §

year crude

Year of Primary sie Treatment  survivalrate  survaval rate

of treat an —_—

Reporter Instiute feport  ment histology comment cases i3 cases 3

Torre Franxors 1973 195470 Carcinoma of RT-»SG 1783 20
Baclesse maxitlary sinus

Yamashita Cancer 1 1968 199963 Carcinoma of RT~SG 307 32 3107 2
Japan mavllary sinus

Miyake Keto 1971 1957-68 Carcinomas of SG RT 41115 36 2719 2%

Japin maullary sinus (CH)

Sato Tokyo 1972 19%62-72 Carcinoma of RT+CH 89/116 77
Japan mrullary sinus

Matsuura Cancer C 1972 1962-66 Carcnoma of RT~SG 46/9% 51 3890 &2
Japan maxillary sinus

Shimizu Kobe 1974 1959-72 Carcinoma of SG RT 95/230 4t go/210 38
Japan mrvllary sinus

Sano hyoto 1974 1955-72 Carcinoma of RTHCH) 477159 30 377 7

Japan maxillary sinus —SG
Sakai (in Osaka 1975 1957-73 Carcinoma of RT+(CH) 140491 29 921419 12
this paper)  Japan maxillry smus =(5G)

cavitary rrradiation may be used for smal) re
current tumors A radical neck dissection 1s
necessary for cervical metastasis
Representative studies n this field were
shown m Table VI The long term survival
rate in maxiliary cancer ts stll disapposnting
There 1s an urgent need for comprehensive
tudies to establish the optiumal combmnation
of radiotherapy chemotherapy and surgery
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ZUSAMMENFASSUNG

Die von 1957 bis 1974 behandelten 908 Falle vort malignen
Tumoren der Nase und der Nasennebenhohlen wurden
statistisch analysiert Die Absolute und Relanve Uber
Iebensraten wurden 1m Januar 1975 je nach der Behand
lungsmethode bew ge nach dem khnischen Stadium er
rechnet Die Stadwm Gruppierung des Kieterhoblen
Karzioms auf Grund des TNM Klassifikation wurde
durch den Vergleich der Uberlebensrate vorgeschjagen

Acta Otolarvngol 8

Als die erste Behandlungsstufe des Nieferhohlen Karz:

noms Ist eine Bestrahlung mt Co-60 Gammastrahlen 5000
rad wahrend 3 Wochen kombanrert mt emer intraorteniel

len Daveninfuvion von 5 FU ca 1500 mg als Gesamt

dosts am besten Emne Antrostomi¢ nach Caldwell Luc
wird am Anfang der Behandlung durchgefuhrt und eine
Avskratzung der Nicferhohle wird wahrend der Bestrah

lung empfohlen Nur auf e Rezidev beschranht soll ene
Maxiltektomie durchgefuhrt werden
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—Itshould be noted that ampicillin, like phenoxymethylpenicillin,
does not penetrate into sinus secretions from blood in reliable concentrations, —
H Gnarpe and C, Lundberg, Scand 1, Inf Dis 3 257, 1971

*
— Our investigation shows that doxycycline passes into the sinus secretions even

under severe inflammatory conditions, —
C. Lundberg et al, Lancet I 107, 1968
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IMMUNODEFICIENCY SYNDROMES WITH OTORHINOLARYNGOLOGICAL
MANIFESTATIONS

P Berdal, P Brandtzeg, S S Froland, S D Hennksen
and § Skrede

From the Department of Otolanngology Institute of Pathologs Institute of Immunology and Rheumatolog
Institute of Bacteriology and Insutute of Clinical Biochemistry
Rikshospitalet Unnersity of Oslo Osts Normay

Abstract Among patients with recurrent protracted or
chronic infections of the respiratory tract involving the
mddle ear 18 were found to have immunodeficiencies
In 10 of the patients deficiency of immunoglobulins be
longing to the IgG IgA and IgM classes was found Seven
pattents had an 1solated IgA deficiency One patient hada
combined 1mmunodeficiency with defects of the T.cell
system and the B cell system One patient had an isolated
T-cell deficiency

Immunodeficiency may be the reason for fail
ure of treatment n patients with recurrent or
chromic infections of the respiratory tract and
the muddle ear Among patients suffering from
such diseases admutted to the Department of
Otorhinolaryngology, Rikshospitalet, Oslo m
the period 1960-1974 18 were found to have
immunodeficiency

The types of deficiency may be grouped as
follows

Ne af
Generalized hypogammaglobulinaemia cases
(126G TgA IgM) 3
T-cell defect 1
Combined defect of B and T-cell
systems 1
Selective [gA deficiency 7

The functions of the B cell system were
d by of serum
globulins belonging to the IgG, IgA and IgM
classes and by immunofluorescence micro-
scopy of the nasal mucosa, and by B-lympho-
cyte determination 1n blood and occasionaily

tonsils The T cell functions were examined
mvatro by testing blastoid transformation with
vanous antigens and mitogens, and iz vio by
testing delayed hypersensitivity

Table 1 shows relevant findings m the 9
cases with lized hy lobul
aemiza and 1n the patient (2 H S} with com-
bined B- and T-cell defictency The serum

of the lobulins refer

to the date of diagnosis Normal adult values
in this laboratory are for 1gG, 750-1500 mg/
100 ml, for IgA, 50-350 mg/I00 ml, and for
IgM, 35-200 mg/100 m! The two figures given
for leukocytes, for percentages of lympho-
cytes and P and for sed
rate mndrcate the observed range dunng the
complete observation period The blood cell
counts did not show any remarkable devia-
tions ffom normal values Noticeable were
however, the sedimentation rates which n
all cases were unexpectedly low A number of
“acute-phase proteins™ (a;-antitrypsin, oroso-
mucod, haptoglobin, fibrinogen C reactne
protemn and complement C;) were also de-
termmed Only small changes were found, and
m most cases an “acute phase reaction’,
which normally accompantes acute bactenal
or viral infections, was absent

The predommant pathogemc orgamsm,
Haemophilus influenzae (H nf1) could be

also in lymphoid tissue from the

cl d from the f hary ngeal se-
o~

Aera "
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Immunodeficiency syndromes with otorhunolaryngological manifestations

cregrons 1n all cases and in some cases de
pending on the climcal state also from muddle
ear secretions and bronchial secretions

The numbers of B cells in blood as shown
by surface immunogliobulin immunofluores
cence were below the lowest normal range
exceptin case 9 (8 P S ) in which the B-cells
compnised 15%% of circulating lymphocytes
In this patient the maturation to plasma cells
was apparently blocked The T cell [ympho
cyte functions were normal in all patients ex
cept 1 case 10 (2 H S) n which it was
shghtly impaired The immunohistochemistry
of the nasal mucosa 1 all cases examimed
showed a umform picture charactenized by
nondetectable or markedly decreased local
synthests of immunoglobulns and also by
non or greatly d d
of serum denved immunoglobulins 1n the mu
cosal issue The epithelial synthests of secre
tory component (SC} was normal in all cases

N B,
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pearance of H infl from the secretions Side
effects of the tnmethoprim sulphamethoxnzo!
treatment were not observed during the period
of study which 1s now almost 4 years The
general condition of these patients improved
substantially and they are all able to lead a
normal hife

In Table 111 fundamental features from the
patient with T cell deficiency are shown The
girl still suffers from pulmonary candidadiasis
Treatment with transfer factor has not been
convinctng with regard to immunological com
petency and lung changes However her gen
eral condition has improved Trimethoprim
sulphamethoxazol has exerted a favourable ef
fect on the mucosal infections H nfi has
disappeared Statomotor and mental develop
ment 15 fair but lung function 1s poor How
ever she s able to attend school

Table IV presents a survey of the patients
with selective IgA deficriency The chmical

Table II shows the d: Is of the
treatment n the patients with generalized
h 1 Sub ther

hyp

apy with gammaglobulins was given 1n most
cases (7 patients out of 10) This treatment
was not satisfactory as the symptoms and the

nclude allergic rhimtis nasal
polyp: bronchial asthma chromic sinusitis
chronic otitis and hyperplasta of the tonsils
Serum IgA was non detectable or marked
ly decreased Immunohistochemistry showed
a cor di 1 IgA  defi y
h

H infl mf persisted El of the
H nfl infection appears to be essential for
an adequate clhiical response However we
did not succeed 1n this by a systematic sub
suitution therapy alone Four patients had
arthnitis of rheumatotd type 1In three of these

Jocal synthesis of 1gG and IgM was
normal or increased Eprthehal SC was nor
mal 1n all cases exammed Three of our pa
tients are epileptics and have been treated
with phenytoin This drug ts considered to be
of aetiological importance 17 some nstances

of IgA defi

the arthntis developed dunng

therapy In two cases synovectomy was per
formed The synoviuis was of a proliferative
exudative nondestructive type Having tned
supplementary treatment with pemcilhin am
picilin and sulphonamides without success
we have since 1971 combined the substitution
therapy with tnmethopnm sulphamethoxazol
This remedy has been found to be therapeutt
cally decisive The H infl infectton has dis-

Substitution therapy 13 probably of no vatue
m IgA-deficient patients cven when aval
able IgA preparations are used These con
sist manly of monomeric (7S) IgA which 1s
not transported to the mucosal surfaces like
secretory IgA An efficient surface protect on
therefore cannot be restored

Table V summarizes features and treatment
of pauents with generalized hypogammaglob

|

appeared and the symp! have ded
In 3 patents the tnmethopnm sulpha

methoxazol therapy alone proved sufficient

for complete symptomatic relief and d sap

(Bruton type and other B lympho
cyte deficiencies)

Table VI shows a sim-*-- = ey ot th
selective IgA deficiencies
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Table I Generali

therapy

PNC=Preumococct

Serum Ig mp/100 mi

ed Iz\pogmnnmglobnImm mia (IgG, IgA, Ight) substitution treatmeny ch

Sex Age
Initials Gamma

—_—
Birth date 197 Date 1gG 1gA IgM globuhn”
JEL 1962 120 ND ND 127 30 mif2 week
10 % 3

-

|

2610 %0 3 Febr 1972 3%0 ND 20 stnce 1968 1647
June 1972 270 ND ND 10 ml/2 weeks
Auvg 1572 120 ND ND

2SH 15 Jan 1972 2% 15 ND 1965-1971 10 mly

1805 50 ) 2wneeks
March 1973 ND ND ND No substrtution

3GS 5 April 1967 ND ND traces.

2508 61 2 Apnl 1969 150 ND D 5 ml/2 weeks
Oct 1971 40 ND ND 5 mlf2 weeks
uly 1972 20 10 30 5 mi/2 weeks

S0SS 2 Apnl 1967 ND ND ND No substtutron

06 01 66 g Apnil 1963 30 30 2 No substitution
Apnil 1970 10 16 7 S mif2 weeks
Oct 1971 220 ND 10 S mlf2 weeks

March 1973
10 mlf? weeks

3G UL 4 June 1969 150 17 10 May 1969

021264 0 5 mlf2 weeks
Dec 197) 300 ND 35
Dec 1972 50 ND ND March 1973

10 mi/2 weeks

80 M 7 Oct 1968 ND ND ND (1272 weeks)

11wos 3 Oct 1969 150 13 is 10 /2 weeks
Dec 1970 250 2 ND 10 mi/2 weeks
Aug 1971 220 ND %0 10 mi/2 weeks
Febr 1973 160 ND ND 10 ml/2 weeks

)

SKJSL s Oct 1972 60 ND 20 No substitution
/IZ 1164 3 Febr 1973 30 ND ND No substitution
SAL [ Sept 1972 150 ND 30 No substitution
280566 E Fel’;r 1973 40 ND ND No substitution

§PS 3 Jan 1972 120 10 30 10 mifd weeks
1603 37 38 Febr 1972 20 20 20 Simce Jan 1974
20 mif4 weeks

32 1960 ND ND ND 2 week
&ﬁags a7 1972 250 ND ND 20 mlf2 weeks

¢ Usually gammaglobulin (Kabi) 16 5%
* Normal values 5~17 U/l

¢ Normal values 4~17 U/l

4 Normal values 75-160 U/l

Acta Otolaryngol 82
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Immunodeficiency syndrom

Transamunases Ufl
e Tat (5 Chintcal Bactenol -
Sutphamethovazol (S) effect GOT* GPT* LDH
Daily dosage response
Good Iy Nov 1971
S amels e 0 10 13
mg
since Oct 1971 g 1972
s 1z
Good H Infl Jan 1972
S oome), ehmmated 6 6
S 800 mg arch 1973
since Dee 1971 3 4
T 40mg Good H Infl
S200mg ]2 ememated
since Oct 1971
Good H Inf
§2§§ ,',,“5 2 eliminated
since Oct 1971
Jan 1972
T 40mg Good H Inf! ., 20
5200 mg } 2 elimmated 13
since Dec 1971 A 1975
w5
Farr
Fair
F:
Sin pid 12 Far H Infl Jan 1573
since Febr 1973 Good eliminated 2 o
40 Good Infl March 1973
S0 s }2 ehmmated uoo10 1o
(Pemicillin M u ) Good PNC
elimunated
T 40mg New infect
S 200 mg }2 s H inft
snce fupe 197!
T 160 mg Good H Infl Febr 1972
$800mg 2 . elimmated 7 ]
Jan -June 1972 March 1973
10 9
T 180 mg Good H it
S800mg J 2 climnated
since July 1971
1" 269%9

Acta Or
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Table Il T-cell deficiency Recurrentichronic ontis mastordins Septicema, ostecomn elitis prilme
nary candidadiasis

fﬂ . fl\)i: Serum Ig mg/100 m!
rutials Y —— Leuko-  Lympho- Bone Pathoge
Binthday 1975 1sG IeA 1eM cytes cytes SR marrow mr:rﬁe:m
B VR 3 5000 80 150 18 100 62 17 Increase in H 11
3rizer 7 #$o000 7S ymphocytes  blood
and plasma synovial flud
cells mddle ear
secreuon
Candida alh
bronchial
secreton
* Asdenufied with il ¢ tech: Range i normals 22

* Stmulaton with the followtng mitogens PHA PWAM ConA PPD MLC (mived lymphocyte culture)

Table IV Selectne IgA deficiency

Sex Age Serum lg me/100 m! Lympho-
Initials Dday  Chmcal Leuko- cytes Pathegeme
Birthday 1975 mamifestations  Date Ie.G  lgd IsM cytes (7)) SR microbes
$B L hi] Allerpic 090173 190 ND 230 5600 34 %8 P\C nasal
0208 13 8l shinis 590 19 2 secr
polyps
P H u Spleensup- 290369 17 ND 109 8700 39 3 dellow
140963 2 ture Apn! 11500 38 10 staphe
1967 resp 200172 180 30 120 nasal secr
nfect some
months later
KB 39 Chron otiis 090772 2100 ND 0 9700 38 Proteus
180533 a1 1960 11000 3 pseudomonas
1ymp plasty ear secr
granulaton
ussue
otorrhea.
SBB EX Chron oiis 060273 2200 ND 100 7300 47 &  Notetamu
101167 7 mastoidect
il 2 years
old Polyp
night ear
tymp plasty
9RAK % Chron puru 040974 700 ND 130 8700 4 HInp
220347 7 lent sinusitis PrC
Eptlepsy* memingoc
w 28 Nasalpolym 150274 2200 30 %0 5°00 33 4 Yellow
({lJIZP 45 3 or ashma 100974 2200 0 80 690 26 2 staphe
Eprlepsy* fasal secr
5 Hyperplasia 310175 1200 ND 190 4300 43 11 None patho
35-5;70 3 it 0$s0375 (0% ND 220 11100 33 7 PAC mas
Eptlepsy* secr

"

_—
= Phenytom ! on

Acta Orolary
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Table V  Generalized hypogammaglobulin-
aemua (IgG, IgA, IgM) Maun features
lympho- Bactenal mflammations arr passages auddle ears
yies in T lymphocyte functions manly caused by haemophilus influenzae
0od® 1n vitro® Blood survey
L normal
i1 PHA response shghtly impaired Haemoglobm normal
FPWM response greatly impaired Serum wron lowered
ConA response greatly imparred SR low
MLC good response S¢rum proteins
PED no response Total protein lowered
Gammaglobulin lowered
Lymphocyte populations 1n blood
B lymphocytes mussing
normal functions
Nasal mucosa
In tissue Ig greatly reduced/missing
Synthesss Ig greatly reduced/missing
Synthesis SC normal
Treatment
ubsumuon therapy
every 2 weeks
Chemothempy
‘nmethopnim-sulphamethoxazol
Tistology Immunohtstochemistry (Haemopkalus influen ae) pemeillin (pneumococc)
treatment
Tron
olyps Nasal mucosa IgA ND local
lymphoc synthests IgG increased local P ‘;{;‘l""h";‘PY tof ot
plasmac synthesis 1gM normal SC synthests reaiment of otitis
eosinoph normal
Not examined
fastod Nasal mucosa_IgA ND local
squam ep synthesis IgG and IgM normal SC
tymphoc synthesis normal mastoid IgA ND Table VI Selectve IgA deficiency Main
plasmac dense infiltration IgG producing "
cosmoph cells cubord ep contaiming SC Seatures
Aastoid Nasal mucosa IgA neghgble Bactenal ‘““"“m‘;:;l’"’
cuboid ep 12G and IgM normal local synthe m:‘;f:j:jf;‘ mdcle ears
lymphoc sts IgA slightly reduced 1gG and oy tymph "
plasmac 1gM nocmal SC synthesis normal Hz‘:]ﬂ“gg’,‘g;m{,‘ggn;f“" granulocytes normal
Serum iron seldom lowered
SRlow
Neot evamined Se¢rum proteins
Total protein not fowered
‘l;:;al gammaglobulins not lowered
5 Nasal mucosa
;;';l;;x leg’ mucosa IEA decreased TgM Synthesis IgA greatly reduced/mssing
plasmac and SC normal Local synthests 1gG_1gM normalfincreased
Facroph Synthesis 5C normat
masic
eosinoph Trearment
Nasal mucosa IgA marl Subsutution therapy”
Tonsils decreased JgM and lgG local synthesss Chemotherapy in case of climcal manifestations
tymphoid icreased SC synthesis normal {(NB_ bactenology)
ussuewell  Tonsils 1gG and 1M cells normal Supporting reaiment
developed number_Immature IgA cells n

some follicles

Local treatment/surgical treatment of otius
Phenytomn medication stop

Acta Orolaryagnl 8
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Table VII D, of

defictencies

Climcally
Recurrent/chronic rhtnitis sinusiis bronchitis
Recurrent/chromic otitis
R:Cuﬂ"!n( pheumonia

el i -

Electrophoresis of serum proteins
Quantitation of immunoglobulin ¢lasses i serym
Lymphocyte examinations
B lymphocytes quantitation
T lymphocytes quantitation and functional m
vitro studies with mitogens
Immunchistochenstry of nasal mucosa

In Table VII the most important diagnostic
features of defi are pled
I deficiencies may be d n dis-
eases caustng a varety of chnical symptoms,
and the affected patients may turn up 1a dif-
ferent hospital departments and at different

Acta Orolaryngol 82

ages We do not know the actual frequency of
such patients among those being attended by
the otolaryngologist However, there 15 no
doubt that most individuals with immuno-
deficrency have had nfections of therr upper
Tespiratory tract in early childhood Our report
should serve to alert the otolaryngologist to
these problems, and be helpful in the diagno-
Sis

ZUSAMMENFASSUNG
Unter den Patienten dre 1n den Jahren 19601974 wegen
! ltender oder ch Infek

tionen der Luftwege mit imphziertem Mittelohr an der
Hals Nasen Ohrenkhnik  Rikshospitalet  Oslo  behan
delt wurden hatten 18 Patienten Immundefekte Ber 10
Patienten wurde ein Immunglobulinmangel in der IgG

IgA und 1gM Rlasse gefunden Sieben Patienten hatten
einen isolicrten IgA Mange! Etn Patient hatte eanen kom
binierten Immundefeht des T Zellen und B Zellen
Systems Eine Panientm hatte isoherten T Zellenmange!
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IMMUNOLOGICAL DEFECTS IN CHILDREN WITH CHRONIC
OTITIS MEDIA

P Karma, A Palvaand E Kokko

From the Department of Otolarsngology Unn ersis of Oulu Oulu Finland

Abstract A total of 59 children with chrome otitis media
were examned for possible immunologicat defects by de
and immuno-
globulins 15G 1gA and IgM and by a tuberculin test and
additonally by noting any 1 ome diver

by the tuberculin test In addition, any signs
of lymphopenia were noted
The mean age of the children when the 1m

gence from normal vatues was found in 38 patients (647%)

14 children (24°%) showed pathologically low immuno-
globulin levels and 7 (12%) even a subtotal absence of
one of the immunoglobulin fractions 8 of the cases {137)
also showed a reduction of gammaglobuhn level n 20
chuldrer (347%) the level of one er more of the three
major Ig classes was elevated All except one became
chcally normal within a few years showwng normal
gamma or immunoglobulin levels when tested The
tuberculin test was positive in all pauents The length and
course of the disease 1n these cases was stmilar to that in
patients with normal test values Gammaglobulin therapy
did not have any beneficral effect Consequently 1tiscon

cluded that although humoral immunclogical defects may
be one aetologreal factor they do not play any major role
1 the course of chrome otitts media in children

In order to study the role of immunoclogical
defects in children with chronic otitis media
#eexanined 59 chvldren who had beer treated
for long standing middle-ear infection in our
chme dunng the penod 1966-1973 The study

il ) system was tested was 25 months
(Table II), the range being from 4 months to
13 years In additton to conservative therapy,
46 of the patients were mastoidectomized at
about the same ttme as the immune system
was tested A further 11 children were ade-
noidectomized and in only 2 cases were no
operative measures necessary

Some deviation from the normal values was
found in 38 patents 1e 1n 64% (Tables I11-
IV) 14 children (24 9%) showed pathologically
low immunoglobulin levels and 7 of them even
lacked one of the immunoglobuhn fractions
when examined 1n this way The missing frac-
tion was IgA m 4 cases and IgM 1n 3 How-
ever, the single radial immunodiffusion meth
od used fads to detect trace amounts of tmr-

Table I Diagnosuc tests

wcluded (Table 1) the deter of serum
gammaglobulin level by paper electrophoresis
and of serum immunoglobulins IgG IgA and
IgM by the single radial immunodiffusion
method (Mancinietal  1965) When indi d

Determ =

A gam m et p ot et

the examination was repeated once or several
times over a period ranging from one month
to 5 years Since all the children had re
ceived Calmette (BCG) vaccinanon dunng
their first months of hfe the valdity of the
cell bound immune sy stem could be evaluated

Ix of levels by
paper electrophoresis (compared with normat
values with +1 9 standard deviations presented
by Oberman et al  19%)

Determnation of the amount of lymphocytes n
pertpheral blood (ess than | 500 lymphocytes/mm?
was noted as lymphoperua)

Evaluanon of wherculin reactivity tcelt bound
smmunity} -

Ar
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Table 11 Series of patients studied
Mean age when first tested 25 months

No of
patients
Boys 42
Guls 17
Total 59
Mastoidectomized 46
Only adenoidectomized 1
No operation 2

munoglobulins, which probably remained n
these cases, as evid d by the sub

Table IV Elevated immunoglobulin le\ els

No of
patients
18G elevated 7
IgA efevated 14
IgM elevated 13
Total elevated Ig levels 20

1300/mm® lymphopenia, but only 2 of these
showed lymphopema repeatedly in the tests,
one of them had malignant histiacytosis and
the other lipoid nephrosis as the basic disease

To 1z¢ the chimeal course as meas

return to normal of the chmcal situation and
g hn values C q ly, these
cases could be included among those of re-
duced immunoglobulins This gives altogether
pathologically low IgA in 10 cases, IgM n 6
and IgG n 4 cases Of the cases, 12 returned
to normal climically within 3 years, and in 6
of these Jobulins were re-¢: d
Iater, showing normal values Of the 14 chil-
dren, 8 had also reduced gammaglobulin lev
els Of these, 5 became normal within 3 years
One or more of the three major immuno
. globulin classes were elevated 10 20 patients
(Table 1V), te 34% Altogether IgG was
,éleva!ed m 7 cases, IgA m 14 and IgM 1n 13
17 of these returned to normal chimically with
m 3 years
Five children gave negative tuberculin test
All these 5 however had been tuberculn
positive earlter pointing to a functtonmg T-
cell system
Four children had relatively mild (700-

Table 11 Reduced immunoglobulin ley els

No of

patients
-
1gG reduced 4
IgA reduced ‘g
1gM reduced

Total reduced 1g levels 1

Reduced Ig+Gamma 8

ured by the length of ear dram (Table V) The
mean dramming ttme 1n the total senes was 29
months, and that in the chidren without de-
fects 26 months Among those with reduced
immunoglobulins the ttme was 30 months,
while in the children with elevated immuno-
globulin fractions the ear dramn continued for
25 months on average

Gammaglobulin substitution (Table VI) was
given to 7 children, though this did not lead to
any shorteming of the mean draintng time

On surveying the present series we can see
that the red mn bulins are
relatively frequently encountered 1n children
with chronic otitis media  The most common
finding was low serum IgA value, the Sig-
nificance of which however, 1n small children
1s questionable (Immonen, 1967) Anyway,
the immunoglobultns, and the chinical situa
tion 1 general returned to normal within 2
few years The course of the disease was, In
fact, not different from that in children with

Table V Length of disease (average draining
time)

Immunofogcal No of  Draimng ttme
finding ears (months}
Normal 21 26

1g reduced 12 30

Ig elevated 20 25

arta Otolaryngol 82
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Table VI Effect of gammaglobulin therapy

Treated with Not treated with

195
ZUSAMMENFASSUNG

59 Kmdtr mt chronsscher Mittelohrentzundung wurden

[mmuno~ Length of Lengthof
logical No of disease  No of disease
defect cases  (mos) cases  (mos )

Tg reduced 1 Ex] 5 36

normal immunovalues The same was true of
the relatively farge number of children with
elevated values for one or more major 1im
munoglobuhn classes The frequencies of the
defects are mn accordance with those reported
by Sala et al (1968) for recurnng mfections of
the respiratory tract and by Zoms (1968) for
Indian children with chrome otitis media
The reason for the relatively frequent oc

currence of low bulins and ther

moghcher Defekte unter
sucht durch Feststellung von Gammaglobulin tnd Imme
noglobuline IgG 1gA und [gM des Serums sowie durch
emnen Tubcrkulmres: und weiter durch Aufwers jeder
L Gewisse Ab von normalen
Werten wurden ber 38 Palienten (64 2) gefunden 14 hin
der {24%7) zetgten pathologisch mednge Immunoglobulin
Spicgel und 7 (127) sogar subtotale Abwesenhert etnes
der immunoglobulinen Bestandteile 8 der Falle (14%)
2aigten daruber hinaus eme Reduktion des Gamma
globulin Spiegels Ber 20 Kindern (34¢7) war der Spiegel
von etner oder mehr der drer wichugsten Ig Klassen er
hoht Alle auBer em¢m waren uber Jahre hin khmisch
normal zergten also normale Gamma bzw  Immuno-
globulin Spiege! als sie untersucht wurden Der Tuber
kulintest war ber allen Patienten posttiv  Lange und Ver
lauf der Krankhett waren in diesen Fallen ahnlich 2u je
nen von Patienten mit normalen Testwerten Etne Gam
maglobulin Therapie hatte hemerlet positnen Effekt Dar
aus folgt daB obwohl humorale immunologische Defehte
em atologrscher Faktor sein honnen sie trotzdem key
nedel wichtigere Rolle spielen im Verlauf der chrontschen

spontaneous return to normal 1s unclear May

be this 1s a mamfestation of delayed matura
tion of tmmunoglobulins i these patients

which in such cases may predispose the chil

dren to repeated infections The elevated val

ues on the other hand may probably result
from increased stimulation or from mechan
1sms which serve to compensate for qualita
tively inadequate immunoglobulins as pro-
posed by Berg et al (1971} However the
similarity 10 the course of the disease ir
respective of whether there 1s shown to be
any immunological defect and the neffective

ness of gammaglobulm lhempy points to the
fact that althougt logical de
fects may constitute one aetiological factor
they do not pliy any major role tn the course
of chromc otitts medin in children

bet Randern
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THE IMMUNOLOGICAL FUNCTION OF THE ADENOID
The Proportions of T and B Cells

Bntta Rynnel Dagoo

From the Department of Otolarsngology and the Transplantation Laboratory
Rarohnska Instiutet and Huddinge Sjukhus Huddinge Sweden

Abstract ‘The proportrons of T and B celis ;m lympho-
cyte suspenstons prepared from penpheral blood and
adenoids from children undergoing adenoidectomy were
determined using Ig fluorescence and E rosetting tech
ruques The proportion of B cells 1s higher in the adenoid
than in the blood and the proportion of T cells 1s cor
respondingly fower Preliminary results of stimulations
of adenoid lymphocytes by natural antigens such as N
catarthalis indicate that both mitogemie and antigeruc
responses are induced Separanon of lymphocyte sus
penstons on leucopac and subsequent stimulation by N
catarrhahs and PHA result m abolition of the response
to N catarrhals indicating that reaction to this natural
antigen 1s a B cell function

In the vast terature on 1immunology, there
« a large number of studies dealing with the
mphocytes separated from peripheral blood

+“owever 1t1s well known that there exist sub-

populations of lymphocytes residing in lymph
ord organs other than the blood It 1s there
fore of great interest to study these other

Iymphoid organs The adenoid (s a particu

larly convenient tissue since 1t ts routinely

removed from children, and as Morag Ogra

{1975) mentioned n their recent review very

Iittle 1s known of the lymphoid populations of

the adenord
In our study adenoids from 23 chidren

with the common mdications for adenoidec
tomy, particularly symtoms of obstruction
were excised The tissue was cut into small
preces and passed through a wire screen m
order to obtam a smgle cell suspension This
was then separeted on a Ficoll Isopaque gradi
ent to obtan a suspension of lymphocytes

Acta Orolanyngol 82

A large proportion of B celis maybe ali of
them, have surfacermmunoglobulin which 15
the receptor for antigen These immunoglobu
Iins are demonstrable by using an 1mmuno
fluorescence techmque with reagents such
as fluorescen labelled antmmmunoglobulm,
which 1s added to a suspenston of lympho
cytes Provided the reaction 1s carried out i
the cold, the surface Ig wall not move (n the
surface plane, thus infubsting intenorization or
endocytosts and will react only with surface
compounds forming patches Under the micro-
scope, the B Jymphocytes are surrounded by
these patches

T cells, on the other hand do not have con
ventional surface Ig and can be identified by
their capacity to react with sheep red blood
celis (SRBC) formuing rosettes The mechanism
behind this binding 1s unknown and has no 1m
munological ymplication Washed SRBC m
fetal calf serum+a suspenston of lympho
cytes 2X10° 15 ncubated for 30 mun at 37°C
The muxture 1s centnifuged the pellet care
fully r pended, and lymp} with and
without rosettes are counted

Fig 1 represents mean values of B and T
cells in adenoid and peripheral blood There
are 25% B cells n peripheral blood and this
1s 1n fact higher than n adults Simtar results
have been found by other groups Compared
with the values for B cells in the biood those
n the adenoid are much higher about 50%
and the T cell values are lower
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Fig I Beells (W) and T cells O} in adenord and penipheral
blood

We then decided to study the response of
adenoid lymphocytes to natural One
of the best known methods for measuring
lymphocyte response to antigens and mitogens
1s the DNA stimulation technique Lympho-
cytes are placed 1n culture with the antigen,
and the degree of proliferation 1s measured by
ncorporation of trtiated thymidine added to
the culture 24 hours prior to harvesting The
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Fig 2 Sumulation of adenoid lymphocytes (2 5x 10%) with
N catarrhahs (1/5din R and 1/50 diin A)

there s a good response compared with the
other antigens we have studied This may in-
dicate the presence of a component having
mitogenic properties either n the cells or in
the supernatant Upon exposure to an antigen,
stimulation of one clone of cells occurs In the
case of a B cell clone one specific type of 1m
munoglobulin 1s produced

Upon exposure to a mitogen, on the other

radioactivity 1s measured using a
counter The data are expressed as anthmeti
cal means * standard errors of four individual
cultures
The antigens used m this study are bactena,
which have been implicated m infections of the
upper respiratory tract and m the middle ear
of children, H tnfluenzae, D pneumontae and
N catarrhalis One problem s to find out how
to prepare the antigens and to define which
antigenic components are responsible for the
effects observed
Since in our prehmimary expeniments N
catarrhals a gramnegative bactenum gave
us the most iteresting results we decided to
concentrate on this From N cararrhalis we
have a heat killed suspension consisting of
both cells and supernatant contaiming 2x10°
cells/ml
Fig 21s a kinetic curve of two different cell-
of N ¢ halis 4% 107 and
4x10° cells/m! As 1s quite typical wath an
antigen, there ts a peak on day 4, but on day 2

hand a of many clones occurs
anda fic prod of
hins 1s produced

The possible presence of a mitogenic com
ponent 1s most mteresting since although the
T cell mitogens, conA and phythaemagglutimn
(PHA) elicit a hugh response from adenoid
cells, the routinely used B cell mitogens LPS

com w0?

[ N NN

Fig 3 Sumulation with A catarrhalis on adenod
Tymphocytes separated on Jeucopac (M) and unseparated
[im]
o
Act  wavvegol 87
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and PPD elicit a poor response and antibeta,-
microglobulin a vanable response We then
decided to determine which population of
cells were responding to N catarrhalis on
day 2 An adenoid was prepared in the usual
fashion and the cell suspension was then
passed through a nylon wool column wich
retains B cells Ig positive ceils, B cells were
then counted before and after separation The
values were 509 before and 2 after separa-
tton Stimulation of N catarrhalis was then
carried out on unseparated and separated
cells As can be seen from Fig 3, there 1s a
good stimulation before and no stimulation
after separation, indicating that the cells
which are reacting with N catarrhalis were
retamed n the column The PHA value 1s
higher after separation, as would be expected
since the suspension s then ennched for T
cells
The tonsils and the adenord act as a barrter
against infection Fnedmann’s electron micro
scopic studies (1972) on adenoids have shown
the presence of special reticulum cells with
folded surfaces dendnitic cells whose func
tion 1s to retain antigen The high proportion
. of B cells in the adenoid, and the fact that
these cells can be lated by and

the other hand, high levels are often detected
However bactena are often found n the naso
pharyn<n the absence of chmcal infection

We intend to continue working with adenoid
cells from children with well defined histones
of mfections extending our studes on stimula
tion of B lymphocytes with natural antuigens
and developing methods to the determimation
of the extent of local production of immtno-
globulin in the adenord

ZUSAMMENFASSUNG

Wir haben das Vorkommen ven T und B Zellen 1n
Lymphocytsuspension gewonnenr aus Blut und Naso-
pharynxtonsdlen von Kindern die Adenotomie durchee
macht haben bestimmt Daber wurden Immunofluores
zenz und Rosettentechnik benutzt Das ¥ orkommen von
B Zellen 1t groBer 1n den Nasopharymtonstllen als m
Blut und das Vorhommen von T Zellen ist entsprechend
gennger Die vorlaufigen Resultate mit Sumulation von
Nasopharynxlymphocyten mit N catarrhahs bhaben so-
wohl he als auch £e
zeigt Nach Separation von Lympho.yten an Leucopac
wurde keine Stmulation von N catarrhalis erhalten Die
Reakuon ist demnach eine B Zellen Funktion
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PHENYTOIN INDUCED DEPRESSION OF SALIVARY IgA

J A Aarh

From the Depariment of Neurology School of Medicine Unnersity of Bergen Bergen Mornay

Abstract Phenytoin treatment may induce a deficiency
both of serum and salivary 1gA In such cases large
amounts of free SC are found 1n saliva

IgA 1s the predomunant Ign saltiva The secre
tory IgA 1s of importance 1n the immune de-

fence agamst lly h organ-

IgA, IgM, IgG and to free secretory compo-
nent (SC) were purchased from Behningwerke

Salsa
Whole saliva was collected at the same time
as blood was drawn It was cleared by cen

1sms

Phenytomn, the most commonly employed
anti-epileptic drug, depresses the serum con
centration of IgA to subnormal levels i 20~
25% of patients taking anticonvulsants (Aarl
& Tender, 1975) In some mdividuals even
an immunodeficiency state (IgA<0 05 mg/ml)
15 induced (Aarli, 1976) Secretory IgA differs
from IgA of serum n certamn physicochemical
characteristics  Furthermore 1t 1s manly lo-
cally synthetized and not passively transferred
from the blood The aim of the study reported
here was to investigate whether phenytoin
treatment also depresses svnthesis of secre
tory IgA

MATERJALS AND METHODS
Sera

Sera were taken from patients with epilepsy
treated in the Department of Neurology Sera
from healthy individuals within the same age
groups as the patients served as controls (nor
mal sera) A standard serum from Behnng
werke AG Marburg Lahn West Germany
served as reference serum for all immuno-
globulin (Ig) determinations Rabbit antisera to

tr at 1700 g for 20 mun and stored at
—20°C until used

Ig determmnations

Immunodiffusion plates were purchased from
Behnngwerke For sera, Tn Partigen and S
Partigen plates were employed Ig concen
trations 1n saliva were determned using LC
Partigen plates Varnious dilutions of standard
serum were always included for each plate
In double diffusion studies, 19 agar was em
ployed

RESULTS
IgAin salna
IgA concentrations were determined 1n sahva
from 10 healthy individuals from 10 patients
takmg anti-epileptic drugs and with normal
serum IgA and from 10 patients with epilepsy
and low serum IgA (below 0 15 mg/ml) Serum
IgA was employed as standard In the normal
samples the IgA concentrations vanied be
tween 6 and 9 mg/100 ml In salna from epi-
leptic patients with normal serum IgA, the
IgA concentrations in saliva varied between 1
and 10 mg/100 ml In saliva from ep
tients with Tow serum IgA the sahv
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Fig 1 Double diffusion on agar plate Centre well
saliva from a patient with eplepsy and IgA deficiency
Wells A-E anti [gA anti SC anti IgG °BS and antt
IgM Distinct lines are seen between centre well and
anti SC and between centre well and anti [gG (Precipita
tion lines between tndividual antisera are due to the pres
ence of Ig used for absorption of antisera )

ation was bly lower IgA
was not detected tn two samples, and was
™ below 1 mg/100 ml1n the rematning eight The
two patients with undetectable salivary IgA
“had pronounced gingival hyperplasia
One IgA-deficient saliva was selected for
further studies In double diffusion on agar
plates, no precipitation lines occurred against
anti IgA and anti IgM  while distinct lines

were seen against anti SC and anti IgG (Fig
1) Immuno electrophoresis showed mobthty
as compared with that of free SC

Effect of phenytotn upon saln ary IgA
IgA concentrations were determined in serum
and sahva in 5 patients with epilepsy before
any drug treatment was gmven, and at inter
vals during the first year of treatment The Ig
levels were normal, both sn serum and saliva
before drug treatment was given

In 2 patients, the IgA concentrations
showed only moderate fluctuations within the
normal range, both mn serum and saliva In
one patient, there was a fall in serum IgA with
no concomutant change of salivary IgA In
two patients, there was a distinct depression
of IgA concentrations, both in serum ard
sahva (Table I)

DISCUSSION

One side effect of ant eprieptic treatment with
phenytomn s a depresston of the serum concen
tration of IgA This occurs n 20-25% of pa
tients on anticonvulsant therapy (Aath &
Tonder, 1975, Aarh, 1976)

IgA 1s the predomtnant Ig 1n saliva There
1s, however, not always a correlation between
the IgA concentration 1n serum and tn saliva
Although the lack of correlation 1s predomt
nantly seen in hypergammaglobulinacma with
elevated serum IgA certamn patients may have
depressed serum concentrations of IgA to

Tablel Effect of phenytom upon IgA concentrations in serum and salna i 3 panents (I 1 1)

Duning phenytoin treatment for

Before

treatment 1 month 3 months 6 months
I

098

Serum IgA (mg/mD) 227 157 0%
Salvary IgA (mg/100 ml) 26 38 22 22
It
Serum IgA (mgfml) 157 082 ? 53 g ;n
Salivary IgA (mg/100 ml) 35 85
m 00z 002
Serum [gA (mgfh) 83 0 12 <10

Salvary TgA (mg/100 m))
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Phenytomn induced depression of salnary IgA

gether with normal salivary IgA (Tomasi &
Bienenstock, 1968)

The results of the present study have, how-
ever, shown that some pauents recerving anti
epileptic treatment have low concentrations
of IgA both 1n serum and n saliva Thus, in
2 patients with IgA deficiency and with gm
gival hyperplasia no IgA was demonstrated
m saliva Furthermore, longitudinal studies
of salivary IgA before and dunng phenyton
treatment showed a distmct fall mn the IgA
concentratton duning treatment Accordingly,
phenytoin treatment may mduce a deficiency
state also for secretory IgA

SC was d d in great n
saliva from the 2 patients with IgA deficiency
Free SC 1s present also m normal saliva
{Brandtzaeg et al , 1970) Therefore, the effect
of phenytomn upon salivary IgA must occur
before the conyugation with SC

According to Brandtzaeg (1971), secretory
IgM 1s not attached to SC Coelho etal (1974),
however, demonstrated IgM linked to SC n
saliva from an individual with selective IgA
deficiency In the present cases, SC occurred
1n free form Glandular synthesis of IgM may
oceur m IgA deficiency, but there was no
crease of IgM in the two samples with IgA
deficiency

IgG passes 1nto saliva by simple diffusion
(Brandtzaeg et al 1970) An increase of IgG
was seen int saltva from 2 pattents with gingival
hyperplasia This finding may probably be ex-
plawned by mereased transfer of g0 through
the inflamed mucosa and 1s therefore regarded
as a consequence of the gingival hyperplasia

The biological consequences of secretory

201

IgA deficiency are not known It i1s possible
that IgA mediates protection of the surface
epithelium and the teeth (Brandtzaeg et al

1970) The druginduced salivary IgA de
ficiency may be a contnbutory factor in the
pathogenesis of gingival hyperplasta  Pre
sumably, other factors, such as a direct effect
upon connective tissue, are also mmplicated
(Aas, 1963) However, further studies are
needed to elucidate the role of these factors in
the pathogenesis of gimgval hyperplasia

ZUSAMMENFASSUNG

‘Therapre mut Phenytomn kann in emrgen Panenten mut
Epilepsic emen IgA Mangel sowoh! im Serum als 1m
Speichel verursachen In solchen Fallen kommt SC in
freter Formim Sperchel vor
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Fig 1 Double diffusion on agar plate Centre wel
saliva from a patient with epilepsy and IgA deficiency
Wells A-E anti IgA anti SC anu1gG PBS and anu
IgM Distinct hines are seen between centre well and
antt SC and between centre well and anti 1gG  (Precipita
tion knes between individual antisera are due to the pres
ence of Ig used for absorption of antisera )

concenrtraion was considerably lower IgA
was not detected 1n two samples and was
below 1 mg/100 m! 1n the remaimng esght The
two pauents with undetectable salivary IgA
“had pronounced gingival hyperplasia
One IgA-deficient saliva was selected for
further studies In double diffusion on agar
plates, no precipitation hnes occurred agamnst
ant1 IgA and ant IgM  while distinct lines

were seen agatnst ant: SC and any 1gG (Fig
1) Immuno-electrophoresis showed mobility
as compared with that of free SC

Effect of phenytom upon salp ary IgA
IgA concentrations were determmed 1 serum
and saliva in 5 patients with epiiepsy before
any drug freatment was given, and at nter-
vals during the first year of treatment The Ig
levels were normal, both 1n serum and saliva
before drug treatment was given

In 2 patients, the IgA concentrations
showed only moderate fluctuations within the
normal range, both 1n serum and saliva In
one patient, there was a fall in serum IgA with
no concomutant change of salivary IgA In
two patients, there was a distinct depression
of IgA concentratrons, both in serum and
saliva (Table I}

DISCUSSION

One side effect of anti epileptic treatment with
phenytoin 1s a depression of the serum concen
tration of IgA This occurs 1 20-25% of pa
tients on anticonvuisant therapy (Aath &
Tender, 1975, Aarh, 1976)

1gA 15 the predominant Ig mn sahva There
15, however, not always a correlation between
the IgA concentration n serum and 1o sahva
Although the lack of correlation 15 predom
nantly seen in hypergammaglobulinaemia wath
elevated serum IgA, certan patients may have
depressed serum concentrations of 1gA to

Table! Effect of phenytotn upon IgA concentrations in serum and saln a in 3 pateents (1, 1 Hn

Dunng phenytom treatment for

Before
weatment { month 3 moaths & months
(&
s:mm IgA (mg/ml} 227 157 [
SahvarylgA (mg/100 mi} 26 38 22 22
077
Seruml {mg/ml 157 082 063
SahvaryglAgA (myluu ) 35 gs 17 22
002 002
Semtgp nand i i 12 <0

Salvary IgA (mg/ 100 mh
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Table 1l Lymphocte infiltrations in 37 pa
tients with thyrod disease related to presence
or absence of antibodies

Antibodies
Lymphocy1e infiltraton Present  Absent
Germnal centres. 6 2
Crowds 3 0
Afew scattered 2 9
one 0 15
Total Il [$1a3

Awto immumt w1 certain thyvrod diseases

203

and Hashimoto's disease In the small group
of patients included in this study, there was

howeser. found evidence n support of the as-
sumption that circulating antibodies agamst
the thyroid gland correspond with lymphocy te
infiltration in the gland, which 1s of consider-
able prognostic interest In 1949 Whitesell &
Black showed a relation between lymphoid
nfiltration and the development of postopera

tive myxoedema This has been confirmed by

Histological exarmination of thyroid tissue re-
moved at operation revealed the diagno-
ses shown in Table I The correlation be-
tween auto-mmunity and histology, especial-
ly lymphoid nfiltration, was as shown in
Fable 11

Obviously, the determinations of antibodies
i these 37 patients do not make diagnosis
possible This 1s no surpnse As early as
1958, two Bnitish wnvestigators found thyroid
antibodies 1n one third of a group of patients
suffering from non toxc goitre or cancer of
the thyrond In 1962, Hjort & Mogensen ex-
amined 132 healthy persons and found that

several

Apart from making 1t possible to exclude the
diagnosts of Hashimoto's disease, the value
of the thyrotd antibodies lies
1n their correspondence with lymphocyte in-
filtration, allowing an estimation of prognosts
and potentral nsk at operation Patients found
to have a lugh anubody titre should be cheched
for signs of chronic thyroiditis or Hashimoto's
disease

of deter

ZUSAMMENFASSUNG
In den Jahren 1971-74 lagen insgesamt 88 Patienten mit
Th avf der O Abter-

lung des Finsenmstiutes Bex 37 dueser Patienten die auf
Thyreondeaantistoffe untersucht wurden  komate dre
Dugnose durch eine histologische Untersuchung des

3% had thyroid antibodies A d ques-
uon 15 how often antibodies to the thyroid
gland are found 1n patients suffering from dis
eases not volving the thyroid gland or im-
mune system In 1963, Hjort found bod!

bestatigt werden Aus dem vorhe
gend:n Matenal geht hervor daB das Vorhandensem von
Thyremdeaannsmrren ein Ausdruck fir den Grad der

mder Th 1stund
a]s solches fir die Beurteitung der Prognose des Patien
tenund des [o] von

m 11% of a group of 180 patients—a per-
centage which 1s considerably higher than
those reported by other investigators This
dispanty 1s probably due to different meth-
ods of antibody determination and incompar
able patrent groups the latter often varymg
widely as regard age and sex As previous-
iy deter of bod

against the thyroid 1s of no great diagnostic
value 1n the mdividual patient titres may be
equally high in patients with nodular goitre

15t
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HUMAN AUTO-IMMUNE THYROIDITIS

A Biorklund and N Soderstrom

From the ENT Department and the Department of Medicine
Unnersity Hospital Lund Sweden

Abstracr Focal or diffuse mfiltration of lymphord cells in

sometimes moderate enlargement of the thy-
roid, which rarely attracts much attention
The 1 are usually very diffuse—gen

ditis destroys the p In the
diffuse form (Hashimoto s disease) the chinical picture 1s
charactenzed by fatigue and thyrord The

chagnosis 1s settled by cytology All patents must be
treated with thyroid hormones to avord myxoedema
Loss of rmmunological tolerance and cytotoxic immune
reactions 15 discussed

The aim of this paper 1s to discuss some
aspects of the most common form of thyroidi-
tis, 1€ chronic thyroiditis with infiltration of
lymphoid cells, also called lymphoid thyrodi-
t1s or auto-immune thyroiditis
In light microscopy of lymphoid thyroiditis
the histopathology 1s characterized by diffuse
or focal infiltration of lymphaid cells and de
struction of the onginal parenchyma, usually
resulting 1n the formation of more or less com
plete lymphoid tissue, with germunal centres
and other evidence of a specific issue differ
entration
In chimcal practice, the diffuse chronic
thyroiditts (struma lymphomatosa or Hash:
moto's disease) 1s fairly easily diagnosed and
thus more or less loosely identified with the
concept of auto tmmune thyrowditis m man,
and to a certan degree equivalent to expen
mental or spontaneous thyroiditis 1n ammals
Modification of different factors in the expen-
mental disease has proved to be of importance
n the understanding of the clinical picture
The chnical picture of Hashimoto s disease
1s at first glance rather elusive It may be met
at any age, also 1n children with a very strong
female preponderance It 1s most frequently
seen 1n muddle-aged women wath a shght

Acta Orolaryngol 82

eral fatigue may be present, but otherwise
there ts nothing charactenistic 1n the history
Local tendermess or pan in the thyroid do not
belong to the picture of Hashimoto's disease

A moderately elevated sedimentation rate
may direct attention to the thyrord The gam-
ma globulins are shightly mncreased, and 1t 1s
not uncommon to find a low monoclonal
“spike™ 1n electrophoresis Employing differ
ent methods, circulating organ specific auto
antibodies can be detected against thyro-
globulin, microsomal antigen, surface antigen,
and the so called second collord antigen (CA2)
Usually, 1n Hashimoto’s disease and pri
mary myxoedema, circulating auto antibodies
aganst at least one of these thyroid antigens
are increased With a lower frequency, simt-
lar antibodies are found tn healthy relatves
of patients with Hashimoto's disease Scintt
graphy demonstrates areas of low uptake Dur
mg the disease these areas mgrate In the
Iaboratory tests or the history of the patient
vague or fluctuating indications of hypothyreo
sts may exist It 1s our expenence that overt
evidence of hypothyreosis 1s a late feature m
Hashimoto's disease and 1s found only i 2
mmonty of the cases Itis important to realize
that the imitial phase of the disease 1s clinically
unknown

The diagnosts 1s finally settled by the de
tection of an enlarged thyroid and by the fine
needle aspiration biopsy The cytologeal pic



ture 15 very charactenistic the smear looks
Iike a lymph node smear with full representa-
tion of lymph node cytology This mcludes
lymphocytes, lymphoblasts, centroblasts, tin
gle body cells, smus epithelum and abun
dance of plasma cells The follicular epithe-
hum cells are scarce and may be difficult to
find In half of the cases, the eprthelum in
cludes transformed follicular cells called Asha
nazy or Hiirthle cells (“oxyphilic epithelum”
of hustology) These cells have a broad foamy
looking cytoplasm due to a high content of
rmtochondna The Askanazy cells have a fine
“ dusty™ 1 of deeply b hilic gran-
ules with asymmetnc distnbution 1n the cell
body The cells also exhubit 2 conspicuous nu
clear polymorphism, which may be mustaken
for mahgnancy Papillary carcinoma of the
thyroid can have an advanced degree of
lymphoid metaplasia, difficult to separate from
Hashimoto's disease  Previously, we (Soder-
strdm & Brorklund 1973) stressed the diag
nostic tmportance of some types of intranu-
clear inclusions in the diagnosis of papillary
carcinoma These inclusions are never seen
the Ashanazy cells
We wish to stress that the diagnosts of dif
fuse lymphoid thyroiditss or Haskh s dis
ease should never be made on the basis of a
single thyroid puncture, at least two punc
tures must be done at the examination and the
cytological picture should be the same in both
specimens The single asptrate may contan
matenal from a sngle lymphord focus and
thus suggests a false diagnosis of diffuse
thyroiditis
All patients with confirmed Hashimoto s
disease should be treated with levothyroxint
in full myxoedema dosis 1¢ on the average,
0 2mgdaly The rational for this treatment 15
to prevent the insidious onset of chimical myx
oedema a common outcome 1 the course of
Hashimoto s disease Too often this myx
oedema 1s detected after years of high choles
terol levels in the serum resulting in coronary
sclerosis and sudden death when thyroid hor
mone treatment finally ts attempted The de

1176299
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tection of lymphord thyrordiis at an early
stage 1s of paramount importance :n the pre
ventton of coronary disease After induction
of therapy the diffuse complants usually dis
appear and the thyroid enlargement 1s re
duced The patients should be cheched once
a year, and the therapy 1s life long

The basic lesion m thyrord anto immunrty
1s loss of tolerance against thyrord antigens
In healthy subjects Bankhurst et al (1973)
could detect binding of ' labelled thyro-
globulin only to B cells i the penpheral
blood En Hashimoto's disease, Roberts et al
(1973) found 5 to 6 times more B cells binding
this radto-labelled antigen These findings lend
support to the hypothesis that antigen reac
tive T cells are ehmmated by a low dose of
antigen to avord an auto-immune reaction In
aut T cells on occurs
and, involving B cells abnormal immune reac
tions are induced Subjects susceptible to
auto-immune diseases may have immune-
response genes (Ir genes) rendenng their T
cells abnormal, responsive to organ specific

] d by fic mmor organ
trauma These Ir genes, supposed to be linked
to histocompatibility loc: would explain the
mhentance of auto-immune diseases and the
susceptbility of certain ammal strains to the
induction of expernimental auto-immune thyrot
chus (Braley Mullen et al , 1975)

In Hashimoto®s disease three immune reac
tions, cytotoxic for the folhcular cells have
been discussed In vitro studies of Pulvertaft
et al (1959) demonstrated a cytotoxic com
pl t-d d body mn Hash
sera Insimilar test systems sensitized lymph
ond cells but not sera from rats with expen
mental auto-immune thyrordiis (Bidrklund
1964) and Hashimoto patients (Podleskt 1972)
were found to be cytotoxic to thyrosd cells
Ringertz et al (1971) and Calder et al (1973)
described a third cytotoxic immune reaction
the antibody mediated Iy mphocytotoxicity n
expenmental and human auto-immune thyro
dis The cytotoxicity inducing antibody in-
volved 1n this reaction was of the 1gG type

Acts Orolarmeol 82
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to have a cytolytic effect on proliferating B
cells In Hashimoto s disease, Kalderon et al
(1973) found plasma cell-associated electron
dense d similar to

at the follicular basement membrane The
same depostts, consisting of thyroglobulin C3
and IgG, were also found in a case of mulh
centric papillary carcinoma of the thyroid
(Kalderon et al , 1975)

Using th tion histology n H
specimens we have found a massive invasion
of plasma cells into follicular areas (Soder-
strom & Brorklund, 1974) The invading
lymphoid tissue tn the thyroiditic specimens
was orgamzed as n a lymph node The medul
la of a lymph node was represented 1n Hash
moto tissue by a plasmocytic front invading
the foliicles Plasma cells, but rarely lympho
cytes, were often associated with splits in the

v

fymph node and lymphatic tissue tn Hashimoto s disease
cortex/y centre 1 endo
thelwum venules medulla/plasmocytic front

(y2) and could not be correlated to haemag-
glutinating antibody titres 1n the sera (Wasser-
man et al  1974) The lymphocyte tn the anti
body mediated lymphocyte cytotoxicity 1s un-
commutted and does not belong to T or B cells
subpopulations Recently, Calder et al (1975)
discussed the characterisucs of these cells K
(killer) cells The cells lack immunological
specifictty, but have receptors for activated Fe
fragments of antibodies The K cells acquire
a high cytotoxic potential and immunological
specificity by combming with auto antibody
bound to thyroid cells or with circulating 1m
mune complexes n antibody excess

cell b: region The follhcul
cells close to the plasma cells were either de
generated cells or Ashanazy cells The pra
cortical region n thyroditis corresponded to
p llary high endothelum venules, which
are easily mistaken for follicles Finally, the
germmal centres of thyrowditis corresponded
to the node cortex (Fig 1)

Our findings demonstrate that a massive i
volvement of plasma cells occurs m Hasht
moto’s disease This may reflect the 0ss of
immunological tolerance to thyrod antigens
giving nise to expanding B cells clones, as dis-
cussed by Raberts et al (1973) The role of
these plasma cells mn the cytotoxic reaction 1S
unclear, but recent finding 1n antibody medt
ated lymphocyte cytotoxicity, as drscussed
above, may indicate therr role

Human auto immune thyrotdiys 1s a disease
seen by the head and neck onco-

The tn vivo findings of sp plasma
cell domnating thyroiditis 1n chickens (Wick
et al, 1970) and Buffalo rats (Noble et al,
1975) stress the role of B cells i auto im-
mune thyrowditis The complete and sustaimed
reversal of expertmental auto immune thyrot
ditis after cyclophosphamud therapy further
stresses the role of B cells {Paterson & Dro-
bish, 1975) This alkylating agent 1s supposed
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logist It may be difficult to differentrate from
papillary thyroid carcinoma due to the 1ntense
immune reaction occurring 1 both diseases
It 1s an imstructive immunological disordet
giving the chinicran basic information of 1m
munological processes, such as loss of tol
erance and mmmune destruction sn an orgM
specxﬁc auto rmmune mamfestalmn
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Fokale oder diffuse Infiltration von lymphmden Zellen in

Tl diten zerstort die 1
der diffusen Form (Hashimote s disease) wird das kit
mische Bild von Mudigkeit und VergroBerung von Glan
dula Thyreoidea charaktensiert Die Diagnose wird durch
Cytologie gestellt Alle Patienten mussen mit Thyreoudea
Hormonen behandelt werden um Myxodema zu verlun
dern Verlust von immunologischer Toleranz und cyto-
toxische Immunitatsreaktionen werden diskutiert
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WEGENER'S GRANULOMATOSIS, IMMUNOSUPPRESSIVE THERAPY

H. Thorkelsen and P Berdal

From the ENT Department, Rikshosputalet Oslo Norsay

Abstract We present a study of |1 patients with We-
gener s granulomatosts Seven of these were treated with
A (Imurel) bined with d of
these, 4 patients rapudly improved after the treatment was
started Atelectatic changes in the lungs disappeared A
rapidly progressive renal failure was reversed, and renal
function returned to normal Large lesions of the shin
alsoimproved The treatment has now lasted 2441 years

without interruptton We have not had any serious side ef

fects due to Imurel We beheve that the good effect of the

1sdue to by the drugs

Wegener's granulomatosts 1s a rare disease of
unknown aetiology Histologically, 1t 1s char-
actenzed by generalized focal necrolizing
vasculitis with penvascular nfiltration of
lymphoeytes At the present tume, 1t 1s re-
garded as an auto immune disease with an un-
known antigen Untreated, the patients die
within 6 months (Shillitoe et al , 1974; Asin et
~ @, 1972) Usually, the upper respiratory tract
1s first involved, later the disease 1s also found
/in the lower respiratory tract including the
¢ “lung parenchyma and in the kidneys Other
organs may also be involved, ¢ g the orbta,
middle ear, skin and joints Confronted with
a disease affecting the upper resprratory tract,
lungs and kidneys, the diagnosis of Wegener’s
granul should be dered (Gonza
les & Ordstrand, 1973) A chromc otiis which
does not improve dunng treatment may be a
manifestation of Wegener's granulomatosis
(Linthicum & Schwartzman, 1972)

TREATMENT
The ponciples of treatment 1 Wegener's
granulomatosis have varied according to the
current view of the nature of the disease
1. Before 1955, the treatment was purely
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symptomatic, and the patients usually died
within 6 months after the onset of the disease

2 From about 1955 unul the latter part of
1960, the treatment consisted of X-rays and
steroids, and this led to great opttmism No
daudt, s ceatment fas ugeoved e
prognosis, but only to a shght extent The
results of the treatment were mostly due to a
general antunflammatory effect

3 From the end of 1960, cytostatics have
been used (Moeschlin, 1969, Skevas &
Schmidt-Baumler, 1974, Teisberg & Enger,
1970, Hest, 1973) Very good results have
been reported, and many patients have been
able to start workng agan

Imurel (azathopnine) 1s a cytostatic drug

bol with an essIve

effect and few side effects Therapeutically,
regression of the infiltrates and an tmprove
ment of the patient's general health my be
achieved

Examples of the favourable results of Imu-
rel treatment appear from the following case
reports

Case no 5 (Table II)

A 38-year-old male factory workef, admitted
to Rikshosprtalet i May 1972 His com-
plaints were pain 1n the nose, nasal stuffiness
and frequent nose bleedings since November
1971 He had been unsuccessfully treated with
antibiotics for rhinostnusitis by his famly doc-
tor On adnussion, an ulcerating infiltration in
the upper dorsal part on both sides of the nose
was found A biopsy specimen from the nasal
mucosa showed ulceration and marked sub-
acute inflammation with eosinophilia and grant
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ole | Wegener’s granulomatosis Treatment with X-ray andlor corticosterords
Pro- Sympt Survival tin
e fession Localisatonof  duration  Treatment and duration following
Sex Age  disease (months)  of treatment Effect wreatment
Clerk 55  Oralandnasal 46 Predmsone 20 mg/day ngmsm of 3 months
M mucosa 3 months prior to death Dead
lungs Dead of broncho-
pneumoma
Plumber 63 Ramus 28 X ray
M mandibulae Jan 1963, 1150 R mandibutar field ~ Progression of 16 months
epipharynt Feb 1963, 1000 R mandibular field duease Dead
lungs Oct 1963, 450 R mandibular field ~ Dead of
absctss (May 1964
Salesman 52 Rught tonsi] 35 X ray Greatumprovement 30 months
M Dec 1972 5800 R Full tme employed  Alive
Predmsone 60 mg/day reduced to
2.5 mg/day from Dec 1972
Teacher 52  Mucosaofnose 9 ray No improvement 8 mooths
1M and maxllary Dec 1960 1800 R nasal ficld Dead

sinus

cells, interpreted as Wegener’s granulomato-
sis X-ray showed atelectasis of the posterior
basal segment 1 the left lung Bronchoscopy
tumour occluding the lumenm

medmtely penipheral to the opening of the
apical bronchus of the left lower lung Later
he got haematuna, proteinura, sosthenuna
Serum creatimmne increased to 61 mgfdl
Creatimne-clearance fell to 29 mijmin Biopsy
of the kidneys showed proliferative and mter-
stital inflammatory changes and fibrinod
necrosis Haemoptysis occurred Rapidly de-
lenqra\mg kidney farlure fo“o\ved Serum
phoresis showed d alpha; and

alpha, globulin and shghtly increased immuno-
globulin G and A In June 1972,

May 1961 1800 R nasa field
Predmsone 40 mg/day
1960-May 1961

Noimprovement
Dead 1761

1s normal The admnistration of 10 mg predm-
sone and 225 mg Imurel daily has been con-
tinued

Case no 7 (Table 1)

A 4l-year-old female nurse was
Rikshospitalet in QOctober 1972 Her com-
plamnts were Since August 1972 pam 1n the
left cheek radiating 1o the nose and nasat stuf-
finess on the left sidde On admssion a
swelling on the left cheek was found and the
left eye was dislocated laterally X-rays
showed an infiltranon 1n the left lung and
exudate 1n the pleura Later she had a blood-
tinged pasal secreon She presented a tu

admitted to

started with Imurel 50 mg x 5, and predmisone
Smgx 2. daily Gradual improvement was ob-
taned, and 5 months later the serum creatt
mine was 1 6 mgfd! The creatimine clearance
mncreased to 140 mifmin A repeated biopsy
from the kidney showed sclerosis of the
glomeruh and great changes as compared to
the first biopsy Repeated X-ray showed al-
most normal lungs Having been disabled for
14 years, he now returned to work and has
later been fully employed The lung function

mour [ike nfill 1n the nose A biopsy
specimen showed changes consistent with
Wegener's granulomatosis  She also had
haematunia The serum creatimne was 2 1 mg/
dl She was it and confined tobed In Novem
ber 1972, Imurel 1n 2 daily dose of 506 mg x 3
and prednisone, 10 mg X 3, were administered
The general status rapidly smproved and the
X-ray changes in the lungs gradually de-
creased SR decreased from 115 mm to 23 mm
n the course of a few months After 6 manths

1 the spning of 1973, she was apain

A
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Table Il Wegener's granufomatosis. Treatment n ith cytostatics

Sympt
Case  Profession Localisatton of ds‘:,;zpmﬂ Duration of
no Sex Age  disease (months) Treatment treatment
1 Glageer 59  Oralmucosa 9% A Xeray A 1966,67,70,71
LH M skin of pents B Imurel 150 mg/day B Last 3 months
and face, lungs Predmsone 15 mg/day before death
2 Upholsterer 63 Orbatal tissye, 34 A Predmsone 40 mg/day A 6months
L M kidnreys lungs Tmurel 150 mg/day
B Predmsone 80 mg/day B 3 sequences each
Natulan 200 mg/day of 2 weeks,
Cyclophospham:d 1000 mterval ! month
mgrv weekly
Vinblastn 10 mg1 v
weekly
C Cyclophosphamud S0mg/ € 2 months
day aral
Predmsone 15 mg/day
D Nocytostatics D Last year of life
3 Typist 28  Nasaland pafatal 36 Imurel 200 mg/day 34 months continuous
™ F mucesa Skinof Prednisone 60-(0 mg/day
leg tonsils
4 Shop gl 65 Maxillary sinus, 54 Imurel 200 mg/day 48 months
AQ F orbital tissues Predmsone 10 mg/day
5 Factory worker 38 Nasalnucosa 42 Imurel 250 mg/day 36 months continttous
LL M fungs, Jorts, Predussone 10 mgiday
kidneys
6 Housewfe 55 Lungs, kidneys 4 Imurel 75 mg/day 4 days poior to
BH F Predwsone 80 mg/day death of renal
farlure
7 Nurse 4t Nasal mucosa 36 Imurel 150-300 mg/day 32 months contintous
EHT F and bone, Predusone 10-50 mg/day
lungs, kidneys

~
ployed The local tmmune response, as stud-

Aed by h h hods, was not
different from that of an unspecific chronic
wflammation The B and T lymphocytes stud-
1ed by marker techmque and 1n vitro function
test were normal The phagocytosts of the
granulocytes was normal The former patient
15 stall fully employed {January 1976)

Duniag the past 15 years 1] pauents with
Wegener's granulomatosts have been admitted
to Rekshospitalet, the Ullevaal Hosprtal, and
to the Nordland Sentralsykehus, Bodo
Among these, 7 patients have been treated
with Imucel and predmisone The 4 other pa-
tients (Table I) were given X-rays and/or
predmusone treatment Before the diagnosts,
all patients had antibiotic treatment because
an nf fi was suspected

The X-ray treatment had delayed the pro-
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gression of the disease It has also reduced the
pan, and the general health has improved Alt
i all, the palliative effect has been satisfac-
tory Imurel combmed with predmsone has
been admimstrated to 7 patients (Table 11) 1n
4 of the cases, this treatment had a very good
effect, although the patients probably have not
been cured Two of these pauents have al-
ready been discussed (patients 5 and 7) Imu-
rel, 200-300 mg daly, has been given, and
these patients have now been treated for 2}~
43 years The treatment 1s coptinued Side ef-
fects necessitating discontinuation of the treat-
ment has occurred only once fn a case n
which Imurel treatment was stopped for 2
weeks due to leucopema (2000/mI®) The treat-
ment has later been continued for § months

Side effects of predmsane, like osteoporos)s
or moon face, have occastonally occurred 1n



Survival ime

Tect foltowing treatment

ood first years 81 months

rogresston of Dead

isease

0 improvement 26 months

ead

o improvement

0 improvement

ogression of disease

nprovement 33 months
Abhve

reat improve 48 months

nent Full ime Alive

mployed

reat improve 36 months

ment Full ime Alve

-mployed

o improvement 8 days
Dead

reat improve 31 months

ment Full tme
employed

3 cases, there was no definite improvement
after treatment with Imurel and prednmisone
One reason for the lack of effect probably was
that the disease had reached anadvanced stage
when the treatment was commenced
Wegener s granulomatosis Dbke other dis
eases, may have different rates of progression
and consequently show varymg climcal
mamfestations in different patients This may
be one of the reasons why the results of the
treatment vary Another possibility s that
there may be different types of the disease
with specal locahisations and different rates of
progression (lethal granvloma of the mndlmc
Steward s I malignant |
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patients with advanced disease, but not hope
less so0, 2 good palliative effect has been ob
tamed The mantfestations in the hidneys
lungs and respiratory tract have improved
The side effects (leucopema osteoporosis)
have been few and has not necessitated delay
of the treatment except for a very short
peniod The treatment should be continued
permanently

ZUSAMMENFASSUNG
Es werden ¢lf Pauenten mit Wegeners Granulomatose er
wahnt von depen sieben out Azathioprine {Imurel) kom
bintert mit Predmson behandelt wurden Vier dieser Pa
tienten 2ergten emne schnelle V:rbesscrung gleich nach Be
ginn der
rungen verschwanden Ein fonschrellendes Nmnvn
sagen horte auf und die Nierenfunktion normalisierte
sich GroBere Hautschaden heilten aus Die Behandlung
hat inzwischen 23—} Jahre gedauert und wurde micht ab-
gebrachen Wir haben ketne ernste Nebenwirkungen von
lmurel gesehen Man mmmt an daB der gute Behand

auf einer m
munosuppressiven Wirkung beruht
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IMMUNOLOGICAL FINDINGS IN A CASE OF COGAN'S SYNDROME

$ Edstromand A Vahlne

From the Department of Otolaryngology Central Hospital Molndal and the Department of Yirology
Institute of Medical Microbiology Unn ersity of Goteborg Goteborg Sweden

Absirace The immune system of a case of Cogan’s syn

drome was investigated A transient depression of the celt

mediated immunity was found Thus during the acute
stage of the disease, there was a depression of the
cutaneous delayed hypersensitivity reachon to PPD and a
decrease in the number of T cells There were also signs
of A possible

based on immune complexes due to 2 preceding viral 1n

fevhion 1s discussed

In 1945, David Cogan pubhshed four cases of
nonsyphilittc interstiial keratitis and ves

tibulo auditatory symptoms (Cogan’s syn

drome) Since then, about 60 cases have been
reported The aenology of the syndrome 1s
unknown However, mn earlier reports (Albnite
& Resnick, 1961, Fisher & Hellstrom, 1961),
vascular alteratrons have been found corre

sponding to those in systemic disease The
purpose Ui {ne present imvestigation was to
examine the immune system of a patient with
Cogan’s syndrome and evaluate the possibilt

ty of immune complex acticlogy

CASE HISTORY

A 15-year-old girl had in association with a
comamon cold experienced the onset of tin~
s, dizziness and ocular pain Two weeks
later she noticed a heartng loss 1n her lefy ear
and was admytted to hospital The patient had
previously been healthy At the age of 7 she
was BCG vaccinated and when tested six
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years later the PPD reaction (0 1 mi, 2 TU/ml)
was positive

Ophthalnol

The eye Iids were moderately oedematous and
the bulbs were red The night corneal paren-
chyma showed a peripheral opaquefication
and the corneal epithelum was diffusely
oedematous on both sides Media and eye
grounds were normal One week alter ad-
mission to hospital the left coreal parenchy-
ma was also opaquefied

al e

Otroneurological exammnation

The heaning threshold level fell on both sides
(Fig 1} The stapedws reflex test showed no
ehcitation at 120 dB Glycerol test was nega-
tive There was no nystagmus and the calonc
test of vestibular function showed no reaction
on euther side

Rounine laboratory examinations

The sedimentation rate and white cell countin
blood were elevated The polymorphonuclear
percentage ranged from 58 to 77 per cent
Platelets were 550000 per mm?® Fibrinogen
was elevated (6 63 gfl) Other routine labora-
tory investigations {tncluding cytology of bone
marrow, cytology and electrophorenc patiem
of spinal fluid, function tests of heart, hver,
thyrord and hidney, muscle biopsy, X-ray ex-



[ H il :
A ]
R INR AN N e
NIBN NN
LLY VAL

Fig 1 Heanng threshold levels dunng the first 6 days af
ter admussion to hospital ® admussion % 3 days after
admission @ 6 days after admission

amination of heart lungs ears porus acust-
cus and teeth) were normal

METHODS AND RESULTS

Lymphocyte function tests
In vivo tests of the cutaneous delayed hyper-
sensitivity reaction to 01 ml PPD (2 TU/
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formation test descnbed by Jondal et al
{1972) Inhibition tests of leucocyte migration
in the presence of Montlia albicans and PPD
extracts were performed using the polythene
capillary tubing method of Hughes (1972)
When tested five weeks after the onset of
the disease, there was no cutaneous delayed
hypersensitivity reaction to PPD The patient
was tested one year later, and at that time an
mdurated and reddened zone of 20 mm n dia-
meter at the site of the PPD injection was
noted after 48 hours (Table I) The percent-
age of T cells was subnormal during the first
6 weeks of the disease {Table I) No impair-
ment of the quahtative in vitro T cell func-
tion was noted Thus, the lymphocytes were
normally stimulated with the mutogens tested
and Jeucocyte mugration was inhibited i the
presence of PPD and M albicans (Table I)

Other logical im

ml) were performed Lymphocyte
tests were performed with the T cell mitogens
Phytohaemagglutimin P (PHA) (Difco Labora-
tories, Detrort, Michigan) and Concanavahn A
{ConA) (Miles Yeda Ltd, Rehovoth, Israel)
as descnibed by Mobacken & Lindholm (1974)
Quantitaion of T and B lymphocytes in
venous blood was performed with the rosette-

Table I Lymphocyte function tests

The complement factors C3 and C4 were de-
termined with single radral immunodiffusion
{Mancini et al , 1965), using Partigen immuno-
diffusion plates (Behringwerke AG, Marburg/
Lahn, Germany) In the two first sera col-
lected 3 and 6 weeks after onset of the dis-
ease, subnormal values were obtaned for C3

The cutaneous delayed hypersensmvuy reacmm 10 PPD (PPD) the perccmage of'r Iymphocy(:s (T ¢) and B lympho-
HA]

cytes (B

%)
mugration inhibition (LIF) in the presence of PPD and Monilia albicans (M aIb )

{ConA) leukocyte

Weeks after onset

of the disease 5 6 n 56
In vivo test
PPDe Negative NT NT Positive
In vitro tests
T % (N* $0-80°%) 3T ne 73 NT
“% (N 10-20%) 12% 6 paled NT
LYS
PHA Positive Posiuve Posiuve NT
ConA Posimve Positive Posiive NT
LIF
PD Posttive Posiuve Positive NT
M alb Postve Posive Positve NT

* The PPD reaction was positeve 2 years earher
* NT not tested
© N normal range
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formation test described by Jondal et al

(1972) Inhit tests of leucocyte migration
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Fig 1 Heanmng threshold levels dunng the first 6 days af
ter admussion to hospital @ admussion ® 3 days after
admission @ 6 days after admission

amnation of heart, lungs, ears porus acush
cus and teeth) were normal

METHODS AND RESULTS

Lymphocyte function tests
In vivo tests of the cutaneous delayed hyper-
sensitivity reaction to 01 ml PPD (2 TU/

m the p of Momba alb and PPD
extracts were performed using the polythene
capillary tubing method of Hushes (1972)
When tested five weeks after the onset of
the disease, there was no cutaneous delayed
hypersensitiity reaction to PPD  The patient
was tested one year later, and at that time an
indurated and reddened zone of 20 mm in dra
meter at the sute of the PPD mjection was
noted after 48 hours (Table I} The percent
age of T cells was subnormal dunng the first
6 weeks of the disease (Table I) No impair-
ment of the qualtative n vitro T cell func-
tion was noted Thus the lymphocytes were
normally sttmulated with the mitogens tested
and leucocyte migration was tnhibited 1n the
presence of PPD and \ albicans (Table 1)

Other !/ Lim

ml) were performed Lymphocyte
tests were performed with the T cell mitogens
Phytohaemagglutimn P (PHA) (Difco Labora
tones, Detroit Michigan) and Concanavalin A
(ConA) (Miles-Yeda Ltd, Rehovoth, Israel)
as descnbed by Mobacken & Lindholm (1974)
Quanutation of T and B lymphocytes in
venous blood was performed with the rosette

Table I Lymphocyte function tests

The complement factors C3 and C4 were de-
termined with single radial immunodiffusion
(Mancim et al , 1965), using Partieen immuno-
diffuston plates (Behningwerke AG, Marburg/
Lahn, Germany) In the two first sera col

lected 3 and 6 weeks after onset of the dis

ease subnormal values were obtained for C3

The cutaneous delayed hyperseastvity seacuon to PPD (PPD) the percentage of T ymphiocytes (T3 and B by mpho-
(PHA) A

cytes (B%) (LYS) wth T

migration mhubition (LIF) m the presence of PPD and Montha albicans (M alb )

(ConA) leukocyte

Weeks after onset

of the discase s 6 n 56
In vivo test
PPD* Negauve NT* NT Positive
In vitro tests
o (N° 50-807%) 3 324 T3% NT
(N 10-207) 127 6 B NT
LYS
PHA Posiuve Posttive Posttive NT
ConA Positive Positive Positive NT
LIF
PPD Positive Poutive Positive NT
M alb Posinve Pos uve Posinve NT

¢ The PPD reaction was positive 2 years earfter
* NT not tested
¢ N normal range
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Table Il Q. of the pl factors C3 (BICBIA} and C4 (BIE)
Wecks after onset

of the disease 3 6 7 13

€3 (N* 140£30 mg) 15 mef% 35 mg% 151 mg% 191 mg%
C4 (N 50-150%) 45% e 86°% >150%

¢ N normal range

(15 and 35 mg%, respectively, normal range
140+30 mgSs) and 1 the first serum for C4
(45%, normal range 50-1509) (Table 1)
Antmuclear antibodies 1n serum, assayed by
fluorescence que on 1ssue sec
tions of rat hiver and kidney, were not found
1M, 1gG and IgA 0 serum determined ac
cording to Mancim et al (1965), were within
normat himits

Virological imy esuigations
As the pattent had symptoms suggestng a viral
infection 1n connection with the onset of the
syndrome, efforts were made to establish an
1 ! di of the snfe s agent

Virus isolation atiempts were performed by
moculatng green monkey kidney cells, Hep 2
cells, human jung fibroblasts and primary rab
bit kidney cells with test matenal from the
nose throat conjuncuval secretion and spraal
fluid  The cell cultures were visually ex
amined by hght microscopy daiy for 10 days
No cytopathic effect was noted with any of the
matenal tested

A complement fixation (CF) method accord
g to Sever {1962) with munor modifications
was used for serological Imvestigation Sera
collected five days after admission to hosprtal
and 4 weeks later were tested m parellel with
antigens of adeno virus cytomegalo virus
herpes simplex virus influenza A and B virus
orbill virus mumps virus polio 1 2 and 3
virus, rubella vines vacoinia virus coxsackie
B virus, respiratory syncytial virus param
flyenza 1,2, 3 and 4 virus and vanicella zoster
virus The sera were also tested with antigens
of or mycopl and I
gondu by the CF method Four umits of ant

aet:
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gen and two units of complement were em
ployed No sigmficant nse m the antibody
titre to any of the antigens tested was detected

DISCUSSION

The aetiology of Cogan’s syndrome 1s un
known However, vascular alteratons have
been found corresponding to those occurring
1 systemic disease (Albrte & Resnick, 1961,
Fisher & Hellstrom, 1961) As SLE (Koffler
et al, 1971) and polyartnns nodosa (Gocke
et al, 1971) as well as stromal keratinss (Aron
son & Moore, 1969) have been related 101m
mune complex disease the immune system of
the patient with Cogan's syndrome was in
vestigated Dunng the acute stage of the dis
ease, alterations were found which could be
compatible with a pathogenests based on anit
gen-—antibody complexes Thus, there were
signs of complement cansumption and a tran
sient suppression of the cutanedus delayed
hypersensitivity reactton to PPD and of the
number of T cells Such an impairment of the
cell med y could factliate e
generation of antigens in excess which are
n v for the development of circulating
immune complexes (Manmh et al  1974) A
depression of cell medrated immunity 1§ en
countered in a number of viral mfections, such
as measles (Starr & Berhovich [964a) 11
fluenza (Kantzlee et al  1974) rubella (Olson
etal 1968) acute wfectrous mononucleosss
(Mang: et a1 1974) chickenpox (Starr & Ber
hovich, 1964b), upper respratory infections
(Thomas et al , 1968) hepatiis B (Reisenbuk
& Ioks [974) and after vaccimation with hve
atenuated mumps virus (kupers et al , 1970




The patient descnibed in this report had an
upper resp y m with
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(Cochrane & Koffler, 1973) Neutrophils mav
be attracted to the sites of immune complex

the first symptoms of the disease D: of

the infectious agent was not achieved How-
ever, this does not rule out a viral aetiology,
as, for example, rhunoviruses would not have
been diagnosed by the methods employed
Other mvesngators have also reported upper

n with
Cogan’s syndrome (Albnite & Resmch, 1961,
Cogan, 1945)

Immune complex disease due to viral infec-
tions has previously been reported Thus,
glomerulonephnus in expenmental anmmals
chromeally infected with lactate dehydro
genase virus (Notkins et al , 1966), lympho
cytic chroriomeningiis virus (Oldstone &
Dixon 1970) and Aleutian disease virus (Por-
ter & Larsen, 1967), have been shown to be
caused by arculating virus antibody com-
plexes Lactate dehydrogenase virus (Michae
Iides & Schlesinger, 1974) and lymphocyuc

chor virus (H ka & Hotchin,
1969) have also been shown to cause a selec-
tive dep of the T cell In man,

Gocke et al {1971) found circulating immune
complexes composing HB,AG in patients with
penartenitis nodosa

The mechamism by which immune com
plexes are deposited m the tissues and give
injury 1s not known m every detasl However
mmmune complexes induce the clumpmg of
platelets which with the participation of anti
gen sensitized basophiles release vasoactive
amines The amines increase vascular perme
ability, and large complexes may be deposited
m the tissues by a process of filtration

d by 1l diated processes
and release consmuenxs capable of digesting
and ijuning the tissues (Henson 1971) Inad
dition, immune complexes may activate com
ponents of the clotting system and cause the
deposition of fibrin (Allisonetal  §972)

The aural lesion of Cogan’s syndrome might
well ongmate from the cochlea (Djupesland
et al, 1974, Sernins et al , 1963, Wolff et al
1965) Fisher & Hellstrom (1961) found mono-
nuclear infiltrates 1n the cochlear spiral liga
ment and a dense coagulum 1n the cochlear
duct and the semmcircular canals  According
to our findings, 1t appears reasonable to as
sume that these derangements mught be due
to crrculating or locally produced immune
complexes dep d in the endolymph
spaces leading to an impaired function of the
sensory neural cells The new bone formation
within the labyninth reported by Wolff et al
{1965) would be secondary to the inflammatory
reaction (Kuntscher, 1967)

ZUSAMMENFASSUNG

Es wurde das Immunsystem emes Falles mit Cogan s
Syndrom D

der zellgebundenen Immunitat wurde gefunden Demge

maB war wahrend der akuten Phase der Erhrankung emne
Depression der cutanen Reakton vom verzogernden Typ
mut PPD und emne Verminderung der T Zellzaht vorhan

den  Auch fanden sich Zeichen von Komplementver

brauch e Moghchkeit emer Pathogenese auf Grund
von Immunovorgangen 1im Zusammenhang mut einer vor

ausgegangenen Virusinfektion wurde diskutiert

List of references mav be requested from the authors
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CONCENTRATION OF IMMUNOGLOBULINS IN NASAL SECRETION
FROM CHILDREN WITH RECURRENT INFECTIONS
IN THE UPPER AIRWAYS

N MygindandJ -A Wihl

From the Otopathological Laboratory Unnersity ENT Climic Rigshospitalet Copenhagen Denmark
and the Unn ersity ENT Clinic Allmanna Spukhuset Malmo Sweden

Abstracr  Concentrations of immunoglobuln G (IgG)
IgA I2E and albumun were determined in nasal secretion
from 13 children suffering from chromeally recurrent in
fections 1n the upper airways and from normat subjects
The only statistically sigmficant difference observed was
increased albunun values duning infection

s

C ly recurrent in the upper
airways of children represent a challenge to
the otorhinolaryngologist, both in chimceal and
1n scientific work

For obvious reasons, attempts to discover
anmmunological etiology of the diseases have
been made The results obtained by modern

-~ Immunological methods have so far been dis-
p g as d -able de
/ficxencnes are found to account for only a very

small part of the cases (Berdal et al , 1976)
Obviously these findings do not exclude that
we In the future by means of more advanced
mmmunological methods will be able to dis
cover defi as et | fac
tors 1 a larger part of children with pro
nounced tendency for upper airway infec-
tions

In all cases of infection mmune reactions
are tmportant factors which partly render the
ndividual resistant to the nucro orgamisms,

cous membrane during recurrent mfections,
we carried out an mvestigatron of the quanti
ties of immunoglobulin G (IgG), IgA, IgE and
albumin n nasal secretion from children,
representing particularly severe cases of con
stantly recurrent infections i the upper air
ways

PATIENTS AND METHODS

A total of 14 patients were included mn the
study Their average age was 3 4 years (range
2-11 years) They represent some of the most
troublesome cases with recurrent upper atr
way infections, seen at the ENT chimic All
manna Sjukhuset, Malmo This ENT cluic
1s the only one availaple for about 200000 sub
Jects
In all patients, nasal secretion was collected
both 1n the acute wfectious state and 1n 2
symptom free period As control subjects
were used 10 children of the same age ad
mutted to the chnic for other diseases which
were not mfectious, allergic or involved the
airways All samples were collected betwee
10am and2pm

Secretion was obtained by filter pap¢
placed 1n the nasal cavity As the filter pape
was d before and after it was placed 1

and partly contribute to the infl y reac-
tions and ¢ q ly to the sy
‘Therefore, a detatled and exact description

the nose, results can be given n absolute va
ues IgG, IgA and albumin were determine:

f the ymmune system duning airway
1s required As we have no exhaustive knowl
edge of the local immune system of the mu
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by a M radial S tech
mque and IgE by radio immuno-sorbent tech
mque Human serum was used as 2 standard
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Table I Protemn concentrations i nasal secretion of normal cluldren and children suffering

From chromceally recurrent infections 1 the upper airnays

25-75
No of Median percentile Mann Whitney
subjects (mg/100mh  (mgf100 ml) rank sum test
Alburmun  Patents infected period 4 220 108-300 <005
Patients non infected perod 10 61 37-116 } 4 p<0ol
Normal children 10 50 27- 80
IsG Patients nfected pertod 14 M 1914
Patents non infected pertod 10 30 17-63 No significant
Normal children 10 17 -39 differences
TgA Patients 1nfected period 3 260 1949
Patients, non infected pertod 10 20 1746 No sigmificant
Normal children 10 22 15-33 differences
IsE Patients infected penod 14 6 <58
Patients non tafected period 10 {5) <57 No significant
Normal children 10 5 <5-7 differences

* As serum IgA 1s used as a standard for determunation of secretion IgA it 1s most correct to multiply the actual IgA

values by a factor of 2 S
® AIlTgE values are Unuts/ml

also for IgA All determinations were carned
out on clear, sterile find passed through a
Millipore filter The methods are descnbed in
greater detail elsewhere (Mygind et al , 1975)

RESULTS

Data are few and the scatter of the stgle de
termations high Therefore, the results are
given as median and percentiles Ind

DISCUSSION

In the children with recurrent upper-airway
infections the average albumun concentration
dunng infection was 4} umes higher than the
normal average value, due to vascular leakage
of serum protems When the patients were
without signs and symptoms of infection the
albunun level was normal

The shght and insigmificant increase of 1gG

of mean and standard deviation would be in-
correct and musleading From Table I 1s seen
that the only sigmficant difference was ele-
vated albumin values m the patients dunng
infection IgG was slightly and insigmificantly
raised n the pattents, both in infected and 1in
non infected periods No differences were
found for IgA and IgE

The collection method worked satisfactonly
in most children  As the procedure produced
weeping 1n some of the children, the nasal
secretion was contaminated with tears

For the low IgE levels no exact values can
be given, as the determinations are rather un
certain the border of the method's sensitivity
Due to dilution with saline, results of analyses
had to be multiplied by a factor of 2-5

dunng mfe persisted d dunng
chinrcal non-nfectious periods Therefore it
15 reasonable to suggest that these patients
also 1n symptom free peniods, have an in-
ereased local 1gG production, hike that found
n patients suffening from chronic purulent
shinins (Brandizaeg, 1974)

In most cases the amounts of IgE deter-
mined were so low as to be non-detectable or
borderhine values for what 1s detectable One
of the “normals™ had a sigmficantly raised
value (80 U/ml) without any symptoms of al-
Jergy It has previously been demonstrated
that patents suffering from hay fever and
especially nasal polyps often have raised IgE
values m nasal secretion (=15 U/ml) (Mygind
et al, 1975) The low IgE level found in -
fected children demonstrates that the high
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IgE values in hay fever and nasal polyposis
are not merely due to hypersecretion and 1n-
flammation

We found no differences in the concentra-
ttons of IgA, between patients with recurrent
upper-airway fections and normals, or be-
tween infected and non infected states Other
mvestigators have suggested that patients with
low IgA concentration 1n nasal secretion are
more susceptible to upper-airway infections
than those with high IgA values (Rossen et
al , 1970, McCormuch et al , 1972) It has also
been found in some investigations that the IgA
concentration increases duning acute infec-
tions (Cohen et al , 1970, Butler et al , 1970)

The mterpretation of these conflicting data
1s difficult and may nvolve methodological
considerations [t s a source of errors in pre-
vious studies, using nasal washings, that exact
absolute values cannot be given—an exception
1s the method used by Cohen and collabora-
tors When the results are given as mg per ml
of lavage fhud an elevated IgA value may as
well be due to a lmgh IgA concentration in
secretion as to a large amount of secretion,
obtamned by nasal lavage This source of un-
certamnty 1s ehmmated m the paperstrip meth-
od actually used, but also this method has
shortcomings, as 1t stimulates nasal and
lacnmal secretion While the admixture of

all quantitative analyses of nasal secretion it
must be required that the concentrations are
given in absolute values (mg/100 ml of secre
tion)
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ZUSAMMENFASSUNG

Ber 14 Kindern mit chromsch rezidivierenden Infekno
nen der oberen Luftwege wurden die Konzentrationet
von Immunoglobulin G (1gG) IgA IRE und Alburmnin
Nasensekret bestmmt Als einziger statistisch sigmfikan
ter Unterschred wurde eme Erhohung der Alburminwert
wahrend der Infekuon gefunden
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DIURNAL VARIATION OF NASAL PROTEIN CONCENTRATION

N Mygmd and ] Thomsen

From the 1 Laboratory U

Abstract In normal subjects a marked diurnal vanation
was disclosed 1n the concentrations of immunoglobulin
G (1gG) IgA and albumun m nasal secretion the nught
values being 4 5-5 5 umes hrgher than those during the
day Itis suggested that this 1s due to changing secretory
actmity of the nasal glands

Measurement of protetns mn nasal secretion
gives results far more vartable than the results
of corr ding serum deter While
normal limuts for immunoglobulin G (1gG) m
serum 1s 800-1680 mg/100 m! we found a
range of 6-80 mg/100 ml n nasal secretion of
normal subjects (Mygind et al, 1975) This
wide range reduces the value of protemn de
terminations i nasal secretion It 1s also a
sertous disadvantage that no generally ac
cepted and standardized method for the col
lection of nasal secretion exists In additron
concentrations of the mdividual protens are
usvally grven as percentages of total protemn,
and not 1n absolute values per ml of secretion
Therefore, attempts are required for ex
planing the considerable scatter of results
and for standardizing the collectton methods
A valuable contribution was made by Hughes
& Johnson (1973), who disclosed a marked
diurnal variation in nasal IgA concentratton
The purpose of the investigation reported
here was twofold (1) to repeat the study of
Hughes & Johnson with a coltection method
which gives the results 1 absolute values and
(2) to extend the dwurnal studies to IgG and
albumin

ty ENT Clinic [

Denmark

PATIENTS AND METHODS

Ten hospitalized patients from the ENT Chnic
participated 1n the investigation None of them
had diseases mvolving the upper respiratory
tract and none had a macroscopically abnor-
mal nasal mucosa All had a negative history
of allergic diseases and recurrent infections in
the arrways During one day nasal secretion
was collected at the following hours 08, 12,
16, 20, 24 and 04

To obtain nasal secretton two strps of fil
ter paper (50x 18 mm) were used The paper
strips were weighed together with a small
plastic tube and a stopper After filling the
tube with 0 8 ml of a solution contamntng 0 957
saline and 0 1% sodium acrd a new weight
was obtamed By use of nasal speculum the
filter paper was then placed in the nasal
cavity for 15 rmnutes After removal, the
paper was placed mn the sahne and stored at
~20°C On the day of analysis the plastic
tube, the stopper, the eluent fluid and the
secretion was wetghed again The amount of
secretion was calculated to be from 100 to 500
mg and the factor of dilution from 2 5109 The
solution was passed throngh a Millipore filter
(pore size 0 2 um), resulting 1 about 0 6 ml of
a clear and stenle flud The sample was dis
carded, 1f Hemastix paper strips showed con
tamuination with blood

Albumin, IgG and IgA were determmed by
radial immunodiffusion according to Mancint
Low concentration plates were used (Behring

Acta Orolaringol 82
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Fig ! Diurnal vanation of immunoglobulin G (IgG) IgA
and albumin concentrauons 1n nasal secretions from 10
normal subjects Average values (median values) are indi
cated (—+—«)

werke AG, Marburg) Serum imsmunoglobulins
were used as standards for all measured 1m

munoglobulins including IgA  As serum IgA
15 monomer and IgA 1n secretion mainly secre

tory IgA (dimer plus secretory component),
the procedure underestimates the IgA concen

tration by a factor of 2-3

RESULTS

All data are given in Fig 1 In every patient
there was a charactenstic circadian pattern for
all three protemns investigated The values in
creased somewhat dunng the daytime, and
constderably during the mght when the pa
tients were asleep Duning the morning con
centrations decreased rapidly Therefore the
period between 0% and 12 am was the only
ume of the day where concentrations could
both decrease and increase

The average (mediin) concentrations dur
tng the daytime (12am and 4 pm) were 35
mg/100 ml 1gG, 30" mg/100 ml IgA and 170
mg/100 ml albumin while the corresponding
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values during night (midmight and 04 am)
were 140, 80' and 590 All differences were
highly sigmficant (Wilcoxon s sign rank test
p<0001) This imples that the levels of nasal
1gG, IgA and albumin are 3—4 times higher dur
g mght than during daytime

Fig 1 clearly shows that there are marked
intenindividual differences  which are constant
during the day Apart from the early mormng
values, the determinations m the individual
patients vary during the 24 hours according to
a predictable pattern runnming parallel to the
average dwrnal figure

It 15 hereby demonstrated that marked mter
mndividual differences and a charactenstc
diurnal pattern account for a mayor part of the
very wide range withn which the total number
of determnations varies

DISCUSSION

Hughes & Johnson (1973) found a marked
drurnal variation of IgA concentration in nasal
secretion with low concentrations duning the
daytime and high concentrations during the
night These authors explained the observa
tion as being due to vanation mn focal IgA
production Even though the present study
disclosed almost the same drurnaf pattern
also mdicates that the varying IgA concentra
tion 15 more likely to be due to a changing
amount of secretion produced

For explaimng this statement a discription
of the pathways of IgA, IgG and albumin
the nasal secretion 1s necessary Dumer IgA s
synthesized 1n peniglandular plasma cells and
actively transported through the glandular €p
thelhlum appearing in the secretion as S€cr¢
tory IgA IgG 1s partly synthesized by plasma
cells in the lamina propna and partly 2 transu
date product from the blood IgGin the tissue
fluid passes through the surface epithelum 10
the secretton Albumun 1s not symhesxzed n

t Asaserum IgA standard was used the values forlgAm
secretion have to be multip! ed by a factor of 2 5



Duwrnal variation of nasal protein concentration

the nasal mucosa and all albumun in the secre-
tion 1s a transudate product from the blood

In the present study, identical diuvrnal vana
tions were found for all proteins wmvestigated
If differences 1n the production rate should ac
count for the dwurnal vanatton—as cltaimed by
Hughes & Johnson—parallel changes should
occur 1n quite different processes such as
glandular * secretion” of secretory IgA, local
IgG production m the mucosa and leakage of
plasma protems through blood vessels and ep1
thehum, which 1s unlihely

A large contnbution of mucus to the secre
tion may reduce the concentration of IgA, 1gG
and albumin, by adding a volume deficient in
these protems to the total amount of secre
tion If the production of serous secretion 1s

fl d by the same as produc
tion of saliva (Brandtzeg, 1971), a high secre-
tory activity 1s followed by a low mmuno-
globulin concentration Consequently changes
dunng the day tn the secretory rate of mucous
and serous secretions may very well account
for the observed dwurnal vamation i nasal
secretion protemns As 1s most evident 1n pa
tients with perenmal rhinits, but also m nor
mal subjects the secretory activity 1s pro-
nounced dunng the moming while the nasal
mucosa 18 drier in the night Particularly at
04 2 m , 1t was rather difficult to collect a suffi
cient amount of secretion for analysis

In conclusion nasal secretton for protein

1576299
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deter should be coll d dunng a
fixed penod of ttme in the day (e g 10am-
2 p m) and never n the early morming As the
dwirnal vanation 15 supposed to be a con-
sequence of changing secretory activity, no
constant dwrnal vanation 1s expected n
rhintis  pattents, with changing degrees of
nasal hypersecretion

It seems most reasonable to explan the ob-
served duernal vanation in IgG, IgA and al
bumin as a consequence of changing secre-
tory activity In our opimon, there ts no
evidence to suggest a diurnal vanation 1n the
production rate 1n the nasal mucosa

ZUSAMMENFASSUNG

Ber normalen Versuchspersonen wurden bedeutende tag
hche Vanationen von den Immunoglobulm-G{1gG)- IgA
und Albummnwerten im Nasensekret gefunden Die Nacht
werte zeigten sich 4.5-5 Smal hoher als die Tageswerte
Als Ursache denken wir uns Anderungen in der sekre
tonschen Aktivitat der Nasendrusen
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A NEW ANTI-ALLERGIC DRUG
ICI 74 917 AEROSOL

J Thomsenand N Mygind

From the O,

Laboratory Rigsh.

let Copenh, Depmark

Abstract Ten hay fever patents were challenged intra
nasally with allergen before half an hour 2 hours and 4
hours after sntranasal use of disodim cromoglycate
powder placebo and ICI 74 917 a new aerosoled com
pound with anh allergic action The new compound
showed a maxtmum protective effect after half an hour
and a significant difference was found also after 2 hours
The effect was also significantly better than that of di
sodium cromoglycate powder The resuits were postive
enough to make further human studies of ICI 74 917
desirable

One of the most significant advances to date
n the of allergic di m the

d

and better drugs with the same mode of action
as DSCG, 1e stabihzing the mast cells and
thereby inhibiting the immune determined de
granulation and liberation of histamine and

slow-reacting substance
ICI 74 917 1s a phenanthrolme with anti
allergic properties Adminstered intravenous
ly to rats at the same time as antigemc chal
lenge, it inhibited passive cutaneous anaphy-
laxis It was 300 imes more active than DSCG
m this model (Evans et al, 1974) As expen-
ments showed that the compound was not an
to h or 5 hydroxytrypta-

airways was the d yofd cromo
glycate (DSCG) Discovered by Altonyan
(1967) and ntroduced 1n 1968, DSCG has both

/'made an important contribution to our under

standing of some aspects of antigen antibody
Interactions and has come to be recognized
as a valuable agent i the treatment of some
types of asthma and rhimtis However, in the

mune, these findings suggest that ICI 74 917
1s an mhibitor of mediator release induced by
I2E like antibodies (Evans & Thomson, 1975)

On the basis of its anti ailergic properties
and Jack of toxicity in animal studies there was
good reason to investigate whether this com-
pound 15 active 1 the prophylaxss of allergic
arway di t man

treatment DSCG has some shor )
It does not act in all patients suffering from al-
lergic asthma and rhumus (Brogden et al,
1974) (2) As the single dose s large, the
drug cannot be given in an aerosol but has to
be given as a powder (3) The duration of the
maximum protecttve effect 1s short making a
continyous protection of the patients during
the day and particularly during the might dif
ficult to maintain (Georg et al 1973, Brogden
etal, 1974)

Therefore several attempts have been made
in pharmaceutical €ompanies to develop new
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The purpose of the actual trial was to efuct-
date three main problems (1) Is the compound
active m man? (2) What 1s the degree of ef-
ficacy as compared with DSCG? (3) How long
1s the duration of the protective effect? To
solve these problems serial intranasal allergen
challenges in hay fever patients was a method
found suttable for the purpose

Ten young persons suffering from grass-
pollen hay fever were studied in February-
Apnl, 1e outside the grass pollen season
Each person was exposed to sersal intranasal
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Fig 1 Mean nasal symptom scores by intranasal allergen
challenges before half an hour 2 hours and 4 hours after
intranasal use of the drug or placebo The pre treatment
value 1n the individual patient constitutes 100 ¢

allergen challenges on three occasions at 1n
tervals of at least one week The
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are necessary Secondly, the symptoms are
difficult to quantify 1n an objective and reh-
able way The parameters used for scientific
work are measurements of nasal airvay re
sistance by rhinomanometry This method was
supposed to be less sutable for the actual pur
pose, seral challenges Therefore we decided
to measure the two other rhinitis symptoms,
sneezing and rhinorthoea After some pilot
studies the following procedure was found
simple and sufficiently reliable for our pur-
pose 1 diately after the ch the test
person assumed a “‘praying” position the head
bent forward and the hands folded For a
peniod of 15 minutes the subject counted and
recorded the number of sneezes and dnps
from the nose These were added together to
give the “sneeze-dnp™ score

In a pretnal session the allergen dosage for
each subject was determuned A sneeze drip
score between 15 and 30 was found suitable
In three subjects 2000-6000 grass pollen
grains were apphed intranasally by means of a
rubber balloon and a capillary tube In seven
025 m! of a dialysed allergen extract was

sprayed [ly The ton vaned

were carred out with the same allergen dosagze
each time before half an hour 2 hours and
4 hours after the administration of the drug
The three treatments given m random order
to each test person were (1)0 5 mg ICI 74 917
mto each nostril delivered from an aerosol
canister equipped wath a special nasal adaptor
(2) One puff nto each nostril of an identical
placebo aerosol (3) 10 mg DSCG powder mto
each nostnl delivered from the commercially
available Lomudal Nasal® applicator None of
the test persons had any expenence with
DSCG treatment beforehand Before each
challenge senies they were informed that the
aerosol/pownder might be active or placebo As
the invesugators knew the property of the
powder the trial was only double blind as
regards the aerosol

As 1s hnown from diagnostic chimical work
ntranasal allergen challenge 1s connected with
some problems First large allergen quantilies

from 1/20to 1/50 w/v Inall cases the allergen
was timothy grass

The first challenge was carmned out between
8 and 9 am When the nose was agam com
pletely normal, as checked by rhinoscopy
usually after one hour, the treatment was
given The subject was challenged half an
hour 2 hours and 4 hours after the treatment
was applied to the nasal mucosa Each time
the nostril with the best air flow was chosen
for challenge

RESULTS

ICI 74 917 was shown to have a partially pro-
tecuve effect on the allergen-challenged nasal
mucosa Half an hour after use the drug
showed maximum effect as the symptom
scores were significantly lower than after
use of placebo (p<0 01, Wilcoxon's sign rank
test) This was also the case after 2 hours The

Act
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effect decreased, and although there was a
tendency, no sigmficant difference was found
after 4 hours (Fig 1)

Signuficantly lower scores were found with
ICI 74 917 after half an hour and 2 hours, as
compared with DSCG (p<0 05) After 4 hours
a tendency, but no sigmificant difference, was
found After placebo treatment there was a
shght, but msignificantly higher symptom
score after each challenge Local hyposensi-
tization was no problem n obtarning a proper
hay fever attack even though these patients
were challenged more than 12 times over a
period of 1-12 months

Four seral challenges a day was the maxi
mum After this, most patients had nasal
symptoms for some days These troubles were
alleviated by giving the patients xylometa-
zoline (Otnvin® and beclomethasone di-
pr aerosol (B ®) for 2 days af-
ter each challenge series In all cases, at least
one week was allowed to pass between the
end of one treatment and the start of the next
challenge senes

DISCUSSION

The tnal showed that ICI 74 917 has a protec-
tive effect on the allergen challenged human
respiratory mucosa In the tnal, the effect was
supenor to that of DSCG This may be due to
the distnibution of the aerosoled ICI 74 917,
which 1s more similar to that of the sprayed
allergen than the distrbution of the DSCG
powder, which as judged by rhinoscopy, 1s
poor The major part of the powder 1s vistble
mn the vestibule and the antenor third of the
nasal cavity tmmedrately on a proper delivery
procedure As ICI 74 917 was found 300 times
more active 1n the rat passive cutaneous
anaphylaxis system 1t is also possible that
ICI 74 917 15 the most active drug 1n human
challenge situations The fact that the degree
of DSCG protection in our trial was less than
that found n other tntranasal challenges (Eng

strom, 1971, One et al 1970, Taylor & Shi

valkar, 1971) 1s probably due to the very large
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allergen dosage used in this tnal This may
possibly also explain why we—unlike Taylor
& Shivalkar (1972)—did not find a local hypo-
sensitization after several challenges

One of the major shortcomings tn the DSCG
treatment of allergic diseases of the arrways 1s
the relatively short duration of the maximum
protective effect, maksmg 1t difficult to obtam
a continuous protection, particufarly dunng
the mght (Georg et al, 1973) The present
study mdicates that ICI 74 917 1s supenior n
thus respect, even though exact conclusions as
to the duration of action of the drug cannot be
drawn from our results

1t may very well be an advance in the treat
ment of allergic diseases, especially in the
lower airways, that the active dose 1s less than
2 mg so that it can be delivered by a pres
sunized aerosol, which probably gives a better
distribution on the mucosa than the powder
delvery systems An aerosol 1s also more
readily accepted by the patients, and a more
frequent use may be tolerated However,
these statements have to be confirmed by
chnical tnals 1 which allergens are presented
to the mucous membrane i a more “physio
logical” way In concluston the result of our
trial shows that ICI 74 917 1s active, and fur-
ther human trials are therefore desirable

The method used was very sumple and
suited for the purpose, but not totally satis-
factory as the allergen doses had to be very
high, and the scores varied considerably from
tme to time A combination of the sneeze
drip score and measurements of amva}’Af‘

by rh y 15 supposed 1©
be the method of choice
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Stunden und vier Stunden rach nasaler Anwendung von
Dinatriumcromoglycat Pulver einem unwirksamen Mittel
und ICI 74 917 emmer neuen arosolen Zusammensetzung
mut antiallergischer Wirkung Das neve Heilmittel zeigte
ein Maximum an schutzender Wurkung nach emner halben
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pach zwer Stunden festgestellt Die Wirkung war auch
bedeutend besser als die von Dmatnumcromoglycat
Pulver Die Resultate waren pouitiv genug um wetere
menschliche Versuche wunschenswert zu machen
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GENETIC ASPECTS OF SOME OROFACIAL ANOMALIES

E Dahl

Frorm the Department of Orthodontics Royal Dental College Copenhagen Denmark

Abstract The increased importance of congenital anoma
lies in childhood disease 1s stressed It 1s suggested that
treatment and research 1 congemital cramiofactal anoma
lies would benefit from centralized registration Therr
chnical management should be delegated to centres with
a muludisciphinary team Some problems related to gen
etc Ihing and 1d: of fe are
lustrated by cleft hp and palate An account 1s given of
some orofacial anomalies

The devel of the di and the
cramiofacral structures 1s considerably influ-
enced by genetic factors, and many anoma-
lies 1n thus region display a hereditary pattern

The conquest of nutrittonal and infectious
diseases m nfants in the developed countries

portant sources of commumication the facial
appearance and the organs of speech hear
ing and vision  They represent a considerable
medical and social problem

Some ¢ factal lies are
caused by a genotype which expresses itself 1
virtually all environments, others by chromo
some aberrations and a few are caused by
non recurrent  environmental damage The
majority, however, 1s mulnfactoral, 1€ a
combined action of deviations wn several gene
positions and environmental factors Even
within one clinical category, such as facial
clefts, some cases may have a major genetic
component, and other cases chnically m
i ble from them, may have a major

1 cr:

d the lies as a
major factor in childhood disease (Warkany,
1971)

The exact prevalence of congemtal cramo-
facial anomahes ts unknown Qnly for cleft lip
and palate are reltable incidence figures avail
able From the centralized recording of cleft
deformities in Denmark the prevalence at birth
5 d to be 2 per th d {Fogh An
dersen 1966) According to this approximate
ly 600 children with facial clefts will be born
annually in Scandinavia A centrahzed record

environmental cause Therefore no classifica
tion of the anomalies by their heredity 1s at
tempted

Clintcal management of craniofacial anoma
lies often presents complex problems which
nvolve several professional disciplines This
1s exemplified by the service given to clefl hip
and palate patients who need care from the
specialties of plastic surgery dentistrys oto-
rhinolaryngology and speech therapy Ex
penence has shown that optimal rehabilitatioft
15 best ot d 1n centres where the numbef

ng of other | cr:
would highly facthtate the delmeation of the
chintcal problems and their appropnate man
agement tn these patrents and would reader
1 possible to observe vanations in prevalence

1 ltes of the facial
struclunres affect some of mans most 1m
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of patients 1s sufficient 1o establish compre
hensive clinical experience and relable data
for research It 1s suggested that treatment
and research n other cramiofacial anomahes
would benefit from a siilar integrated mult
disciphnary approach



Genetic aspects of some orofacial anomalies

The final aim of the study of congemital
anomahes 1s prevention To this end, aetio-
logical factors must be found and their iter
action exp) d In most 1 disor-
ders, the aetiology 15 unknown, and at
present the most obvious prophylactic pos-
stbilities still seem to be the control of environ-
mental teratogenic factors and genetic coun
seling Some principal problems in genetic
counselling can be illustrated by cleft lip and
palate Fogh Andersen (1942) was able to
show that cleft ip with or without cleft palate
1s genetically different from isolated cleft
palate The former 1s found more often 1n
males and the latter more frequently i fe
males Only occasionally do the two types
occur n the same family, and the nisk of re-
currence 1s somewhat different

The common types of clefts are compatible
with a mulufactonal threshold model (Fraser,
1970) If one parent 1s affected, the nsk for the
first child 1s 3-5% If the cleft 1s part of a
syndrome, the mode of mhertance 1s often
quite different Over 100 syndromes are
known (Gorlin et al, 1971, Gorlin & Cer-
venka, 1974) that mvolve clefts of the lip or
palate About one third of them are caused by
major mutant genes As an example may be
mentioned the combinration of cleft hp and
palate and paramedian fistulae of the lower
Iip, which 1s transmitted as an 1
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m close relatives of persons with the defect
than 1n the general poputation This appears
to be true for cleft uvula and submucous cleft
palate, whereas 1t 1s questionable for nasal
asymmetry and does not seem to be true for
missing maxllary lateral mncisors  Roent-
gen-cephalometnc studies show that clefts of
the secondary palate are often accompanied
by characteristic changes wn facial shape and
that differences tn this respect exist between
different types of cleft (Dahl, 1970) Further
studies are needed to reveal if such traits can
discnminate genetic susceptibility

An account of some genetically determined
orofacral anomahes 1s given below

Amelogenesis imperfecta, m which the
tooth enamel exhibits varying types of defect,
1s an example of a hereditary anomaly loca-
[ized to the dentition Dentinogenesis imper-
fecta ts mhented as an autosomal dominant
trait with variable expressivity, but with a lugh
degree of penetrance It occurs as an inde-
pendent trait or as part of the osteogenesis
imperfecta syndrome

Most cases of hypodonna (congemtal ab-
sence of some of the teeth) are probably de-
termined by genetic factors The condition 1s
generally a local one, but may be one mam-
festation of a generalized ectodermal defect

Clerdocramal dysostosis 1s nhertted as an

trait alth h

dominant trait This shows that accurate
dehneatton of separate entittes within cate-
gories can improve the quality of genetic coun
seling A corresponding subdivision may be
possible 1n a number of the classical syn
dromes

Another genetic approach 1s concerned with
wdentifying those individuals 1n a population
who carry a gene for a given affection, but
who do not clearly demonstrate the pheno-
type for that gene This implies that accurate
defimtion of the phenotype 1s most important
In connection with cleft hp and palate a num
ber of structural deviations related to the cleft
region have been suggested as microforms of
the cleft which should occur more frequently

ous cases are quite common The anomaly
presents itseif as an ossification defect, espe

cially although not exclusively, of the mem-
branous bones and mamly localized n the
midhine The patients are usually short The
head 1s brachycephahic with frontal and pane-
tal bossing  Closure of fontanelles and sutures
1s delayed and the lack of fusion of the frontal
bones may extend into the nasal process re-
sulting m a depression of the root of the
nose Wormean bones are formed in the suture
Iines The mandibular symphysis may remain
open The oral manfestations include super-
numerary teeth, and tooth eruption 1s de

layed or absent Submucous cleft palate may
occur. There 1s aplasia or hypoplasia of the

4eta
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clavicles, which permits a remarkable range
of shoulder movement Other sheletal devia-
tions are reported, e g of the pelvic bones
Premature closure of sutures in the neuro-
cramum and facial skeleton s the cause of a
series of craniofacial anomalies If localized
in the neurocramum, they result in morpho-
logical changes, e g oxycephaly when the
coronal suture 15 synostosed and scapho
cephaly when the sagittal suture 1s prema-
turely closed These simple crantal synostoses
usually exhibit no genetic transmussion But in
these cases, too, the combination with other
anomalies can alter the pattern of inhentance
Thus, the combination of oxycephaly and syn
dactyly between the 2nd and 3rd fingers
(Saethre-Chotzen syndrome) exhibits auto-
somal dominant ithentance (Kretborg et al ,
1972) In cramofacial dysostosts (Crouzon
syndrome), premature synostosts occurs In
calvaman sutures, possibly in sutures of the
cranial base, and in maxillary sutures An
autosomal domunant inhentance has been
shown The cranrofacial growth s consider-
ably disturbed The synostosis may be pro-
gressive, and the deviations aggravate during
growth The head 1s brachycephalic, marked
digital tmpresstons are seen n radiographs of
the skull, the sella turcica 1s large and the
Jorbits are shallow, which contnibutes to the
characteristic exophthalmos The arrest of
growth of the midfacial sutures results in an
ncreasing dispanty n the facial skeleton
Secondary involvement of the optic nerve and
other neurological symptoms can be found
Otocraniofacial syndromes or first and sec
ond visceral arch anomalies include a wide
spectrum of constellations of symptoms Thewr
proper delineation developmental relations
and causal mechamsms are sull obscure
Mandibulofacial dysostosts (Treacher Collin
syndrome) 1s mhented as an autosomal domt-
pant trait with variable expressivity and 1n
complete penetrance, but sporadic cases are
not uncommon The major features clude
hypoplasta of the malar bones, antimongoloid
slant of palpebral fissures coloboma of the
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lower lid, and dysplasia of the mandible Ear
anomales, macrostomia and cleft palate may
occur The soft tissues are often poorly de
veloped The combmation of symptoms and
the degree of therr mamifestation may vary
constderably In sts full expression the skeletal
deviations include the sphenoid and the tem
poral bones (Poswillo, 1973, Dahi et al , 1975),
which are not developed from the first or sec
ond branchial arch The anomaly has been
explained as a regtonal, embryological vas
cular defect The charactenistic facial shape
1s mamtained relatively unchanged duning
growth

Henrufacial microsonua and Goldenhar s\
drome are ples of umlateral
facial anomalies They do not seem to show
genetic tr and the are
somewhat different from mandibulofacial
dysostosis, e g there 1s often larger 1nvolve
ment of the outer ear

ZUSAMMENFASSUNG

Die von Anomalien
wird betont Zentralisierte Registnerung ist fur :ﬁe l?e
handlung und g der

A lien sehr Die khische
von diesen Anomalten soflte tn Zentren mit emem mult
disziphinaren Team stattfinden Einige Probleme der ge
netischen Beratang und der Identifizierung von Mikro-
formen werden durch Lippen Kiefer Gaumenspalte dlu
surar :!imgrmm&nmk:ﬁmmﬂlnr-\\m‘l’l‘J‘s'sWOChC“
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HEREDITY AND SYMPTOMS IN ACROMEGALY

J E G Kinnman

From the Department of Otolaryngology

Karolinska spukhuset and King Gustaf V

Research Insttute Stockholm Sw eden

Abstract The author has performed chmcal and follow
vp studies of 80 acromegalic patients treated by trans
anthro-sphenoidal removal of the pitutary adenoma
Heredity for acromegaly or gigantism was recorded in
38% of the pabents and other heredstary factors 1n
138¢ Head trauma memngiis or encephalitts was
recorded mn the case histories i 18 8% The predomu
nant symptoms were sweating paracsthestae headache
and joint pain A ly was in 37 6% with
goitre parathyrord adenoma gastric or duodenal ulcer
parotid tumours or submandibular swetling The fecundity
among the marned patients was good 34 47 having
three or more chuldren Successful pregnancies occurred
after the transanthro-sphenoidal removal of the adenoma

Acromegaly 15 a disease which, untreated,
~leads to significant disability and shorteming

?f life expectancy through ntracramial exten
<510n of the tumour diabetes mellitus, hyper-

bol planch ly and ul ly
heart failure The lUfe expectancy of acro
megalic patients 1s shorter than that of patients
suffering  from non funcuomng  chromo
phobic” adenoma (Bakay 1950) Deaths in
acromegalic patients 1s more often due to
secondary effects of STH (somatotroptc hor
mone) overproduction than to local effects of
the tumour (Henderson 1938)

Davidoff (1926) stated that hereditary in
fluences on the disease exist although only 4
of the 100 patients in his senies had a definite
family history of acromegaly

A frequent early symptom of acromegaly 15
amenorrhoea in women and impotence and/
or decreased libido in men (Marne, 1886
1890, Cushing 1909) Davidoff (1926) in hus
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sentes of 100 patients with acromegaly, ob
served that the fecundity was below the usual
average, and the number of children born to
those who martied after the onset of the dis
ease was small

CASE MATERIAL

During the pertod 1961-1972, 47 male and 33
female pattents with acromegaly were treated
with transanthro sphenoidal surgery for re
moval of the pituitary adenoma At operation
the majonty of patients (approx 6296) were it
the age group from 41 to 60 years The aver
age age at onset of the disease was estimated
to be 34 8 years

Only 1n three (male) patients did the family
tistory reveal that several members were of
high stature Diabetes melltus occurred
among relatives n five patients goire in
three, gastric ulcer 1n one, epilepsy In one
and osteogenesis imperfecta with otosclerosis
m one (Table I)

In four male patients, primary hyperpara
thyroidism had been established—gottre had
been diagnosed n two of these patients, and
one of them also suffered from duodenal !
cer and otosclerosts One of the patients i
this group had a pronounced submandibular
gland swelling and marked dryness of the
mouth

One patient had been operated on for a
carpal tunnel syndrome 5 years prior 10 the



Table I Hereditary factors, preitous diseases
and fecundity in 80 acromegalic patients
Values within parentheses are percentages

Males Females  Total

Hered for acromeg

o gigantism 364 0 308
Other hered factors 7(149 412 1) 11{138)
Head trauma 7(149) 3 (91 100259
Menmngitis ¢ (61} 229
Encephahitis 1 61y 338
Goitre 4 (85 973 13 (16 3)
Parathyr adenoma 4 85 4.
Gastnic or duodenal

ulcer 6(128) 2(61 8(10)
Vancose veins 1 3 on 4 (5)
Haemorrhods 6(128) 1 7 88
Parotid tumour 1 2 (25)
Swelling of sub-

mandibular gland 2683 1 338
Hearng dist %4 0 338

erma sqsn 1 10012 5}

Arnold Chian

anomaly 0 2 (61) 229
Epilepsy 0 260 229
Fecundity among married patients (n=61}

No chuldren a1y 640 10(16 4y
One 11305 6C40) 1727 9)
Two 10278 30120 13(213)
Three 5(139) 500 1016 4)
More than three 6(167) 5(00) 11(18 0)
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struation occurred i 78 7% of the women
At the time of operation mmpotence andfor
decreased sexual hitrdo were seen in 53 2%
of the male patients Psychic disturbances,
mainly 1n the form of moderate depression,
occurred 1n 36 2% among the male patients
and in 30 3% among the females

At the time of operation signs of ACTH in-
sufficiency occurred 1n 18 8% of the patients,
TSH 1n 138% and ADH (antidwretic hor-
mone)in7 5%

Pathological ntravenous glucose tolerance
test was seen 1 59 5% of the patients pre-
operatively—the postoperative regression rate
of acromegalic activity seemed to be best
correlated to a restitution of normal glucose
tolerance

DISCUSSION
The most commonly postulated theory of tu
mour genesis in the pitmtary gland s that of in-
creased hypophysxotmpxc stimulation from the

transanthro-sphenoidal surgery In another pa-
tent, a small mammary carcinoma was de-
tected at the ime when she was admitted for
pituitary surgery

Ten of the marned patients were childless,
but 349 had from 3 to 9 children

The weight height, blood pressure and
heart volumes are histed 1n Table 11

Increased pigmentation was seen in 14 95%
of the males and 1n 12 1% of the females Hy
pertrichosis was seen in 36 2% and 1n 39 4%,

hyp some cases possibly in-
duced by a pnmary end organ deficiency
(Russfield, 1968, Pelletier, 1971, Dontach,
1972) STH umquiely can stimulate both nor
mal and supranormal growth Many factors
are known to stimulate the STH release—
among these are hypoglycaema, prolonged
fasting, exercise, anaesthesia, surgery and
trauma (Glick et al, 1965, Trenkle, 1970,
Carey et al, 1971, Buckler, 1972) Theoret
cally, head trauma may disturb the hypo-
thalamic centre for the control of STH secre-
tion Encephalitis and menimngtis may act
the same way

In acromegaly, the frequent co-existence of
goxlre‘ the frequent occurrence of latent or

respectively
Increased persprration was the most com-
mon symp followed b; diab.

headache and joint pamn At the last follow-up,
total regression of the main symptoms was
noted in somewhat 70 % of the patients (Table
1) Total regression or improvement of the
clinical signs and symp of

mellitus amenorrhoea, hy
perpigmentation and asthema suggest a par-
tcipatton of the thyrod, pancreatic islets,
ovary and adrenal glands These symptoms
have been grouped together under the head-

activity was seen in 93 8% of the patents
Secondary amenorthoea or irregular men-

mg of pol syndrome (Cushing,
1912) It has been suggested that STH may
produce tumours 1n a number of organ sys-
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Table 1l Height, weight, STH, blood pressure
and relatne heart yvolume in 80 acromegalic
pauents

J E G Kinnman

Alast
At operation follow up
Males
Heght cm n=47
mean 179 5
range 166~207
Weight n=47 =45
mean 922 mean 978
range 66-127 range 66-137
STH ngfmd n=38 n=46
mean 550 mean 97
range 6-283 range 13-500
Blood press
mmHg
systohc n=47 n=45
mean 155 mean 149
range 110-210  range 110-200
diastolic n=47 n=45
mean 95 mean 92
range 60-160  range BD-130
Heart vol n=32 =18
mean 43% mean AR
range 350-720  range 290-800
Females
Hewght cm n=33
mean 654
range 152-174
Werght kg n=33 n=33
mean 677 mean 703
. range 54.78 range 3481
TH og/ml n=27 =R
mean 643 mean 502
S range 6-520 range 1 6-1 000
Blood press
mmH;
systohe ne3l3 a=3
mean (52 mean 150
range 100-220  range 110200
diastolic n=33 n=33
fean 95 mean 91
range 60-125 range 70-120
Heartvol mifm*  ne21 n=8
mean 432 mean 443

tange 300-620 range 370-530

tems, and acromegaly may be assocated with
pheochromocy , goitre  diab i
and endometriosis (Miller & Wynn 1971)
Peptic ulcers antedate the prutary symp
toms by § to 10 years and 1s often fulmnat
wng and wtractable (Roth & Vilardell  1960)
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Hyperplasia of the submandibular glands m
acromegalic patients has been observed occa
sionally (Benda, 1901, Ardran & Kemp, 1972)
—~the t of pl phic
of the parotid gland with acromegaly has been
reported by Gadrat et al , 1970

In a polysymptomatic disease as acromegaly
the question must, however, always be put
whether one or several of the symptoms and
signs may be caused by a co eustent patho
logical condiion

From the present relatively large semes no
definite conclustons can be drawn as regards
the influence of genetic factors 1n acromegaly
Such factors may, hovever, come 10 play 2
greater role 1n the future since the fecundity
among the pauents seems to be good and suc
cessful pregnancies without re activanon of
the disease have been observed after the
transanthro sphenoidal operation of the pitus
tary adenoma In this series the operation re
sulted m a high rate of regression of the acro-
megahic symptoms and at the same ftme nor
mal anterior pitwitary function was often re
stored

ZUSAMMENFASSUNG
Der Verfasser hat cine Kimische und Nachuntersuchung
an 80 Akromegalien unternommen die mut der trans
antro-sphenaidalen Operation des Hypophysentumors be-
handelt waren Hereditat fur Akromegaie oder G
nsay sl b X80 der Panenten gefunden und an

Table 11 Symptoms and signs 1n 80 acro-
megahc panents

Regres-
At Atlast son
operation  follow up (%)
Sweating 7000 198 76
Paraesihesia 544675 137H WL
Headache BEbe  wIn 7!
Jount pain 76y 0 19
Soft ussue swelh
ace " 79988) 48¢alm 393
Hands and feet (988 SS(6/7) 304
Skeletal changes
Head and face 76930 76¢950) Q
Hands and feet TI{888) 71(8R8) O




dere hereditare Faktoren in 13 8% Schadeltrauma Me
ningius oder halits 1n 18.8% Die d

p! waren P Kopf und
Gelenkschmerzen Die Akromegahe war i 37 6% von
Kropf Parathyreoideadenome Ulcus ventniculi oder duo-
dent Parotistumor oder Schwellung der Glandula sub-

Heredit and symptoms in acromegah 233
mandibulans begleitet Ungefahr 34 der verherrateten
Pauenten hatten dre: oder mehr Kinder E nige Patenten
hatten nach der Hypophysenoperation etne normale
Schwangerschaft.

Reference hist can be required from the author
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TWO FAMILIES WITH ALPORT'S SYNDROME

L M Odkvist, P Kylenand M Lundberg

From the ENT Department Regional and Unn ersin Hospital
Linkoping Swueden

Abstract Alport’s syndrome 15 a hereditary disease stnk
ing cochlea eye and kidney The diseased women usually
have a nonlethal degree of the kidney disease but the
prognosis for the men 15 worse They often dre from renal
falure before the age of 35 Most cases of heanng loss
occurs 1in men The heanng loss 1s progressive after the
age of 10 Audiol tests are for a
cochlear lesion  The debut of the disease usually appears
i the post natal period giving mucroscopic hacmaturia
It can however occur later with haematuria and protein
una The heanng Joss may be the first symptom which
1s an observandum to otologists Two families with Al
port s syndrome are descnbed The paticnts have been
examined concernung kidney disease audrotogical and
vestibular pathology The hereditary pattern 1s described

A C Alport 1927 descnbed a famuly with a
hereditary kidney disease and hearing loss, a
/syndrome that after a suggestion by Wilkam

son (1961) carnes the name Alport's syn-
drome This syndrome has often been studied
1n journals for internal medicine but heretofore
the otological side of 1t with a few exceptions
has been neglected Hence we feel it important
to describe two families with Alport’s syn

drome to otologists

CASE REPORT

At the Renal chinic and the Andiological clinic,
Unwersity Hosprtal in Linkoping two famultes
with Alport’s syndrome have been examined

In famuly A (Fig 1) the primary case 1s a
woman, now 60 years of age As far as it 1s
known this ts the first patrent with signs of
renal disease tn the fanuly Her symptoms are

Acta Onlarvagal 8%

mtermittent haematuna and albummuna with
out any sign of renal falure Her heanng
ability s normal She and her healthy hus
band have 3 children, tin Fig 1 named All,
AIIl and AIV, who since child hood have
had haematuna and proteinuna The son ATl
at the age of 20 developed a renal failure and
succumbed after a renal transplant at the age
of 26 His hearing was normal

The son, All, at the age of 34 has a moder
ate renal function weakness Since the age of
10 he has had a progressive heanng loss His
heaning has been checked several times since
the age of 26 His heanng loss by then was a
70 dB flat loss on the nght side and on the left
side 40 dB His hearing loss has been progres-
sive Speech audiometry, Bekésy audiometry
and SISI give a cochlear prcture His electro-
nystagmogram 1s normal with symmetncal
calornic reactions

ATl has two daughters with normal heanng
but intermuttent haematuria (A V and AVD

A daughter of the patent Al (AIV) has 3
shight hidney disease without repal falure and
a normal heaning, and her daughter (A VID
has the same symptoms

According to verbal legend 1t 1s hnown that
within the family B several relatives i former
generations have died from renal failure. and
heanng Josses have been common

B1 died 1941 from a renal disease and had
heanngloss No heanng tests were performtd
BI had 6 children, two with her first husband
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Fig 1 Pedigree for two families with Alpors 5 syndrome

and four with her second one Both men were
healthy The son BII at the age of 39 has a
renal affectron with slightly increased serum
creatinine He has had a heanng loss since
the age of 10 The hearing loss has not been
progresstve beyond the 60 dB level (see Fxg
2) Itis of a sensonneural type,
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disease s mhented (Perkoff, 1967, Stephens
et al , 1951, Graham, 1959, Shaw et al , 1961,
Arnott et al , 1966, Sarre et al , 1966, Karl-
berg, 1968 ) The disease 1s most commonly
transmitted through mothers having the syn-
drome, but hentance through fathers may oc-
cur, and sometimes the transmuftance goes
through symptom-free parents No certain
proof has been given for a connection be-
tween chromosome changes and Alport’s syn-
drome, although 1t 1s hkely that there are
chromosome changes The gene seems to be
sex-tnfluenced and not totally penetrant

Pathogenesis

Several theones concermung the pathogenests
have been suggested by different authors
Goldbloom et al (1957) suspect an inhented
enzyme defect with progressive accumulation
of a toxic substance Johnson & Hagan (1965)
support this theory Perkoff et al (1958) are
suggesting a defect hpid metabolism with
secondary changes in cochlea and hidney
Iversen (1974) has a theory concerming a
specific collagen defect in the patients and
that this defect collagen 1s specific for the
basilar membrane 1n the glomerulus, cochlea
and lens Hmglais et al (1972) support this

gving the pattern of a cochlear lesion HIS
nystagmogram 1s normal It is mteresting to
note that a healthy brother, BII, has a son
aged 6 with renal disease His hearing 1s nor-
mal BIV)

BIII half sister to BIT
fathers, has a mici

her daughter and grand daughler @BIV,BVI),
all of them showing normal audiograms

DISCUSSION
Heredity

Several authors after having studied
families with Alports syndrome have pro-
posed different theonies concerning how the
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theory concerning degenerations m collagen
tissue

Morphology

Kidney The histopathological picture 1n the
kidney usually has features 1n common with
glomerulonephntis, mterstitial nephniis and
secondary pyelonephritis The glomerulone-
phritelike alterations consist of thickening and
hy 1on of capillary b membrane
i glomeruh Some glomerul remain intact
The charactenstic sign seems to be the pres-
ence of foam cells At immuno-fluorescence
microscopy no positive reactions for immuno
globuline have been found Renal biopsies in
our material so far has not succeeded to show
any pathology

Cochlea Lachhemm et al (1968) have found
collagen changes m the organ of Cortt 1n some
cases Crawfurd et al (1968) 1n one case de-
scnibe atrophy of the organ of Cortt and foam
cells 1n the saccus endolymphaticus, changes
also descnibed by Gregg & Becker (1963)

Eye Pathology tn the eye 1s unusual and 15
descnibed only in few cases The changes ap
pear 1n the lens and consist of cataracts,
lentrcular opacities and occastonally herato-
conus Some cases with retinopathy have been
descnbed (Chlson, 1963)

/s‘ymplam.\‘

The disease usually starts with a microscopt-
cal haematuna In the mayonty of the cases
this haematuna exists already 1n the post natal
penod In women the disease usually includes
only an intermittent microscopic haematuna
and a shight proternuna without renal failure
Thus type of cases s n our faml;

present According to the literature a debut
with heanng loss 1s more common 1n some
families with the disease These cases start
ing with the hearing loss to the otologist 1s an
observandum not to forget questions about
heredity for hearing loss and renal disease i
his case hstory Unne tests may give the
diagnosts when a case of mexphcable sen
sorineural hearing loss is investigated

The audio! { picture 1s cochlear n our
cases as well as in the hiterature The heanng
loss 1n men usually progresses to a level that
give social problems Surditas 1s uncommon
In our farmilies we found no lenticular patho-
logy The first symptom noticeable when the
eye gets affected usually 1s myopta

Therapy

At present no treatment can cure the hrdney
disease or prevent its progress Ordinary dret

salt and water restrictions are used in cases of
renal fallure In several cases hemodialysis
has been used Several successful renal trans

plants have been descnibed m the hterature,
and 1t 15 also shown that patients with hered:

tary nephropathy has a somewhat better 2
year survival than other patients with hidney
transplants (The 9th report of the Renal
Transplant Registry, 1972 )

Conclusion

Alport s syndrome 1s a hereditary disease €on
cerning the hidney, cochlea and sometimes
the eye It 1s important to trace the cases a8
the prognosis may be pessima Early diagno-
sis 15 of value, as treatment may save the p3
tient for many years and hemodialysis and

AandB

Men more commonly run into a renal failure
causing death before the age of 35 This 1s
shown by case AIIl The heanng loss 1s most
common in men and starts after the age of 10
asn our cases All and BII It is important to
fnow that the disease may start with a hear
ing loss without symptoms of renal disease
Ths 15 pomnted out by Cassady et al (1965)
In our famhes A and B no such case 1s

Acra Orolaryngol 87

renal may be ry Know!
edge concerming this hereditary disease 1$ 1M
portant in family planming Early diagnosts
also gives the patient with a heanng loss the
chance to get a heanng axd before he has
suffered social problems due to his heanng
loss

ZUSAMMENFASSUNG

Alports Syndrom 15t cinc erbliche Krankhe t d £ an ld)‘:
Gehdrschnecke am Auge und an der Niere asfint



erkrankten Frauen haben im alflgemeinen einen nicht
totlichen Grad der Nierenkrankheit wahrend die Prog
nose fur Manner schlechter ist Diese sterben aft an Nie
renversagen bevor sie 35 Jahre alt werden Die mesten
Falle von Gehorverlust treten ber Mannern auf Der Ge
horverlust st fortschreitend rach emem Alter von [0
Jahren Audiologische Tests zetgen eine charaktenstische
Schneckengang Beschadigung Erstmalig tnit die Krank
heit gewohnlich 1n der Zeat nach der Geburt als mukro-
skopische Hamatuna auf Sie kann spater auch als Ha
matunia mut Pr 1 Der G

Kann das erste Symptom sein welches ein Obserandum
for Otologen 1t Es werden zwer Familien mit Alports
Syndrom beschneben Dic Patienten sind wegen Nieren

une og
untersucht worden Es wird benichtet daB die Krankheit
erblich ist
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LABYRINTHINE MALFORMATIONS

Genetical and Radiological Aspects

G EverbergandJ Jensen

From the ENT Department Sundby Hospral and the Radiological Department
Rugshospitalet Copenhagen Denmark

Abstract A famly 1s desenbed three members of which
presented progressive deafness of mxed type not pres
ent at birth The two hving mother and daughter, ex

Mhead mg oo

The findings being umique are discussed 1n the hght of

Brown Farrtor og Endicott s paper on progressive, non
deafness buted to wide cana
heulus cochlea

q n

Deafness with macr y
+ visible anomalies of the labyrinth 1s a particu-

larly challenging object for research since the
patho anatomucal background can be studied
radiologically

The Mondim malformation of the cochlea 1s
of special interest, partly because 1t has so
far been regarded as a well defined entity
and partly because 1t appears quite frequently
m patents with congenttal deafness

The malformation 1s charactenzed by a re
duction 1n the number of coils from 2§ to 14,
above which a cavity 1s present

Definte radiological demonstration of this
malformation was made by Jensen (1969), who
found 5 cases among 62 deaf children No
hereditary factor could be demonstrated tn
any of the cases

The present paper 1s a combimed chnical,
hereditary and radiological study of a famuly
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in which hearing imparrment, deafness and
Mondim-like malformation of the labyninth
were present (Fig 1)

The proband (AVH, 34 65, No 4 m the
pedigree) 1s a 10 year old girl, the first of o
children Pregnancy and delivery were unt
eventful, and n spite of her mother's deaf-
ness, there was no suspicron of heanng 1m
parment during her first years of hfe Her
speech seemed to develop late, but that was
ascribed to lack of stmulus m a home 10
whtch the mother was deaf To accelerate her
speech she was sent to a hindergarten where
medical routine examination revealed 3 heaf-
g impairment

Physical examination revealed a healthy-
looking girl of normal intelhigence who carned
out an almost normal conversation not least
due to a well developed capability of lp-
reading Otoscopy was normal Audiometn
(Fig 2) showed a severe heaning impairmen’
on the left side, which in the bass seemed al
most exclusively conductive, while 10 the
treble 1t seemed perceptive

In the nght ear a severe conductive heanni
impairment was found m the bass—almos!
identical with the finding i the feft et ir
the treble, a moderate. mamnly perceptne
heanng impairment was found

In the calorica esnbular examuation gt
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Fig I Pedigree of the famuly Nos 1 3 and 4 affected
members No 2 nght sided deafaess from temporal frac
ture (hospital case record)

tion of the nght ear with 30°C water released
a raptd honzontal nystagmus to the left of 130
seconds’ duration On the left side, there was
1o reaction after imgation with 10°, 30° and
44° water

Radiological  exanunanon  Tomography
was performed with the Philips Massiot Poly
tome (hypocycloid blumng) For the evalua
tion of the outer ear, muddle ear, the semi
circular canals and the internal acoustic mea-
tus the antero posterior projection was used
and the structures mentioned were all normal
apart from a shight widemng of the lateral sermi-
arrcular canals

For the evaluation of the cochlea the axial-
Py dal proy was employed On the
nght side, a normal basal and a normal muddle
coi1l were found The apical coil could not be
seen The canahculus cochleae was of normal
width On the left stde (Fig 3), a normal basal
coil was found Above this, a cavity, repre-
senting the two upper coils, was seen The
canahculus cochlea was wider than on the
nght side, and wider than normal

The proband's mother (MH, 19 9 36) 1s 2 38~
year-old woman, who 1n her first years of hfe
developed normally Until the age of three she
heard the door bell and the telephone and she
learnt the usual words and small sentences,
but her speech development seemed delayed,
and she did not learn any songs (melodies)
Consequently, she was sent to a hindergarten,
where her hearing impairment was detected
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The heanng grew worse, and she spent her
school time 1n a school for deaf children

Physical examunation revealed normal oto-
scopic conditions Andiometry showed an al-
most total deafness with a threshold of 80—
100 dB

Caloric vestibular exanunation showed no
reaction on etther side to rrntation with 10°,
30° and 44° water.

Radiological exammnanion Onthe nght side,
the anteroposterior projection revealed a nor-
mal tympamc cavity, normal semicircular
canals and a normal internal acoustic meatus
The ossicles proved to be normal in the la-
teral projection The axial-pyramudal projec-
tion showed a two-storey cochlea, but no
cavity The canahiculus cochleae could not be
dentified

On the left side, the anteroposterior projec-
tion (Fig 4) showed a normal external acoustic
meatus The tympamc cavity was reduced n
height—no attic was present The vestibular
and semcircular canals were normal, but the
level of the lateral sermcircular canal was ab-
normally high, above the floor of the middle
cranial cavity The ossicles were malformed
and appeared as trregular osseous structures

The axial-pyramidal projection showed a
normal basal coil above which a cavity was
found, just as in the proband’s left ear The de
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w. .

Fig 3 Axal pyram dal view of the proband s left ear
show ng the Mond m cav ty i the cochlea

ceased paternal grandmother of this woman
was allegedly hard of heartng from her youth

although she had worked as a saleswoman

From the age of 50 she had been nearly deaf
and had to wear a hearmg aid (No 1 1n the
pedigree)

DISCUSSION

)l}us farmly has three deaf members and the
#two living mother and daughter present ap
parently genetically caused malformations of
the labyrinth
Audiol lly and radiol lly the two
patients are peculiar It 1s noteworthy that the
hearing impairment was discovered at the age
of three 1n the mother and at the age of five 1n
the proband Sull more unusual 1s 1t that the
threshold in the proband was found fluctuating
with a tendency of progression during the
five year period 1n which annual twdiometry
has been performed This phenomenon was at
first ascnbed to uncertainty in the child How
ever simlar progression of the hearmg im
pawrment was as already mentioned noticed
1n the other two family members
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Brown Farnor & Endicott (1971) pave a
detailed description of some cases with con
gemital progressive mixed hearing impairment
which were not noticed unu! the age of 2-3
years About 20 cases from the hiterature were
reviewed and the authors added another six

Tomography of our patients did not reveal
any labyrinthine dilation but the canaliculus
cochlea was drlated 1n the proband s left ear

The deafness observed may posstbly be of
the type described by Brown Farmior & End:
cott (1971) apart from the absence of labyrin
thine dilatation The simultaneous occurrence
of a unilateral Mondiu malformation (which
1n atself 1s unusual) and middle ear malforma
tion 1n the mother render the findings peculir
—and prohibits classification into any system
so far known

In Guffarth s thesis (1936) six cases of the
Mondim malformation from the hiterature were
classified genetically as heredolabynnthine
degeneration  with rrregular domnant heredi
ty A similar heredity was found in the family
constdered in the study reported here

Fig 4 Antero-postenor view of the mother s left car
Note the low 1ying tegmen and the irreguiar osscous struc
tures 1n the tympan ¢ cav ty represent ag the malf rmed
oss cles The vest bule and semic reular canals are nor
mal



ZUSAMMENFASSUNG

Es wird von ener Familie berichtet, in der es dret Mit-
gheder gab, die nicht angeborene, vorwartsschreitende
Taubheit gemischten Typus darboten Die zwer leben
den, Mutter und Tochter, boten emne Mondin ahaliche
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CONGENITAL PERCEPTIVE HEARING LOSS AND
ATOPIC DERMATITIS

G Frentz G Everbergand H C Wulf

From the Department of Dermatology the F nsen Inst tute and the Otolarsngolog cal Department
Sundby Hospital Copenhagen Denmark

Abstract Two brothers were suffening from percept ve
heanng foss atop ¢ dermathis and mild palmoplantar ke
ratoderma. There was a pred sposit on 10 atopic 4 sease
1n the maternal farmly and palmoplantar keratosis as a
dormnant trait 1n the paternal famly Atop ¢ dermatts
and ly have been re
ported to co-exist with heanng loss but a comb natron
of all three has not so far been reported

In 1968 homgsmark et al published a suney
of hereditary syndromes with auditory and
dermatological mamifestations and at the same
time presented a report of a famuly 1n which 3
out of 4 stblings exhibsted perceptive heanng
lToss and atopic dermattis Apparently no
uch cases have been published since then

'e feel it must be of interest to report a similar
syndrome n two brothers 1n whom it co-
exssted with palmoplantar \eratosis a com

bination not previously described

Case hustory

The propositus was a boy aced 9 years the
younger of a family of two admutted to a der
matology umt with atopic dermantss From the
age of 3 months he had been suffenng from
stching eczema on the cheeks spreading to the
arms and legs myvolving especially the flexor
surfaces He had always had dry skin with
highly ncreased volar and plantar keratos:s

After severe bilateral perceptive heanng loss
had been obsered at the age of 4 he had been
weanng heanng awds on both sides No abnor
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malities of the teeth nails or persprration were
observed

Rhinoscopy showed varying appearances
mucous secretion being present from time 10
tme Insprning the mucosa was pale cyanofc
and covered with clear secretion as in allergic
rhimitis Otoscop: and caloric vesubular tests
were normal  Audiometrs revealed pro-
nounced bilateral symmetncal perceptive
heaning loss marnly at the middle frequenctes
(Fig 1) thus appeaning as a basin cune
typrcal of certain types of hereditary percep-
tive hearing loss

Dermatological evammnation shawed that
the shin was on the whole dry with munor
papules thickened with coarse grooses and
lichemzation around the mouth on the instep
the dorsal aspect of the hands and feet wnclud
ing fingers and toes typrcal of atopic derma
s

On the abdomen there was muld ichthyosis
with delicate scaling the palms and soles had
accentuated hines Seseral fissures in the re
gion of the heel and distinct hy perheratiniza
tion of the palms and soles were present The
hair kne was abnormally low at the back and
temples and the extremities showed moderate
hypertnchosis The shull external ears cyes
and teeth were of normal shape

Other imestiganons IgE 1580 arbitrany
umts (normal range 30-500) Evamnaton for
allergy using scraich tests showed a positive
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Mother had been afflicted with severe atopic
dermatiis and still suffered from hay fever

he i changes indrcative of volar and
ichthyosis, but no heratoderma
Scratch tests were highly positive to several
Brass pollens and to cat The maternal grand
father also had a history of hay fever, and 1n
his youth he had been admutted to hospital
Wwith eczema, morphologically conststent with

Several members of the paternal family had
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Fig 1 Audiogram of the propositus

reaction to several prass pollens ox eye daisy
and house dust mite, doubtfully positive reac-
tions to rush and barley

Chromatographic study of the amino acid
content in the unne showed normal levels
Chromosome study normal complement 46
XY (preparation by machine, counting of 25
cells, one trypsin-Letsmann stained haryotype
was made)

Fanuly history and findings
The patient's brother aged 13 years, had a
similar skin affection, but less severe The his
tory and appearances were suggestve of
atopic dermatiis and mild keratoderma

No signs of hay fever or asthma Scratch
tests proved positive to house dust several
grass and tree pollens and amimal hair

At the age of 6 years adenotdectomy had
been performed At the same tme, audio-
metry had revealed moderate bilateral sym
metrical perceptive hearing loss presentmg the
same basin curve as seem m his younger
brother Subsequent audiograms showed no
progression of hearing loss

Otoscopy rhinoscopy and vestibular tests
showed normal conditions Chromosome com
plement 46 XY

No other members of the family had hear-
ng loss The mother a maternal aunt and the
maternal grandmother had a low hair ine The

Qry skin and abnormally pronounced volar and
Rlantar keratimization (see pedigree, Fig 2)
None of them had consulted a specialist, but
the father had changed his occupation because
of the sk condition Examination of the
father showed accentuation of the volar and
Plantar ines and marked, widespread hyper

keratinization n the same areas, with a few

Solitary punctiform hyperkeratotic lesions

The parents were not related

DISCUSSION
The two boys. of a family of two, were suf-
fenng from bilateral percepuive heanng loss
and atopic dermatitis The same syndrome
Was found by Konigsmark et ai 1n 3 out of 4

ly
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Fig 2 Pedigree of the famulv



244 G Frentzetal

siblings  As in our famuly, no further case of
hearing loss could be found in the family, and
the disease was interpreted as a recessive
trait Unlke our cases the skin disease was
atypical in localizatton and time of onset, and
there seemed to be no further famihial cases of
atopie or other ectodermal anomalies

In our farmly, the skin disease mamfested
itself as typrcal atopic dermatitis with positive
scratch tests The atopic predisposition was
mnherited from the maternal family The mode
of inhentance of the atopic predisposttion has
not been clearly established, but several
authors claim to have found evidence of mult:
factonal inhentance

The paternal branch of the family had
palmoplantar keratoderma of domnant n
henitance, also present in a muld degree in both
the children The domunantly inherted form
of palmoplantar keratoderma 1s allegedly rare
ly associated with other ectodermal anoma
lies, but the literature contams examples of
cases combined with onychodystrophy, leuco
nychia, hyperhidrosis, and perceptive hearning
loss It 1s beyond doubt that the two brothers
were suffening from congenutal famibal per
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ceptive heanng loss At the <ame time they
had atopic dermatitis and a muld degree of
palmoplantar heratoderma The co-eustence
of these disorders mught be due to mere
chance butjudging from the Merature it seems
reasonable to believe that the disorders were
genetically associated This syndrome has not
been described previously

ZUSAMMENFASSUNG

Zwer Bruder ltten an Innenohrschwerhdnghe:t ato-
pischer Dermattis und leichter Keratosis palmoplantans
Mutterlicherseits war eine Anlage fur atoptsche Le den
vorhanden und vaterlicherseits ham heratosis palmo-
plantans 1n domtnant erblicher Form vor Sowoh! ato-
pische Dermatitis als auch heratosts patmoplantans sind
in der Literatur mut Innenohrschwerhongheit zusammen
beschrieben worden wahrend einc hombination der dret
erwahnten Leiden vorher noch mcht berichtet wonden
it
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IDENTIFICATION OF NORMAL HEARING CARRIERS OF
GENES FOR DEAFNESS

H Anderson and E Wedenberg

From the Dep

of Audiology K

Abstract The domunant and sex hinked forms of hereds
tary heanng loss which have long been recogmzed are
readily 1denufied on the basis of the famuly history and
routine heanng tests The mode of inhentance of the re
cessive forms of hereditary deafness on the other hand
has been extremely difficult to determmne  The research
of the last few years however has disclosed that car
ners of genes for recessive deafness can be identified by
audiometnc recording of certam in the hear

linsha Spihhuset Stockholm Sweden

Provided that the tests are subtle enough
many hereditary diseases may be disclosed in
therr symptom free carrers by minor devia
tions from normal If a person 15 a hetero-
zygote for a complaint, he has one normal
and one mutant gene Since each gene 1s

g function Thisis an important advance not only as re
gards diagnostic work but also 1 the research into the
genetics of deafness

In 1908 Sir Archibald Garrod the Enghsh
physician, comed the term mborn errors of
metabolism for a pathological entity compns
ing the four diseases albimsm  alkaptonuria
cystmunia and pentosurta They had certain
features i common

! They could be demonstrated n the first
days of ife
2 They tended to occur frequently i certamn

resp le for the formation of its own pro-
tein, which 1s often an enzyme, 1n the case of
a changed genetic structure the mutant gene
will either have prevented the formation of its
own protein or it will have given nise to an ab
normal enzyme

There are, however, no biochemical tests by
which 1t is possible to detect any abnormal
activity 1n enzymes responsible for the de
velopment and function of the auditory sys
tem For this reason 1t has not been possible
to class hereditary deafness as an inborn error
of metabolism, but this does not rule out the

famlies 1n a large number of cases

3 They were farrly bemgn and compatible
with a normal length of life

4 They often appeared in the offspring of
consangutneous marriages

Garrod s prophecy that the underlying cause
of these diseases would prove to be an en
zymatic defect has proved correct From the
onginal number of four the mborn errors
have by now increased to more than a
hundred Hereditary deafness sausfies the
four postulated conditions for mborn errors of
metabolism

bility that it belongs to thits group it
means only that our knowledge of the snvolve
ment of these enzymes 1n the biological pro-
cess 1s still too lmted for us to be able to
ascertam the biochemucal basis of these de
fects
There remains the possibility of demonstrat
ing the effect of any enzymatic defects on the
hearing organ 1 gene carners by audio
metric studres Such attempts have been made
m order to detect heterozygotes among the
parents of children considered to have a gen
etic heaning impairment (Wildervanck, 1957)
From a study of 15 normal heanng parental

Acta Otalaryngol 8™
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pairs with therr 32 children with recessive
deafness, Wildervanck nferred that it was im-
posstble by ordunary audiometry to dentify
these parents as heterozygotes “The con-
clusion of my entire investigation 1s that nor-
mal heanng parents of children with deafness
are not detectable as heterozygotes * Nor
could Fraser find any significant heaning im-
pairment 1 heterozygotes n sex-linked re-
cessive deafness 1t may thus be assumed that
any heanng defects 1n the heterozygotes are
subclinical, and that to obtain a solutton of the
problem more refined methods than have been
used so far must be applied
It has always been extremely difficult in the
mndividual case to distinguish between hearing
imparrments  due to endogenous and exo-
genous factors, respectively
The differential diagnosis has usually been
carnied out on the basis of routine hearng
tests and medical histones, especially the
family history *“Look at the famly rather
than at the individual”, wrote Alexander
Graham Bell in 1891, but there 1s then the dif-
ficulty of weighting anamnestic information on
deaf relatives against the objective results of
ex and the possible effect of any
exogenous factors that have a beanng on the
hearing before during or after birth
) Inshort the consensus is that the hereditary
“group compnises about one half of all children
with severe heanng impairment In the hereds
tary group the number of cases with a domi-
nant mode of inheritance 1s very small Only
about S per cent of the children 1n schools for
the deaf are born 1n marnages where one or
both parents are deaf Camers of dommant
genes for deafness are readily identified by
audiometry
However, by far the largest group is that in
which normal hearing p irents give birth to one
or more children with heanng imparments as
the sole symptom, and 1in which the heaning
defect 15 judged 1o be of the hereditary reces-
sive type Usually, these children show a fair-
ly raptd progress of the heaning loss most pro-
nounced for the higher frequencies The de
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Fig 1 Example of dip in hearing threshold recorded by
Békesy audiometry Note that its position 1s such that the
sigmificant charactenstic of the dip might be mised 1n
routine octave audiometry

fect would appear to be due to an autosomal
recessive gene, the deaf children would then
be homozygotes and the parents hetero-
zygotes However, because of the difficulty
of accounting for the paradox that parents
suffering from recessive deafness usually
produce normal hearing children, it h1s been
proposed that recessive heanng impairment
may be caused by several genes located m
different loct The suggested number of such
loc varies widely and have been estimated to
be not less than 36 (Chung et al , 1959) and
“at least 45" (Sank, 1963) These views arc,
however, based on studies performed only by
octave audiometry and prior to the introduc-
tion of more modern methods One of the
great problems has been to find a method that
1s sensitive enough to disclose even the gene
carriers
To obtan a better understanding of the gen

etics 1 recessive deafness a family study of
30 parental pairs was carried out at the Karo-
Iinska Hospital The parents, who all demon

strated chnically normal hearing had 74 chi!

dren, 47 of whom had a severe hearing loss
with an established hereditary actiology The
object of the study was to investigiie the
possibility of identifying the suspected gen€¢
carniers by more advanced methods of heaning
tests One such techmque 1s Békésy audio-
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metry, 1n which the recording
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are ed 1n only 3% of the

enables even minor peculianities or deviations
m the hearing threshold to be detected The
other method used was recording of the stape-
duws reflex threshold As the stapedius reflex
1s elicited at rather high sound intensities,
the ear by this test 1s submitted to a certain
stram It was presumed that this supra-thresh-
old test—“working audiometry”—might
reveal defects in the heanng function that

subjects Although they had chmcally normal
heanng, 1t was possible by means of Bekesy
audiometry and stapedius reflex test, to
demonstrate pecuhanties i the hearing func-
tion n practically all the presumed carners of
genes for deafness On the basis of these re-
sults 1t would seem logical to conclude that
the encountered peculianties in heanng func-
tion are charactenstic of carriers of genes for

could not be detected by the hearing threshold
tests Moreover, the stapedius reflex test has
the advantage of being completely objective
The Bekesy audiometry showed that in 30 %
of the marnages at least one parent revealed a
*dip” m the middle frequency range of the
heanng threshold (at about 15 kHz) of at
least 20 dB and covenng a range of at least
one octave Such threshold dips are extremely
rare in normal series, less than 2% More
over, the stapedius reflex threshold was patho
logically high 1n at least one member tn prac
ucally all the parental pars In the most pro-
nounced cases, the reflex threshold was too
high to be reached at some of the test fre-
quencies a remarkable condition 1n view of
the completely normal hearng threshold In
normal series, pathologically tigh reflex

CASE &1308

t 1

1968)
1t was thus possible n this seres to identify

audiometnically such carriers in a remarkably
large proportion of the subjects The recessive
types of deafness, however, constitute a he-
terogeneous group, and no doubt there are
vanants that cannot be detected by the meth-
ods described here The high percentage of
carmiers recognized suggests, however, that
the type 1dentified represents the commonest
form of recessive deafness This may then be
designated as autosomally recessive or per-
haps rather as intermedrary, since it was still
posstble to detect certain pecuhanties in the
heaning function of the carniers In contrast to
earlier studies by statistical-genetical meth

ods applied to large senes, 1t would now for
the first ime seem possible to arnve at a hear-
ng genetic dragnosis n the mndividual case

deafness (A & Wedenberg,

AUDH g
o FDOSRAM This 1s, of course of great value in the
] chimical and, moreover, it constitutes
10 ! ~ a most important step forward 1n the research
w 1n the genetics of deafness
an [ )
@ i 1 ]
[ T
. !
) }
» T ZUSAMMENFASSUNG
L] Die und Formen er
% blicher Sch he man seit langem kennt sind
o}~ an Hand der Familienanamnese und der ublichen Ge-
el e recht einfach zu idenufizieren Den
LY e — X3 - Modus der Vererbung rezessiver Formen erblicher
], Foe i ¥ u] e wn P 15t dagegen
wbe 3 Y et 8 hchsch\ueng Aus den Forschungsergebmssen der letztent
WS 130 S0 W0 200 00 8000 Jahre hat sich nunmehr ergeben daB die Trager von Ge-

nen r:ztssxver Schwerhongkeit durch rein nudxomel
n der

Fig 2 Example of tigh reflex
{= -) Shaded area indicated normal range
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emen wesentlichen Fortschntt mcht nur hunsichtirch der
Dragnostik  sondern auch mit Hinbl ¢k auf die weitere
Erforschung der Vererbung der Schwerhongkest bzw
Taubhert bedeutet
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MUCOUS ELEMENTS IN THE AIRWAYS

M Tos

From the ENT Unversity Climic Gentofte Hospiial Copenhagen Denmark

Abstract Based on studies of the mucosa in foetuses n
fants children and adults wsing whole mount methods
the mucous gland and goblet cell density n the nose
rhinopharynx pharynx hypopharynx and trachea 1s de
scnibed Glandular density was highestin the nose lowest
in the trachea where the glands are considerably larger
than in the nose The nasal pharyngeal and hypopharyn
geal glands contan more serous elements than do the
trachea) ones The goblet cell density ts greatest n the
lateral wall and the roof of the thinopharynx smallest n
the antenor part of the nose In acute and chrontc tracheal
disease and on constant exposure to dust the goblet-cell
density 18 increased

The pathophystology of the respiratory mu
cosa depends 1n particular on the production
of mucus To be able to evaluate the mucus
producing capacity under normal and patho
logical conditions information 1s required on
the density, size and activity of the mucous
glands and goblet cells

MATERIAL AND METHODS

The whole mucosa of the organ was cut free
and stamed by the PAS. the PAS alcian blue
or the osmium tetroxide whole-mount method

The nose was studied i 56 foetuses and pre

mature infants and 10 adults, the rhino-
pharyn, pharynx and hypopharynx i 60 foe

tuses and premature infants and 12 adults the
trachea in 200 foetuses and premature infants

13 children and 80 adults

RESULTS
Nose
Glands The respiratory region 15 provided
With numerous small seromucous tubulo-
alveolar glands The antenor part of the
septum and the lateral wall contain 100-160

o~

anterror nasal glands (Bojsen-Meller, 1965)
with 3-20 mm long ducts, which run back-
wards The olfactory region contains the
glands of Bowman, they are small, tubulous
and serous Glandular development starts in
the nasal vestibule at the 11th week of gesta-
tion, first the antenior later the seromucous
glands and, at the 15th week the glands of
Bowman The glands spread backwards ac-
cording to a certain pattern (Tos & Poulsen,
1975) until, at the 30th week they are dis
persed all over the nose In adults, the density
1s 6-10 glands per square mm Glandular ori-
fices are distnbuted regularly all over the
respiratory regron (Fig 1) The glandular mass
15 distributed according to the space available
during the development The first glands to
develop have grown deepest 1nto the lamina
propria and form the basement layer of glands
Glands developing later mn foeta! life do not
grow 1nto the depth before division and form
a subepithehal layer consisting chiefly of
smaller tubulo-alveolar glands

Goblet cells The resprratory epithellum
which dunng foetal life spreads backwards
from the nasal vestibule according to a cer-
tain pattern (Poulsen & Tos 1975) contains
goblet cells The denstty of the goblet cells 1s
greatest at the beginning of the development,
1t dimimshes gradually as the nose grows to
reach a mimmum at the 30th week, and then 1t
increases again In the adult, the goblet cells
are distnibuted irregularly with considerable
individual variations in density Mean density,
however increases gradually anteno-pos-
tersorly with 4800 cells per square mm 1n the

e
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LONG TERM TREATMENT OF NASAL POLYPS WITH
BECLOMETHASONE DIPROPIONATE AEROSOL

1 Treaiment and Ranonale

N Mygind, S Prytz, H Serensenand C B Pedersen

Denmark

From the Unn ersity ENT Climics f

Abstract Beclomethasone dipropionate 15 a potent cor
ticosterord which when applied by a pressunized metered
dose aerosol in the airways has pronounced antt allergic
effects with no nsk of systemc sterotd side effgets at the
recommended dosage An impressive effect i hay fever
and perenmial shimitis has been demonstrated A double
blind short term tn1) showed that the drug was effective
1n about 807 of patients suffenng from moderate to se
vere nasal polyposts A study of the long term effects on
the nasal mucosa s mdicated

Corticosterouds were introduced mn the treat
ment of allergic airway diseases 1 1950, and
since then many attempts have been made to
apply the drugs directly to the mucous mem
ﬁranes n order to obtain the therapeutic ef
fect without systemtc side effects These at

and A h let Cop

synthetic corticosteroid which differs in sev
eral respects from the natural hormone This
modified molecule has an anti inflammatory
effect 5000 times stronger than hydrocort:
sone as estimated by the compound s ability
to cause cutaneous vasoconstriction (McKen
zie test) (Martin et al , 1975) In 1967, 1t was
shown to be effective in the treatment of
eczemas

Desptte negative results with other cortico-
sterords Bdp aerosol was tried m asthmatic
patients The results were convincing and un
equivacal a daily dose of 400 pg Bdp did not
affect the plasma cortisol and had an anti
asthmatic effect approximating that of S-10mg

d 1

tempts failed either b the tr w1s
meffective or because the corticosteroid was
absorbed from the mucous membrane Dexa
methasone phosphate aerosol in a daily dese
of 1000 xg has been shown to be effective in
the treatment of hay fever (Norman & Winken
werder 1965) but thts treatment reduces the
urmary excretion of 17 ketogenic steroids m
dicating some systemic effect (Norman et al
1967) Although this therapy has not been
shown to have any advantage over oral cor
ticosteroids, st has been used for about 10
years, especually in the USA No sertous local
side effects have occurred (Norman personal
communication)

Beclomethasone dipropionate (Bdp) 1s a

Acta Otolaryngol 82

pre orally As an wrrefutable proof of
the drug s local mode of action several pa
tients developed allergic skin and nasal symp
toms when from oral pl 2
to the aerosol (Brown et al 1972 Laletal,
1972 Clark 1972) The umque properties of
this corticosteroid molecule are probably due
to a combmation of its exceptionally high
antt inflammatory actwity and its rapid en
zymatic degradation to the less active be
clomethasone monopropionate and the almost
Inactive beclomethasone (Martin et al , 1975)
The specess with inhaler Bdp naturally led
to a tral of mtranasal Bdp m alfergic nasal
disease In hay fever the effect was stnking
in nearly all patents both adults (Mygind




Treatment of nasal polyps with beclomethasone dipropronate 1

1973) and children (Prahl etal  1975) The ef-
fect on the nasal symptoms appeared to be
more pronounced than that of dexamethasone
phosphate, and there was no sigmficant reduc
tion in the excretion of 17 ketogenic sterords
As there was no systemic activity eye symp
toms had to be treated with eye drops This
combined local treatment rendered anti
histamine tablets almost superfluous Bdp
treatment was effective throughout the 24
hours, thus preventing the usual early morning
attack of sneezing
Bdp treatment was effective in about 75%
of pattents suffering from perenmal rhinitis
(Gibson et al , 1974, Hansen & Mygind, 1974)
Even though the therapeutic effect was not so
marked as in hay fever the results were more
impressive 1n these chromcally troubled pa
tients
Dose-response studtes 1n hay fever (Ander
senetal 1975) and in perenntal rhamitis (Wihl
& Malm 1975) indicate that 400 pg/day 1s
more effective than 300 pg and 200 ug Treat
ment should therefore start with 400 pg/day
and continue with this dosage until maximum
effect has been obtained After that the pa
tients can be mstructed to adjust the dosage
downwards until their symptoms are just con
trolled
Traditionally nasal polyps belong to the
group of allergic nasal diseases even though
t1s seldom possible to demonstrate allergy
Nasal polyps are rarely found in young pa
tient with rhimitis and extrinsic asthma with
Proven allergy Nasal polyps may be regarded
as the nasal equivalent to intrinsic asthma
with onset jn middle age n non atopic pa
Uents
Although allergy 15 seldom d ble m
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Fig 1 Average daly symptom scores {sneezing nasal
secretion and blockage} durning treatment wath beclo-
methasone dipropionate and placebo 1n patents suffening
from nasal polyps

of cases the nflammatory reaction mn the
polyps 1s allergic in type, showing local
eosmophilia

A 3 week double blind study was under
taken mn 35 patients with moderate to severe
nasal polyps (Mygind et al 1975a) The ef
fect was marked 1n 15 out of 19 (80%) of pa
uents treated with the active drug (Bdp) and
m 2 out of 16 (13%) n the placebe group
{p<0002) seeFig 1

The pathological changes in the nasal mu
cosa of patients with polyps are pronounced
and only slowly reversible It follows that
long term studies are necessary to ascertamn
the place of Bdp mn treatment On the comple
tion of the short term trral the patients were
transferred to long term treatment the results
of which will be presented by Pedersen et al
(1976)

Having estabhshed that Bdp has an impres
sive beneficial effect on allergic nasal disease
we decided to mvestigate the long term effect
of the c: d on the nasal mucosa VWhen

Patients with nasal polyps |

amounts of IgE are synthesized n the polyps
{Donovanetal 1970) and in the nasal mucosa
(Mygindetal 19755) When allergy 1s demon

Strated  the specific IgE anubodies the
Teagins are found in a higher concentration in
the polyps than in the serum which suggests
local synthesis (Berdal 1954) In the majonty

7 76%9%9 f‘\\

potent cortic have been used 1n other
locations (skin eyes) thesr use has had to be
balanced against the nisk of local side effects
A fund: I effect of cor oids 15 1
hibttion of protem synthesis at cellular level
There 15 no reason to assume that this effect
and the consequent nsh of local side effects
are absent from the nasal mucosa However
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LONG-TERM TREATMENT OF NASAL POLYPS WITH
BECLOMETHASONE DIPROPIONATE AEROSOL

1 Treatment and Rationalc

N Mygind S Prytz, H Sorensenand C B Pedersen

and A h ler C h Denmark

From the Unu ersity ENT Clinics

Abstract Beclomethasone dipropronate 15 o potent cor
ticosteroid which when applied by a pressunzed metered
dose aerosol in the airways has pronounced anti allergic
effects with no nish of systemic sterond side cﬂ'.;cls at the

ded dosage An imgp effect it hay fever
and perennial rhinitis has been demonsirated A double
blind short term triad showed that the drug was effecuve
in about 80% of pauents suffering from moderate to se
vere nasal polyposis A study of the long term effects on
the nasal mucosa is indicated

Corticosteroids were introduced 1 the treat-
ment of allergic arrway diseases in 1950, and
since then many attempts have been made 10
apply the drugs directly to the mucous mem-
Jbranes in order to obtan the therapeutic ef-
fect without systemic side effects These at-
tempts failed erther because the treatment was
meffective or because the corticosteroid was
absorbed from the mucous membrane Dexa
methasone phosphate aerosol in a daily dose
of 1000 ug bas been shown to be effective 1n
the treatment of hay fever (Norman & Winken
werder, 1965} but this treatment reduces the
urinary excretion of 17 ketogemic sterords, in-
dicating some systemic effect (Norman et al
1967) Although this therapy has not been
shown to have any advantage over oral cor
ticosteroids, 1t has been used for gbout 10
years, especially in the USA No serious local
side effects have occurred (Norman personal
communication)
Beclomethasone dipropionate (Bdp) s 2
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synthetic corticosterord which differs m sev
eral respects from the natural hormone This
mod:fied molecule has an anti inflammatory
effect 5000 tmes stronger than hydrocortt
sone as estimated by the compound s abtlity
to cause cutaneous vasoconstriction (McKen
2te test) (Martin et al , 1975) In 1967, 1t was
shown to be effective in the treatment of
eczemas

Despite negative results with other cortico
steroids Bdp aerosol was tried mn asthmatc
patients The results were convincing and un
equivocal a daily dose of 400 ug Bdp did not
affect the plasma cortisol and had an antt

h effect appro that of 5-10mg
predmisolone orally As an rrrefutable proof of
the drug’s local mode of action several pa
tients developed allergic skin and nasal symp
toms when ¢t from oral predmsol
to the acrosol (Brown et al , 1972, Lal et al
1972, Clark 1972) The umique properties of
this corticosterord molecule are probably due
to a combination of 1ts exceptionally high
ant-mflammatory activity and its rapid €n
zymatic degradation to the less actuve be
clomethasone monoproptonate and the almost
inactive beclomethasone (Martin et al , 1975)

The success with mhaler Bdp naturally led
10 a tnal of intranasal Bdp wm allerge rasal
disease In hay fever, the effect was strnking
it nearly all patients, both adults (Mygind
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LONG TERM TREATMENT OF NASAL POLYPS WITH
BECLOMETHASONE DIPROPIONATE AEROSOL

11 Chlintcal Results

C B Pedersen, N Mygind, H Sorensenand S Prytz

From the Unnersiy ENT Clinies & h

fet and Rus sh let C h Denmark

Abstract The eflect of a one year tecatment wth intra
nasal beclomethasone dipropronate 1n 33 panents with
long standing nrasal polyps was determined About 80¢%
of the patients obtained good or excellent relief of symp-
toms No adverse reactions of any importance occurred
Ttas d that b dipropio-

by the number of polypectomies On average
the had had 8 polyp before
starting treatment with Bdp

The atoprc (allergic) state of the patients was

nate 1s close to the 1deal basic treatment for patients with
nasal polyps

Thus study was designed to investigate the ef-
fect of beclomethasone dipropionate (Bdp) on
the symptoms and the respiratory mucous
membrane of pattents with nasal polyps The
symptomatic results are reported here, mor

hol | and some al aspects of
,ireatmcm will be reported 1n a subsequent
paper (Serensen et al  1976)

MATERIAL AND METHODS

In the preceeding double blind study (Mygind
et al, 1975) Bdp effectively relieved symp
toms In patients treated with the active drug
Thurty three of the 35 patients from the
short term trial continued i the study One
patient who had received placebo did not wish
to be treated with Bdp and a second success
fully treated with Bdp could not participate
for practical reasons  The average age was 50
years (range 19-78}, 22 males and 11 females
pamupated The average duration of the dis
ease was 15 years (range 1-60) The actvity of

d Six patients had a history of asthma

eght had a family history of allergy six had a
posiive shin test by intracutaneous or prick
testing with a senes of at least 20 allergens
Only one patient had a raised serum IgE the
mean value being 131 U/ml, which did not dif
fer from the normal The mean pre treatment
eosinophil count was 330/u! (normal 180/ul)
26 patients had eosmophilia tn thewr nasal
smears (=109)

The aerosol was the standard metered dose
Becotide Inhaler® equipped with a special
nasal adaptor It delivered 50 ug per puff, the
dose was one puff nto each nostn! four hmes
daily—a total dose of 400 pg/day This was
the only medication given during the treatment
period of 9-12 months After discontinuing
treatment the patients were observed for upte
3 months

The chnical results of the treatment Were
estimated by the panents and by the it
vestigator Each week the patients completed
symptom cards m which the symptoms—
sneezing, obstruction and rhinorrhoea—were
evaluated on a scale graduated from zero t0
three A final statement of the overall success
of the treatment was made by the patients

the disease can to some extent be
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Figs 14 Results of beclomethasone d propionate treat
ment est mated dynng rhunoscopy Two-th rds of the pa
tents were treated for a period of 9 months and the rest

tervals The following factors were assessed
polyp size degree of obstruction secretion
appearance and signs of atrophy (dry mucous
Mmembrane with crust formation m the pos
tenor part of the nasal cavity) and scored on a
scale from zero to three Nasal secretions
were cultured for bactenia and fung just be
fore the end of treatment The results were
compared with those obtamned s untreated
control patients

RESULTS
In 26 patients the symptoms were satisfac
tonly controlled by Bdp alone four patients
needed supplementary treatment and in three
the drug was ineffective A reduction 1n the

for 1* months All pattents were exam ned one month af
ter cessalton of treatment

stze of the nasal poly ps occurred dunng treat
ment The rhinoscopy findings are shown
Fig 1 There was a marked reduction in the
degree of nasal obstruction which continued
for several months of the treatment pennod On
discontinumg treatment the obstruction re
turned rapidly 1n many patients These re
sults are shown in Fig 2 A shght decrease
In the amount of nasal mucus was seen It
tially but [ater no change was observed
Fig 3 showus the effect of Bdp on the nasal
mucosa Minor signs of atrophy were present
In a few patients before their inclusion in the
preceding short term trial and 1n this tnal
There was no deterioranson duning this study
Purulent secretions noted 1n a few patients
Acta Orol.
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pal ents eva vaton

-

Fig 5 Pattents evaluanon of beclo-
methasone d prop onate treatment as est
mated from weekly dianes Groups treated
as stated m Figs 1-4

at the beginning of treatment showed a
tendency to improve (Fig 4) The incidence of
coryza did not increase dunng the study and
some patients claimed that the purulent secre

tions which commonly follow a coryza cleared
more quickly whilst they were on Bdp The
patients diaries show a steady reduction of
symptoms for the first 3 months of the study

manths

pectomies duning the study and one free of
symptoms for the first 10 months of the study
acquired an upper airnway nfecton which
caused rapid proliferation of his polyps An
ethmoidectomy was required for clearance
In 3 patients Bdp at the prescribed dosage
had no effect and treatment was stopped X
rays of the stnus were abnormal i all patients
and r d 1 d durmng treatment

The chnical effect then r d un
til the treatment was discontinued (Fig 5) In
18 of 30 patients no treatment was necessary
1n the first three post trial months but 12 pa
tients asked for re insutution of treatment
within the first few weeks after medication had

There was no change i the bacternal flora of
the nose when exammned at the end of treal
ment and 30 days later Pathogemc bactersa
were found (n 5 out of 30 patients which com
pares favourably with an snctdence of 7/45
a hed control group Fungi identified as

/been stopped An over all of the
efficacy of the treatment by the patients 1s
given 1 Table I This assessment was
agreement with the evaluation based on rhino
scopy Twenty six of the 33 patients were
treated with Bdp only but in seven patients
this did not suffice Two of the latter patients
had total blockage of the nose and poly
pectomies were required to permmt entry
of the Bdp One patient required 3 poly

Table 1 Patients evaluation

candida albicans were found In two patients
but there were no signs or symptoms of can
didiasis

No adverse reactions of any mportance
were observed On questtoming 12 patients 1¢
ported blowing blood stained mucus from the
nose at the beginming of treatment There was
no frank bleeding Three pattents had a single
crust o the antertor part of the nose which
disappeared after the end of treatment Two
patients complained of transient dryness of the
nose In 19 patients no complaints could be
ehcited

Excellent result 16

Good effect 1

Penod cally good eftect 2 CONCLUSION

Moderate effect I ,

Nocffect " It has been shown that local corticosterol
» tr of nasal polypt gives a good oOF

Acta Orolaryngol 82
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excellent result 1n about 80% of patients It
may be possible for patients so treated to
avoid surgical removal of nasal polyps Intra
nasal apphcation of 400 ug Bdp daily seems
to be close to an 1deal basic treatment, but 1t
must obviously be supplemented by surgery
when the polyps are of such a size that the

sone dipropionate Dieser Effekt wurde unter Anwendung

von Langzeitherapie an 33 Nasenpolypose Patenten dre

durch 15 Jahre zewgte uber

pruft Der Grundn8 des Untersuchungsprogrammes wird

angegeben In 80€¢ der Falle erreichte man ein ausge
oder gutes die

treffend nasale Sekretion nasale Obstruktion und Nie-

steroid cannot reach the mucous
Owing to the profound brological activity of
Bdp, regular rhmoscopy 1s advised during
long term treatment because of the possibility
of local adverse reactions not yet recogmized

ACKNOWLEDGEMENT
The beclomethasone dipropionate aerosal (Becotide

Inhaler®) used sn this investigation was supphed by
Glaxo Denmark

ZUSAMMENFASSUNG
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LONG-TERM TREATMENT OF NASAL POLYPS WITH
BECLOMETHASONE DIPROPIONATE AEROSOL

1l Morphological Studies and Conclusions

H Seorensen, N Mygind, C B Pedersenand § Prytz

From the Unn ersity ENT Climics K

let and Rigsh ler Cc Denmark

Abstract Morphological studres dunng the treatment of
patients with nasal polyps with be dipro-

nasal polyposis As only sem: quanttative

pronate aerosol for one year showed a trend towards a de

crease in the number of eastnophils n Rasal smears and
falls in the increased concentrations of albumun IgG and
IE 0 the nasal secretion No change in the histological
picture of the polypous tissue except increased density
was observed By scanning electron microscopy 1o
change in the surface structure of the nasal mucous mem

brane was noted As morphological studies did not reveal
any sign of adverse effects beclomethasone dipropionate
may be regarded as a valuable drug n the treatment of
nasal polyps The ind cattons for its chimcal use and sup-
plementary therapy are discussed

The therapeutic effect of beclomethasone di

» propionate (Bdp) on nasal polyps has been

“demonstrated 1 a double bhnd investigation
and 1n a long term chinical trial (Mygind et al ,
1975 Pedersenetal 1975) Inorder to add to
our knowledge of the action of the drug on the
nasal mucous membrane the following studies
were performed 1n 33 patients duning treat
ment

Eosinophil counts 1n ntsal smears
Quantitative measurements of the immuno
globulins m the nasal secretion
Histological studies of the polypous tissue
Scanning electron microscopy (SEM) of the
surface of the nasal mucous membrane

~

N

Cytology
An merease 1 the eosmophil count of nasal
smears 1s generally found in patients with

Acta Osolaryngot 87

of the number of cells can be ob-
tamed, the results are expressed as -, +,
++4, +++ A decrease i the number of cells
was found after three weehs treatment with
Bdp This change did not reach statistical s12

nificance A simular result was observed i pa

tients with perennial rhinttis on the same treat

ment (Wihl & Malm 1975) The result may be
real, reflectng a reduced tendency of the
eosmophils to pass through epithelum ex

posed to Bdp

Immunoglobulins

The concentrations of albumin IgG and IgE
1n nasal secretions are greatly increased in p3
tients with nasal polyps (Table I) This1s due
to enhancement of the passage of these pro-
tems from the vessels through the (nterstitial
ussue mto the secretion In the case of IgE and
probably also IgG, local production 1s alson
creased (Mygind et al , 1975h) Dunng treal
ment, the concentrations of these protems
dechine towards normal IgA (mamly secfe
tory IgA) does not vary with the other pro-
tems and 1ts concentration does not alter dur
g treatment with Bdp

Histolagy

The histological picture of the polypous s
sue was examned before, during and aftet
treatment A biopsy specimen was taken from
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Table I Concentration of proteins in nn:al secretion from patients with nasal poly ps before and

after long term tr with becl dip aerosol compared with matched
normal control persons
2575
No of  Median  percenle Mann-Whitney rank
patents (mg/100 ml) (mg/100 m!) sum test
Before treatment 12 450 130-920
Albumin After treatment 20 124 67-720 p<001
Normal controls 29 56 45-120
Before treatment 14 180 57-255 } p<003
I After treatment 19 38 13- 89 p<001
Normal controls 29 28 15- 46
Before treatment 13 75 28-165
IgA After treatment 21 73 35283 No significant differences
Normal controls 29 78 58-118
Before treatment 16 687 31-366
IeE After treatment 19 21 12-125 p<001
. Normal controls 33 5] <512

* AllIgE values are units/m}
Formethods sec Mygndetal 19755

2 polyp in each patient without analgesta

logical change duning local corticosteroid ap-

More than 100 were d and
the histological evaluation, partly quantita
tive, was carried out blindly to exclude bias

The only sigmificant change that could be ob

served was an increased density of the inter
stitial tissue due to a reduction of the inter
cellular flud The number of eosmophils
the ussue was unchanged No systematic
change 1n the distribution of pseudostratified

cihated and squamous eptthelum was re-
corded duning treatment

Scanmng Electron Microscopy
This investigation was carried out on a blind
basis, 40 biopsy specimens from these pa
tients were exammned

The epithelial surface of the nasat polyps
fall tnto four categones (1) Typical resprratory
epithehum densely covered by cilia (2) Tran-
sttional type with microvalh (3) Squamous epi-
thehum without mucrovill (4) Hormy squa-
mous epithelium with desquamation

No tendency erther towards respiratory ept

Particulars of the histological and
SEM mvestigations will be reported 1n a
separate paper elsewhere (Sorensen et al )

The results of the morphological and mm-
munologrcal mvestigations can be summarnized
as follows

1 Nasal polyposts causes marked patho-
logical changes, such as local eosinophilia,
oedemna of the mucous membrane and an 1n
crease of plasma protems 1n the nasal secre-
tiens

2 Dunng treatment with Bdp a normalizing
effect was noticed The permeabihity of blood
vessels was reduced, thus decreasing oedema
as well as the concentration of proteins in the
nasal secretion

3 Tissue was not d
by treatment and eosmophilia in the secretion
only to a shght degree Although the treat-
ment markedly reduced or eradicated the sub-
Jective sy the mucous did
not return to normal

4 Treatment did not influence local IgA

thehum or towards sq hel was
observed duning treatment The surface of the
nasal mucous membrane showed no morpho-

”\.\

pr , but further investigations are re-
quired to elucidate the effects of Bdp on this
immune system

Acta Ot0
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5 After one year’s treatment no tendency
towards squamous metaplasia, characteristic
of atrophic rhinitis, was found

CONCLUSION

A 3-week double blind investigation showed
that a farr therapeutic effect could be obtamed
m patients with nasal polyps with mtranasal
Bdp aerosol (dose 400 ug/day) In 2 long term
climcal investigation (9-12 months) 1t ap
peared that continuous treatment controlled
the symptoms in the majonity of patients and
had no adverse climeal or histological effects
Thus, Bdp can be regarded as a valuable drug
mn the treatment of nasal polyps

Bdp 1s not suitable 1n all cases of nasal
polyps In panients with small, slowly expand
1ng polyps the treatment of choice 15 probably
surgical removal

for the major part of the symptoms (surgical
operatton with clearance of the affected
sinuses)

It should be stressed that Bdp treatment 1s
symp ic only After treatment
polyps will recur 11 many patients However
mtermittent treatment with Bdp will enable the
majonty of patients to live a normal ife It 1s
important that any patient treated with Bdp
should be seen at regular intervals, as any ef
fective treatment of nasal polyps may lead to
atrophy of the mucous membrane, secondary
to increased space 1nt the nasal cavity In our
studies, ro sign of atrophy attributable to Bdp
was observed

ZUSAMMENFASSUNG

Hastol he L h nasaler A

von Patenten mit Nasalpolypen unter Beclomethasone
d dlung zeigten Tendenz zur Ab-

q

In patients with more pr symp
toms or rapid recurrence after extrpation
Bdp treatment 1s mdicated In such cases,
Bdp should be used as a basic treatment If
necessary, it may be supported by surgery,
systemic corticosteroids or antibiotics, de
pending on the nature and seventy of symp
toms When total blockage occurs, partial
polypectomy from the lower anterior part of
the nose ts indicated to allow penetration by
‘the aerosol In some cases systemic cortico-
steroid should be admimistered rtially to re
duce the size of the polyps, thus permittng
Bdp to enter the cavity

Resistance to treatment with Bdp may be
due to

1 Total blockage of the nasal cavity, which
prevents penetration of the drug (surgical re
moval necessary)

2 Infection of the nasal mucous membrane
(antibiotics may be indicated)

3 Rapid growth (systemic corticosteroid
may support the effect of treatment)

4 Involvement of the sinuses accounting

Acta Otolaryngol 82

nahme der Anzahl von eosinoptulen Leukocyten und Fall
der erhéhten Albuminkonzentration 1gG IgE im Nasen
sekret Das histologische Bild 1st unverandert abge
sehen von Zunahme der Dichte des polyposen Gewebes
lek X [$ ergaben ker
nerler Veranderungen an der Oberflachenstruktur der na
salen Mucosa Die morphologischen Untersuchungen €r
brachten keine Zerchen etnes ungunstigen Effektes Be
clomethasone dipropionate wird als emne wertvolle Droge
1n der Behandlung nasaler Polypen angesehen Es wird
das klimsche Indikationsgebiet 1m Vergleich mit anderea
Behandlungsmethoden diskutert
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NASAL CANCER AND NASAL MUCUS-TRANSPORT RATES
IN WOODWORKERS

H C Andersen,' ] Solgaard®and I Andersen®

From the 'ENT Department and the Hnsttute of Hygiene Unnersuv of
Aarhus Aarhus Denmark

Abstract Among 17 patients with adenocarcinoma of the
nasal cavity 12 had been heavily exposed to wood-dust
inhalation 10 as furniture makers one as a turner and
one as a coach builder Measurements of the nasal mucus

transport rate in 68 wood-dust workers demonstrated a
significantly higher frequency of mucostasis than i a con

trol group

British investigators (Acheson et al, 1968)
have drawn attention to inhalation of wood-
dust as a potential source of adenocarcinoma
of the nasal cavity They found that the m
cidence of this tumour among furmture
makers 1n the Oxford area was 0 7 per 1000,
as compared with the incidence of all kinds of
malignancies 1nvolving the nasal cavity and
masal sinuses, which was 11 2 per mullon in
the general popul They d d

had for a Iong time been exposed to wood-
dust did not prevent the development of
adenocarcinoma

On the basis of these observations, adeno-
carcmoma of the nasal cavity in furmture
makers ts now accepted as an occupational
disease in Great Bntam

Similar observations have been made n
France and Belgium

A survey of the occupational distnbution of
patients with carcinoma of the nose and para-
nasal smuses treated m the ENT Depart-
ment and the Radium Centre of the Unmversity
Hospital, Aarhus, within the decade 1964—
74 compnises a total of 157 cases

From Tables I and II it 1s seen that the

that the latency period for tumour develop
ment was extremely long, viz 30-50 years,

were y located in
the nasal cavity, and that a large majonty of
the patients with this tumour type had been

and that exposure-free penods m persons who dto d-dust inhal
Table 1
Nl Maxillary Wood-dust

Ectodermal tumours Vestbule  cavity sunus Toual crpasure
Epithebial papilloma 3 A :

pidecmord carainoma % 16 » K :
Adenocarcinoma 7 7 1
Adenocyst carc 4 3 H !
Mabgn siatoma ! :

Tranut carcinoma 3 ! 3
Anaplast careinoma 1 7 ! H :
Malign melanoma B ” :
Total 7 kel il 17 2

Acta Oroloyegol 8°
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5 After one year's treatment no tendency
towards squamous metaplasta, characteristic
of atrophic rhinttss, was found

CONCLUSION

A 3 week double biind investigaton showed
that a fair therapeutic effect could be obtaned
in patients with nasal polyps with intranasal
Bdp aeroso! (dose 400 pg/day) In a long term
chnical mnvestigation (9-12 months) 1t ap
peared that continuous treatment controlled
the symptoms in the majonty of patients and
had no adverse clinical or histological effects
Thus, Bdp can be regarded as a valuable drug
1n the treatment of nasal polyps

Bdp 15 not sustable n all cases of nasal
polyps In patients with small, slowly expand-
g polyps the treatment of choice 1s probably
surgical removal

for the major part of the symptoms (surgical
operation with clearance of the affected
sinuses)

1t should be stressed that Bdp treatment 15
symptomatic only After stopping treatment
polyps will recur 1n many patients However
intermuttent treatment with Bdp will enable the
majonty of patients to hive a normal ife Itis
tmportant that any patient treated with Bdp
should be seen at regular intervals as any ef
fective treatment of nasal polyps may lead to
atrophy of the mucous membrane, secondary
to mcreased space n the nasal cavity In our
studies, no sign of atrophy atiributable to Bdp
was observed

ZUSAMMENFASSUNG

Hi L nasaler A

von Patienten mit Nasalpolypen unter Bectomethasone
d A h 2e1gten Tendenz zur Ab-

In patients with more prc d symp
toms or rapid recurrence after extirpation
Bdp treatment 1s wndicated In such cases,
Bdp should be used as a basic treatment If
necessary, 1t may be supported by surgery,
systemic corticosterords or antibiotics, de-
pending on the nature and seventy of symp
toms When total blockage occurs partial
polypectomy from the lower anterior part of

. the nose 1s indicated to allow penetration by
the aerosol In some cases, systemic cortico
steroid should be admimstered imtially to re
duce the size of the polyps, thus permituing
Bdp to enter the cavity

Resistance to treatment with Bdp may be
due to

1 Total blockage of the nasal cavity, which
prevents penetration of the drug (surgical re-
moval necessary)

2 Infection of the nasal mucous membrane
(antibiotics may be indicated)

3 Rapid growth (systemic corticosterord
may support the effect of treatment)

4 Involvement of the stauses accounting
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nahme der Anzahl von eosinophilen Leukocyten und Fall
der erhohten Albuminkonzentration JgG IgE im Nasen
sekret Das histologische Bild st unverandert abge
sehen von Zunahme der Dichte des polyposen Gewebes
Efek U ergaben ket
nerler Ve d In der O der na
salen Mucosa Die morphologsschen Untersuchungen ef
brachten keine Zeichen eines ungunstigen Effekies B¢
clomethasone dipropionate wird als emne wertvolle Oroge
1n der Behandlung nasaler Polypen angeschen Es wird
das khimsche Indikationsgebiet 1m Vergleich mit anderen
Behandlungsmethoden diskutiert
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FURNITURE MAKERS
CONSTRUCTION WORKERS
TOBACCO DEALER

PER 0D CF RET REMENT

julninis}

Fig

taste appears and the dye 1s seen by pharyn
geal inspection ts measured {Andersen et al ,
1974) The transport time 15 inversely propor-
tional to the fastest nasal mucus transport
rate Of the woodworkers, 38% had muco-
stasis (transport time >30 mn), as compared
with only 14% n a control group of 66 sub-
Jects with no occupational dust exposure
Simultaneous measurements of the dust
concentration in the breathing zone of the
workers were carned out with a portable pump

and filter system The dust samples were
measured gravimetncally and by microscopy
The size distnbution was found to have a
maximum at 5-10 pm

The dust concentration was higher than the
threshold it value (TLV) of 5 mg wood
dust/m® air 1 63 % of the measurements and
higher than 10 mg/m® in 28%

The number of woodworkers with nasal
mucostasis was directly proportional to the
wood-dust concentration

For a detailed report of this mvestigation
and a comprehensive hst of references, see
Solgaard & Andersen (1975) and Andersen
(1975)

ZUSAMMENFASSUNG

Von 17 Patienten mut Adenokarzinom i der Nasenhohle
waren 12 viele Jahre hindurch emnem massnen Ematmen
von Holzstaub ausgesetzt gewesen Zehn derselben hat

ten tn der M3belindustne gearbeitet Eine Untersuchung
des nasalen Schleimtransportes bet 68 in der Mobelin

dustrie tatigen Personen ergad daB die Anzahl Falle von
Schleimstatung 1n dieser Gruppe sigmfikant groBer war
als mn emner Kontrollgruppe

List of references may be requested from the authors
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AUDIOLOGICAL TREATMENT OF PRESCHOOL CHILDREN
WITH HEARING IMPAIRMENTS

H F Fabntws, V Gaustad and A Kallset

From the Department of Audiology Mamdal Hosprtal Namsos and Vikhov Schoof
for the Hard of Hearing v ikhamar Norway

Abstract A system by which children with impared
heanng are given early audiological treatment 1s reported
The treatment has been carried out dunng short admis
stons ta nstitution aliernating with stays at home Specral

n Namsos there 1s & small preschool mnstity
tion called the Hearmng Annex The children
are recerved at the HA 1mmediately when
their hand I ded If the child 5

trainihg and instruction of the parents are 1mp The
authors are of the opinion that this type of preschool train
g 1s surtable for regions with scattered population Even
a small institution with a imeted staff can give freatment
to a considerable number of children

The importance of the early audiological treat
ment of children with severe hearmng impair-
ments 15 generally recogmzed In comes and
urban districts this treatment can nowadays
easily be given without admutting the child to
nnsttution But in districts with a scattered

population and great travelling distances—as
it 1s the case m many parts of Norwvay—other
means of audiolopcal treatment must be tsed
Here a temporary admission to an 1nstitution
will be necessary

In Norway we have three centres where
audiological treatment 1n tnstiunion alternates
with stays at home combined with instruction
of the parents These centres are located 1n
Alesund Gjovik and Namsos They vary 2
Uittle according to the density of population
and geographical location

We shall gve a bnef survey of this work m
Namsos and present some of our experences,
with reference to the medical psychological
and educational points of view

In connection with the ENT Department

Acta Drolaryngot 82

younger than 3 years, it 1s always admtted
together wi.h one of the parents The stay 1n
the nstitution lasts only 1 week, but 1s re
peated at imtervals o some weehks

Thus first admus~ion penod ts used manly
to mform and mstruct the parents as to how 10
help the child tn hpreading and auditory tram
g, as well as m the use of varjous technical
facilities, such as hearmng aids and speech
amphfiers The child 1s tramed to adapt
socially Gradually some individual gmdance
1s introduced We regard these stays m the
H A at an early age as a valuable mtroduc
tion to more permanent sstititional kfe later
after the age of 3 years In the mstitution the
children are divided 1nto groups of 5 or 6 ac
cording to age, speech level and ability o
adapt socially Each group stays 3 weeks in
the H A , twice n the autumn and three times
n the spring One of the parents will always
accompany the chiid and bring 1t back home
This gives the parents an opportunity to
establish a most mmportant contact with the
individual members of the staff

Dunng the ‘stay athome penod the
parents—usuyally the mother—receives a work
or traimng programme which 15 revised and
discussed when a new instituionaf stay starts
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sequently, the audiological treatment in the
H A has been of different duration The rmuni-
mum treatment 1n this senes has been five ad-
duning 2 years and the maxumum 20

Table 1
Number
of chal
Schools dren Average heanng loss
Regular schoot 4 Right ear 76 dB
leftear 80dB
School for the 11 Rught ear, 93 dB
hard-of heanng left ear, 87 dB
School for the 8 Reght ear, 103 dB
deaf leftear 108dB

Every third week there 1s a staff meeting in
the HA The teachers, the head of the toy
library, the psycholomst, the penpatetic
teacher and the doctors discuss the children’s
situation and status and the further pro-
gramme

In the northern part of Norway there are
few facilities for children with imparred hear-
g As a consequence, the HA n Namsos
serves children from a large region They
come from the five northernmost counties 1n
Norway

The H A has been 1n operation for 7 years,
and we find 1t 1s appropnate to give a survey
of the results The children are admatted to the
H A at different age levels, depending upon
the standard of d f: and hear-

admissions duning 53 years

Twenty-three children had most of their pre-
school traiming i the H A. Afterwards they
had at least one year in a regular schoolorin a
special school Of the 23 children, 4 are in
regular school, 11 1n schools for the hard-of-
heanng and 8 n the school for the deaf The
senes of children 1s presented in Table I

The causes of imparred heanng were Ru-
bella, 11, erythroblastosis, 1, toxic otitss, 1,
menmgitis, 3, unknown, 5 Rubella, as the
cause of impaired heanng in 11 out of 23 chil-
dren 1s a hughly important factor, although it
does not have general sigmficance

Psychological evaluation

Psy and tests
have been performed 1n 21 of the 23 children
The tests have been cammied out by five differ-
ent psychologists but most of the tests have
been done by one of them She has also made
the total evaluation Mainly non-verbal tests
areused A rough classification has been made

ing treatment 1n their home distnct Some of
them have been admitted rather late Con-

Table IT
Toevdi it dofitcy

T Buys iuch

Mental ability far below
average for the age group
1Q<75

Mental ability somewhat
elow average for the age
group 1Q 75-90 o 0 o
Mental abilty equivalent
to normal age group
1Q90-110 8 4 12
Mental ability somewhat
above average for the age
moup 1Q 110-125
Mental mr.my far above
average for the age grou
10>125 e groue

n
-
“

to Table I

More than one-third of the children showed
fluctuatron in mental performance Since non-
verbal tests are used, the results of the tests
and the child s intelligence cannot be directly
compared The psychologst 1s more nchined
to regard the results as a measure of the
child s total mtellectual resources, which cor-

Table I Evaluation of 4 children in reguiar
school

Below
Good Mediem medium
Speech development 1 3 0
Social adaptability 4 ] 0
Professtonal status 1 2 1
Able 1o use a hear
g ad a

18762959
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AUDIOLOGICAL TREATMENT OF PRESCHOOL CHILDREN
WITH HEARING IMPAIRMENTS

H F Fabnts, V Gaustad and A Kallset

From the Department of Audiology Namdal Hospital Namsos and Vikhov School
Jfor the Hard of Hearing Vikhamar Norway

Abstract A system by which children with impaired
heaning are given early audiological treatment is reported
The treatment has been camed out duning short admis
sions to Institution alternattng with stays at home Special

m Namsos there 1s a small preschool mstits
tion called the Hearing Annex The chuldren
are recerved at the H A immediately when
therr hand 1s recorded If the chid 1

tratping and instruction of the parents are The
authors are of the opiion that this type of preschool train
ing 1s suttable for regrons with scattered population Even
a small insttation with a hemted staff can give treatment
to a considerable number of children

‘The importance of the early audiological treat-
ment of children with severe heanng impair
ments 15 generally recognized In cities and
urban districts this treatment can nowadays
\casnly be given, without admitting the child to
mstitution But 1n districts with a scattered
population and great travelling distances—as
1t 1s the case 1n many parts of Norway—other
means of audiological treatment must be used
Here a temp y ad to an on
will be necessary
In Norway we have three centres where
audiologtcal treatment n institution alternates
with stays at home combined with instruction
of the parents These centres are located 1n
Alesund, Gjovik and Namsos They vary a
littte according to the density of population
and geographical location
We shall give a bnief survey of this work 1n
Namsos and present some of our experiences,
with reference to the medical psychological

and educational pomts of view
In connection with the ENT Department

Acta Orolaryngol 82

younger than 3 years, 1t 1s always admitted
together with one of the parents The stay m
the 1nstitution lasts only 1 week, but s re
peated at intervals o some weeks

Ths first admussion pertod 15 used manly
to nform and mstruct the parents as to how to
help the child in lipreading and auditory train
1ng, as well as in the use of vanous techmical
faciliies, such as hearing ards and speech
amplifiers The child s tramed to adapt
soctally Gradually some individual gudance
15 introduced We regard these stays it the
H A at an early age as a valuable introduc
tion to more permanent mstitutional Iife later
after the age of 3 years In the mstiution the
children are divided nto groups of 5 or 6 ¢
cording to age, speech level and abmiy ©
adapt socially Each group stays 3 weeks 10
the H A , twice i1n the autumn and three times
1n the spring One of the parents will always
accompany the child and bring 1t back home
This gives the parents an opportunity 10
establish a most important contact with the
individual members of the staff

During the “stay at home
parents—usually the mother—receives 2 work
or traming programme which 15 revised and
discussed when a new mnstitutiona) stay Stns

period  1he
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SJOGREN'S SYNDROME

J Johansen
From the Department of Otolaryngology Rikshospualet Unn ersity Hospual
Oslo Norway
Abstract Syogren s syndrome 1s a connge- holl 1 changes to Sjdgren’s

tive tissue disease The syndrome 1s associated with other
major connective tissue disorders such as rheumatod
arthnitis, systemic lupus emhemzmsus systemuc sclero-
s15 and others have

syndrome (Kessler, 1968)
Virus like particles resembhng the type C

repeatedly been reported 1n patients wath Syogren s syn-
drome A chrical study of 20 patients with Sjogrens
syndrome was performed in the Department of otolar
yngology, Rikshospitalet, Oslo Norway A considerable
complevity of symptoms was seen One pauent with
mahgnant lymphoma and one with a thyroid carcinoma
were encountered

In 1936, von Grosz introduced the term S)6-
gren’s syndrome to honour the Swedish
ophthalmologist Hennk Sydgren for hus work
of keratoconjunctivitis sicca, parotid enlarge-
ments with xerostorma and rheumatoid ar-
thnitis, all components of a generahzed symp-
tom complex

Aetiology

The aetiology of Sjogrens syndrome s un-
sStuwh Te rema'kdde epree Ui monatr-
logical abnormalities  hypergammaglobulin-
aemia, rheumatoid factor, antinuclear anti
bodees, and antibodies to extracts from sali-
vary and lacnimal glands, might indicate an
aut disease  Id of the

antigen and ¢ of the ar y's

virus are identified by electron
mucroscopy The tissue damage obsenved in
Sjdgren’s syndrome could be explaned as the
result of direct invasion by the infectious
agent, or as resultng 1n part from auto-
immune mechamsms, especrally immune
complex deposiion on vascular structures
(Shearn, 1971)

Dragnosis
The diagnosis of Sjogren’s syndrome 1s based
upon the chnical appearance, laboratory
findings and ocular and salivary gland tests

About 90%5 of the patients are women aged
between 40 and 60 years Laboratory features
are immunological abnormalities, elevated SR
and moderate anzemia, normochromic or
Sypedinvme. Oedea ‘aso W e St
tear tests I and II, measuning the tear flow, and
Rose bengal staming test showing devitalized
tissue of the conjunctiva and cornea

Ocular comphcations may be seen, such as
commeal ulcer, nodul:xr episclents, uveitis and

specificity for the antigen has not been
achieved In the last decade, attentton has
been directed to the theory of slow virus as a
causative agent The speculations are based
upon the amimal models of NZB/NZW mice
They develop after the age of four months

posterior sub: In the ammal
mode, deeper damnage 1n the eye ts frequent
Sialograms of the patient with Sjogren’s syn-
drome are abnormal Rubm & Holt (1957)
divided them into four stages punctate,
globular cavitary and destrucuve, according
to the progressive increase m abnormalities

Acta Ovolaryngol 88
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" oF
PATIENTS

Mo CE YEMRS

Fig ! The age distnibution of the patients

Radio 1sotope studies with (¥ TC) demon
strate 1 the scintisan the functional condition
of the gland

H "

of biopsy
specimens from the major salivary glands
show lymphoid infiltratton within the lobules,
subsequent atrophy and loss of acinar tissue,
hyperplasia of ductal epithelium forming myo

epithelial sslands In the munor salivary glands
the last charactenstic 1s missing

Treatment

Treatment of Sjogren’s syndrome 1s sympto
matic The decrease in tears can be corrected
by artificial tears from a reservorr of wetting
soluttons on glasses Xerostomia, dysphagia

, and dental caries are treated by oral lubnica

tion and high water intake, careful dental
bymene and.nonne Inrally fon tha tarsth,

Prognosis

Prognosis in Sjogren s syndrome 1s related to
the seventy of the associated connective

Table I Imntal symptoms in the patients and
their further development during the observa
tion pertod

Table Il Results of laboratory tests

No of  Abnormal
patients —————
tested %

Immunological abnormalinies

Hypergammaglobulinaemea 20 3 63
Hypenmmunglobulinaemia 20 13 65
Haematological abnormalities

Elevated SR 20 1n 55
Anaerma 20 4 20

uissue disease Death rates mn patients with
Sjogren’s syndrome are not avatlable A high
incidence of infection and potential maltgnant
lymphoma may give an increased nsk of early
death, even without assoctated connective
tissue disease

MATERIAL AND METHODS

The present study was performed m 20 pa
uents with Sjogren’s syndrome selected froma
group of 150 patients referred to the Depart
ment of Otolaryngology, Rikshospitalet Oslo
Norway, during the period 1960-1974 The pa
nents were 17 women and 3 men The 2g¢
distnibution, periods of observation and 1nttial
symptoms followed duning observation are
shown in Figs 1, 2, and Table I

W oF
raren 3

N .

Sahvary gland disorder 70-100
Rheumatic disorder 15- 30
Keratocomuncuvitts 1?_— S&S)

Thyroid disease
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Table IIl Results of special organ tests

273

pected from empirical data of other reports
The patients not exarmined had muld forms of

Syogren's syndrome

n % §
Sjogren’s syndr

Sahvary gland exanunations

Salography 15 14 93

Radio-1sotope test 15 15 100

Histology 13 13 100

Ocular tests

Rose bengal 16 1 68

Schirmer 16 8 50

In this selected group there 1s a natural
preponderance of symptoms from the salivary
glands In most pattents, the disease started
with recurrent swellings of the parotid gland
During the observation period xerostomia
developed in all patients The odontogenic
status was extremely poor, except for some
patients with mild symptoms The majonty of
patients were prosthesis carners The rheu-
matic group mecludes patients with theumatoid
arthintis and degenerative joint disease not
based on the New York cntenia

The symp! of ker 15
based upon anamnestic information later con
firmed by ocular tests The thyroid disorder
was carctnoma of the thyroid 1n a patient with
severe xerostomia and severe xerophtalmus

RESULTS
Tables IT and I11 show the results of laboratory
tests, salivary gland examinations and ocular
tests The findings are stmilar to those ex-

and were not yet expected
to benefit of further examnations

DISCUSSION

Table IV mught serve as a basis for the dis-
cussion of the study The series 1s divided 1n
three main groups muld, moderate and severe
forms of Sjogren's syndrome Need of medical
treatment and workimng ability served as para
meters for grading the matenal In mild forms
the patients possessed full working ability
and only occastonally needed medical treat-
ment In moderate forms, the working ability
was dimmished and medical treatment needed
In severe forms, the prognosis was poor,
no working ability and urgent need for medical
treatment In these groups, we found a thyrord
carcinoma, a lymphosarcoma and a patient
with five cardial infarctions and penicorditis

We learn from this study that mild forms of
Sjogren’s syndrome do not necessanly devel
op into more severe forms Moderate forms
will often remam moderate for 2 long time
The cructal pomnt seems 1o be the assocrated
connective tissue disorders Even in mld
forms we find them, their course 1s unpredict-
able

This arranging of the material following
descriptive staustical terms has no statistical
vahdity because 1t 1s built upon a selected
matenal It might, however, serve as a guid-
ance 1n gainmng information on Syogren’s syn-
drome

Table IV The course of disease in various patient groups with results of tests

Gamma Associated connective
Form gobulinopathia ussue disease
Age Duration
n % n " % " %
Mud 5 25 2583 1-25 [ ) 2 (40
Moderate [+ (60) 2479 2-2 10 (83) 3 23)
Severe 3 (s 11-71 -3 3 (100 (100

-
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o
ranients
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0 10 2030 W 5 6 70 80
KO OF YEARS

Fig 1 The age distnbution of the patients

Radio 1sotope studies with (®*™TC) demon-
strate 1n the scintisan the functional condition
of the gland

H h of biopsy
specimens from the major salivary glands
show lymphord nfiltration within the lobules,
subsequent atrophy and loss of acinar tissue,
hyperplasia of ductal epithelum forming myo
epithelial islands In the minor salivary glands
the last charactenstic 1s missing

logical

Treatment

Treatment of Sjogren’s syndrome 1s sympto

matic The decrease in tears can be corrected

by artifical tears from a reservoir of wetting
v > on glasses Xerostoma, dysphagia
d dental caries are treated by oral lubrica

tion and high water intake, careful dental

hygena and fInonne Inrally far the tasth,

Prognosis

Prognosts 1n Sjogren’s syndrome 1s related to
the seventy of the associated connective

Table I Imnial symptoms i the panients and
ther further development during the abserna
tion period

Table Il Results of laboratory tests

No of  Abnormat

patients

tested  n %
Immunological abnormalines
Hypergammaglobulinaemia 20 13 5]
Hyperimmunglobuhnaemia 20 13 3]
Haematological abnormalities
Elevated SR 20 n 55
Anaemia 20 4 20

tissue disease Death rates in patients with
Syogren's syndrome are not available A high
incidence of infection and potential mahgnant
Iymphoma may give an increased nisk of early
death, even without associated connective
tissue disease

MATERIAL AND METHODS

The present study was performed m 20 pa
tients with Sjogren's syndrome selected froma
group of 150 patients referred to the Depart
ment of Otolaryngology, Rikshospitalet, Oslo,
Norway, during the period 1960-1974 The pa
tients were 17 women and 3 men The 2g¢
distribution, periods of observation and mtial
symptoms followed during observation are
shownn Figs 1, 2, and Table I

PATEENTS.

%
FER]
Salvary gland disorder 70-100 12345678911 12BN
Rheymatic disorder 13- 30 OBSERVAT OM I YEARS
Keratoconunctivitis 1& gg

Thyrod disease
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NOSOCOMIAL PAROTITIS

A Lundgren, P Kylenand L M Odkvist

From the ENT Chinic Regronal and U ersity Hosprtal
Linkoping Sweden

Abstract A total of 22 cases of acute suppurative paro-
uts are reviewed The causative factors were severe
Primary disease with salivary gland hyposecretion related
to age {77 years) dehydration oral imactivty and drugs
(19 patients) The oral hymene was poor and permitted
ascending canahceular invasion of resistant staphylococe
The mortality was 277 The treatment ncluding prefer
ably clovacilling and mcssion 15 discussed  To stress
the the name

parotiis 15 sugges(ed

Acute suppurative parotitis usually occurs in
elderly debilitated patients who are senously
11l Some commonly used synonyms are acute
postoperative parotitis, acute mecrolic paro-
ulis, acute gangrenous parotitts, acute ne-
crotic parotitis, septic parotiis and parotid
abscess (Hemenway & Enghish, 1971) A
study of a group of pattents suffering from
acute suppurative parotiis treated at the
ENT Chinic of the Regional and Umversity
Hosputal, Linkoping 1s presented A review of
the symptomatology pathogenesis and treat
ment as well as a reason for the name * noso
comial parotitis are given

MATERIAL AND METHOD

Twenty two cases of acute suppurative salt
vary gland inflammation have been treated
The patients were referred for consultation
from various departments in the hospital or
were treated in the wards of the ENT Clinic
Seventeen of the cases had a umilateral paro-

titss, three cases were bilateral Two cases of
a simufar inf of the fibul
gland have been included All of the patients
had 2 senious pnmary disease In addition,
several of the patients were also debilitated
due to advanced age The average age was 77
years (range 60-92) Nine were men and thir-
teen women

In seven cases the mnflammanon followed
an operation At the time of onset the pa-
tients were on parenteral nutntion {10 cases),
dwretic medicatron (8 cases), psychotrophic
drugs of different types given because of agita-
tion anxiety INsOmma Or more serious mental
disturbances (10 cases), or atropine and anti-
cholinergic drugs (8 cases) Only three patients
were free from drugs (Table I)

Twelve of the patients had been treated
with antibiotics Bactenal cultures in 19 of the
cases showed Staphvlococens aurens which
was reststant to most antibiotics, but with-
out exceptton sensitive to cloxacillin, also
mostly to chloramphenicol and erythromycin
(Fig 1) The phage-typing usually showed
strain 80/81. the nosocomial type With 2 few
exceptions all cases were treated with large
doses of cloxacilline A few early cases were
operated on under general anaesthesia, with
parotidectomy skin incisions and broad inci
sions of the parotd fascia and extenstve
dratnage of the parotid and paraparotid spaces
as suggested by Perzik (1962) In later cases,
we used the same principles of dr.:\lnage.y.‘bulN

Acra O

N "
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Table I Various drugs prestumably contrebut-

ing 1o a low salnary flon

Dwr=dwrencs Antichol—anticholinergics  Psychotr=
h A

Case Dy Annchol  Psychote  Aotihst
1 + +++
2 +
3 S
4 +
s +
& + +
7 + + +
8 +
9 +++ +
10 + +
1" ++
12 +
v -
14 + +
15
16 + +
17 +
18 + ++ +
19 +
20 +
21
22

operated earlter under local anaesthesia and
were thus able to make more limited icisions
and drainage In some cases, repeated pune-
wres of an abscess were sufficient This
change towards a more conservative attitude
was due to the fact that we now have better

tenstve care and better antibiotrics  Six
salients (279%) died within 2 weeks and 9 pa-
tients (409) within 2 months after the onset of
parotitis The cause of death in the early cases
was a combinaton of a pnmary disease and
the extra load of the parotiis The late deaths
were due to the pnimary disease, the parontis
being healed

DISCUSSION

A Symptoms
The typical imual symptoms of parotitis are
moderate swelling of the parotid regron with
some tenderness and pain At this stage, the
parotiis may heal spontaneously or within
1.7 days develop mnto a fully established
suppurative parotitis with rapid swelling of the
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gland, with tense, shimng red blue skin
tnsmus, par and ntense Jocal tenderness
mmpeding free head and neck movements
The patients have fever and are seriously
affected by the disease An abscess may
occur as may gangrene of the gland and
fistulauon through the overlymng sk, to the
external auditory meatus, the temporo man
dibular joint or to the parapharyngeal regtons
with further progress to the mediastinum
Secondary glottic oedema with respiratory
stridor may occur (Laburthe Tolra, 1965} Al
most exclusively, the parotid gland 1s affected
rarely the submandibular gland Of our 22
patients, only 2 had a submandibular in
flammation It 1s reported that the submandib
ular glands are so infrequently tnvolved in thts
infection because of better protection by
mucmes (Rausch, 1959) In the 7 patients m
whom parotitis developea after an operation
the disease began 4 to 8 days postoperatively,
which 1s 1 accordance with the lterature
(Perzik, 1962)

B Pathogenesis
1 Primary disease
Acute, suppurative parotitis occurs m elderly
debilitated patients who are serrously Ml
often, but not necessarily, postoperatively

2 Hyposecretory factors

In the case history there are always factors
contributing to saltvary hyposecretion Age
1s one of the most ymportant factors It has
been shown that the secretion from the sait
vary glands decreases with advancing ag¢
(Wamwnght & Becks, 1943, Korting & Klemn
schrudt, 1953) In our series, the average 8¢
was 77 years It 1s well known that in cases of
dehydranon the salivary secretion 15 dimn
1shed, sometimes noticeable as xerostomia
The salivary gland activity 1s stumulated by
food 1ntake, by smell and taste and partly bY
the mechamcal effects of chewing and thus
oral inacti 1ty leads to salvary hyposecretion
Xerostoma 1s often caused by drugs etther
by theiwr dehydratmg action or by actively
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Fig 1 h
19 of the cases

for the

decreasing the sahvary flow These drugs are
pnmanly diuretics, parasympatholytics barbi
turates, tricychic antidepressants and other
psych drugs and antih

The majonty of our patients were on drugs
from the List above admimstered erther singly
or 1 combinations Only three of them were
drug free at the onset of parotitis (Table I)

3 Secondary bacterial infection

orimasion

Normally the saliva flushes the salivary duct
system preventing infection When the saliv-
ary flow ceases or i1s dumimished, bactena
from the oral cavity may in the presence of
poor hygiene invade the parotid gland duct
(Amulf, 1951, Faye & Deffez, 1969)

Many other theones concerntng enzymatic
autodigestion  reflexes from the abdominal
organs towic allergic influence and prnimary
nfection have been advanced as regards the
€ause of acute suppurative parotitis but they
have not been conclustvely proved

Treatment
The most important measure 1s to prevent the
paratitis Patients tn whom this complication

Nosocomal parotins 217

1% likely to occur must have a high flud
mtake and any admimstration of salivation
depressant drugs must be avoided The sah-
vary secretion should be stmulated by lemon
Juice and by mamtaining oral actvity, for
example, by using chewing gum The oral
hygiene should not be neglected, the oral cav-
ity should be washed and the teeth frequently
cleaned Artificial dentures should not be
worn  Oral infectons should be treated
promptly The patients must be carefully ob
served for early symptoms of parotitis as treat-
ment at thrs stage 1s highly effective Incase of
a manifest septic parotitis, this regimen should
be 1 d by the ad ation of anti-
biotic drugs 1mnally preferably cloxacilin
An alternative antibiotic should be given only
according to bactenal cultures and antibio-
grams (see Fig 1)

The diagnosis of a parotid abscess may be
difficult as the tense paroud fascia obscures
abscess fluctuations by the palpating hand
Needle punctures of the parotid gland may in
such cases give the diagnosis and the aspira-
tion of pus accelerates healing, and provides
materral for a representative bactenal culture
If the skin overlying the gland 15 hard, tense
and red, incision through the skin should not
be postponed, even if needle asprration 1s
negative A moderately long tnaiston behind
the mandibylar angle under local anaesthesia
and dramage of the parotid and paraparotid
spaces are the procedures of choice Thorough
knowledge of the anatomy prevents damage to
the facial nerve Long mcistons and explora
tons under general anaesthesia in these pa
tients may be fatal if performed m weak pa
tients Drainage tubes or successive debnde
ments on consecutive days are necessary unul
healing ts achieved Analgesic drugs are usual
{y necessary

Prognosis
The app of acute supp parotitis
15 to be looked upon as an ominous sign It s
obwvious that the acute suppurative parotitis
n these already severely 11l patients may be
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the additional comphication that the patient
cannot tolerate The cause of death 1s, how-
ever, most often the prnmary disease The
mortality 1s approximately 5-35% (Rausch,
1959), 1n our serres 275 within 2 weeks

CONCLUSIONS

Acute suppurative parotitis affects seriously
1ll, eiderly patients with an age-related dimin
1shed salivary secretion The secretion 1s
further dimimished because of insuffictent fluid
mtake, oral inactivity, and the presence of oral
bactensa that may ascend through Stensen’s
duct to the parotd gland The orgamisms are
most frequently resistant staphylococcr We
suggest the new provocative name **nosoco
mmal parotitis™ ta stress that this iliness will
appear in hospitalized patients if we impair
the salvary gland secretion and neglect the
patient’s oral and environmental hygiene

ZUSAMMENFASSUNG

22 Falle von akutem suppurativem Parotit sind bearbeitet
worden Die Ursachen die zu diesem Zustand gefhrt

Acta Orolarngol 82

haben sind schwere pnmare Krankheit mut altersbeding
ter Hyposekretton in den Speicheldrusen (Alter 77 Jahre)
Dehydration orale Inaktvitat und Pharmaka (19 Patien
ten) Die orale Hygene war schlecht und verursachte
aufwartsstergende kanahkulare Invasion ven Parotis mit

S kokk hitat 27 Die Behand
Tung vor allem mit Cloxacilin und Inzision st diskutsert
worden Um die Wichtigkeit der Prophylaxe hervorzu
heben 1st der Name  Nosocomtal Parotit  vorgeschlagen
worden

REFERENCES

Arnulf G 195! Considérations sur les parotidites post
operatoires \em Acad Chir 77 544

FPaye C & Deffez J P 1969 Les parotidites uremiques
La Vie Medical 50 2397

Hemenway W G & Enghsk G M 1971 Surgca
treatment of acute bactenal paratitis Postgrad Med
50 114

Korting G W & Klemschmidt W
Wochenschr 128 772

Laburthe Tolra Y 1969 Les parotidites post-opefa
towes La Vie Medicale 50 2401

Perzk § L 1962 Surgical management of acute paro-
titis Arch Surg 86 237

Rausch S 1959 Die Specheldrusen des Menschen
p 344345 Georg Thieme Verlag Stuttgart

Wainwright W W & Becks H 1943 J Dent Res 2
403

1953 Dermat



THE VESTIBLL.
A Gy T e
From the Degarmment ot L. a5 R o
tm - P

Abstrect Tre vest bular acnaeducr v ¢ duated bl =l
 tomograms from patet: with Vemerss dsene T
SBRMC tts and from panents w thot eor d Orders
The des,ending part of the aquasd sct was ¢ eartv ¥ 3 ble
1 5% of the patients without ear d seise I the ta
T froups it was v aible onty i ahnt 07 s
SOREEStad that 2 natrow or myisike vest i tlar agueduc”

':‘s” Uspecific rad ofogical sigt 1t a vanety of e dis
1

Tomogramy of the temparal bone from pa
Uents with Memere's disease or chrome otis
2nd ffom patients without ear diseases were
Studted m 3 biing analysie n order 10 ayseas
the dagnostic value of a narrow or mvisible
Vestibular camal in Mlentere s diserse

MATERIAL AND MFTHODS

Group 1 consists of 47 patients wath Memere s
dsease Al pavients fulfifled the folfowing fve
Subjecyyye enteria (1) heanng mpairment
Q) altacks of ynmtus (1) vertign () nausea
and (5) vominng Objectively all panents fiad
Perceptive hearing loss and recruitment meas-
Ured by the method of Fowler andfor Metz.
The diense had Tasted for | ta 20 years
(@verage 62 yearay fn 6 cices the divease
¥as bilateral, puing s totdd of 53 affected
€35 I 38 of the 4f patiente with unilateral
disease, tomography of the contraliteral ear
Was performed
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Lateral temegraphy

The age and sex distnbution ot the pa~
fients uy all three eroups appears trom Table ©

A Philips Massiot Polvtome was used tor
the exammations Tomoeraphv was per-
formed i the lateral ot a4 shehtly modified
lateral projection as onginally proposed by
Clems & Valvasson (198) Sections 1 mm
apart with at least three sections medil and
lateral to the common crus of the supenior
and postentor semarreular canaly

The 194 tomezrams were analveed bhnd ina
random order In each cuse the vesnbular
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Table I Age and sex distribution of patients
S D =standards deviation

Age (years)
Sex Average Range SD
Mentere s o
disense gy 513 16m ns
Chromc e
otitis ERTY 443 10-70 175
Normal 220
cars 310 442 20-75 74

aquaeduct was narrow or invisible 1n 22 out of
43 ears (5192) In the normal group of patients
only three out of 60 ears (59) were *“patho

logical *. The findings i this [ast mentioned
group differ sigmificantly from those in the
other groups, ncluding the normal, contra-
lateral ears 1n patients with Mensere's disease

The small differences n the results between
ears with Meniere's disease, contralateral ears
1n Meniere patients and ears with chronic otitis
were not statistically significant (Fischer's
exact test)

No relationship between the occtirrence of
pathological tomograms and the age of the
patients and the duration of the ear disease
could be demonstrated n the seres

,} DISCUSSION

The distinction between an mvisible, a nar-
row, and a normal canal was based on the sub-
Jective evaluation of three independent ob-
servers Absolute measurements were aban-

doned because of the uneven diameter of the
canal Only the descending part of the canal
was considered, since the honzontal (isthmic)
part 1s too narrow to be visualtzed regularly

The finding of a *“normal’ aquaeduct 1n95%
of the ears of patients without ear diseases
1s 1n accordance with previous reports (Stahle
& Wilbrand, 1974) Our pathological findings
also agree with previously published senes
However, this seems 1o be the first mvestga
tion nchiding also a group of patients with
other disorders

Since a narrow or invisible vestibular canal
was observed with the same frequency 1n ears
with chromc otitis as in those with Meniere s
disease, this radrological entity must be con
sidered an unspecific diagnostic sign i a
varniety of ear diseases Furthermore, no con
clusive evidence exists tn support of the

that a tomogr: ly parrow or

invisible aquaeduct 1s actually obhterated
(Yuen & Schuknecht, 1972)

ZUSAMMENFASSUNG

Fruhere Mittedungen haben besagt daB in Ohrtomo-
grammen von Pauenten mit der Memereschen Krank
heit aquaductus vestibuli meistens eng erschemt oder
sogar unstchtbar st Dre Bedeutung dieses Befundes 1
der Diagnose der Meniereschen Krankhert wurde noch
micht festgestelll Die Verfasser machten emnc blinde
Untersuchtung von Pattenten nut der Meniereschen
Rrankheit von Patienten mit chromsscher Quiis sOwie
von Normalen ohne Ohrlerden Der Aquadukt konate bei
normafen Pattenten in 95% demonstriert werden bet P2
tienten mit der Mentereschen Krankheit konnte e a8
kranken Ohr m 57¢% und am gesunden kontralateralen
Ohr \n 53 gezeigt werden Ber Patienten put chromscher
Otiis war er 1n 51 der Falle mcht zu sehen Der radio-

duct in the vartous groups (N=number

Table Il Tomographic eval: of the vestbul.
of ears)
Memére Contralateral
Memnere Diseased ears  normal ears Chronic otitis No ear disease
stibular
;I;uaeducl N % N % N % N %
23 44 18 474 21 438 57 950
,’iﬁ,’l‘;‘;‘ 5 94 7 184 4 93 ! ; ;
Invisible 2 472 13 342 18 a9 2
Total (ears) 53 38 43 60
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logische Befund emes engen oder micht stchibaren Aqua-
duktes st deshalb als unspezifisch anzusehen und ist
ohne diagnostischen Wert

REFERENCES

Clemus, I D & Valvasson G E 1968 Recent radio-
graphic and chnical observations on the vestibular

Vestibular aqueduct in Meniere’s disease

281

aquaeduct (A prehminary report ) Otolaryngol Ciin
Am 339

Stahle, J & Wilbrand H F 1974 The vestibular aquae
duct i patients with Menrere s disease A tomographic
and climcal investigation Acta Orolaryngol (Stockh)

78,36
Yuen, S § & Schuknecht H F 1972 Vestibular aquae
duct and endolymphatic duct 1n Memeres disease

Arch Orolaryngol 96 553

Acta



Acta Otolaryngol 82. 282285, 1976

LATE RESULTS IN TYMPANOPLASTY
Staging the Operation

M Tos

From the ENT Unn ersity Clinte, Gentofie Hospital Copenhagen Denmari,

Abstracs Based on the fate results of tympanoplasty on
300 ears and of one «tage mastordectomy and tympano-
plasty on 29 discharging ears, the problems mvolved i
staging tympanoplasty are discussed The results of one

stage operations were found to be satisfactory 2-10 years
after The freq; of recurrent chol

was Jow 3 47 Instead of tw0-stage operations, re-opera

1ion 15 recommended 10 ¢ases of functional failure and 1n
cases n which further improvement of hearning can
reasonably be expected

Several publications have appeared 1n recent
years r ding pl. dt tage opera-
tion on ears with extenstve pathological
i+ vivement of the mddle-ear mucosa,
", stroyed ossicles and cholesteatoma (Austn,
+ 1969, Smith 1970, Sheehy & Crabtree, 1973)
Staging was used already 1n the first few years
of the evolution of tympanoplasiy, Rambo
(1961), 1n the first stage performed modified
radical mastordectomy using paraffin as a
mold to re-form the middle ear and, in the
second stage, fenestration Tabb (1963} ad
vocated a three-stage procedure, the first to
nfl and chol the
second to reconstruct the drum, and the third
ta regonstruct the ossicular chain  After the
wtroduction of Silasuc, large pieces of the
Sylastic sheenng were usually removed in the
second stage, in which also the ossicles were
reconstructed
We have 1 all cases—even 1n those of the
most severely diseased muddle ears—per

Acta Orolaryngol 82

formed d y and ty plasty in
one siting  Based on the late results of this
procedure we wish to discuss the problems in
volved n the stagmg of operations Most
ENT departments i Scandnavia have a
Imuted capacity with regard to operating
rooms and beds which oto-surgery has to
share with the other sections of the specialty,

luding  broncho-oesophagol and max-
lo-facial traumatology Long watting hsts
force the otologst to operate on as many pa-
tients as possible, and to reduce the number
of re-operations to a mmmum Of pnmary
importance, however, 15 the consideration for
the panent to whom two operations will mean
added mental and physical stramn It 1s, there
fore, of value 1o establish 1o what extent the
resplts of tup-stage operations are better than
those of one-stage operalions

MATERIAL AND RESULTS

The matenal 1s composed of two groups {1}
300 ears which were dry at the ime of opera-
tion The pathological changes vaned from the
shghtest with central perforations with or
without defective ossicles to the severest wih
adhesive otitis, tympanosclerosts, choles-
teatoma tn the tympanic tavity atd caviies
from previous radical operations with absence
of ossicles According to the ¢ntena set up
by Shechy & Crabtree (1973), tno-stage



operation would have been indicated n 30 of
these ears We performed tympanoplasty and
m a third also mspecuon of the antrum or
attic (2) 296 ears which were discharging at
the time of operation and which did not be-
come dry despite pre operative conservative
therapy  Sixty three per cent had choles-
teatomna n the tympanmic cavity and antrum,
and the remaming 37% had granulating otts,
or had previously undergone radical surgery
elsewhere In over 75% of the cases, the
operation could have been performed in two
stages, either because of extensive choles-
teatoma, pathological muceosa or destroyed
ossicles In 43%, the stapes arcade was ab-
sent We performed modified radical mastord

ectomy with remov al of the postertor osseous
wall of the meatus, m 50% leaving a small
edge of the brudge In the same situng, the
meddie ear and the meatus were reconstructed
with fascia, and the cavity obliterated by
means of a muscle flap

Hearing

Detailed reports on the hearing results have
previously been published (Tos, 1974), and the
pnimary results—3-9 months after the opera-
ton—have been compared with the late
results~—2-10 years after the operauon In
4-10% of the cases the late results were found
to be poorer than the pnmary results The
most frequent causes of later reduced heanng
were adhesive changes in the muddle ear and
presbyacusta Related to the pnmary results
the late results were not poorer i1 the group of
discharging than 1n that of dry ears This
means that 1n the long run a successful one-
stage reconstruction of a discharging ear can
be mamtained just as well as that of a dry ear

Discharge and recurrent perforation

In the group of discharging ears 90% were dry
dunng the period of observation 2¢% con
tnued to discharge while 8% discharged
occasionally due to recurrent perforation

Late results in fnmpanoplasn 283

Fig 1 State after conservanve radical operation with
abliteration of the cavity and reconstruction of the aud:
tory meatus A re pneumatized epitympanum  and
antrum B the epitympanum re-paeumatized the rest
obliterated € the epstyMpanum 1s a small open cavity
the rest has been obhterated

Among the dry ears only one discharged
occastonally all the other remained dry Re-
current perforation of the drum occurred n
8%

Recurrent cholestealoma

This occurred in 3 45 of the discharging but
in none of the dry ears The finding of re-
current cholesteatoma did not lead to diffi-
culttes 1 the tympamc cavity In 407% the
epitympanum and 2ntrum were re-pneuma

uized (Fig 14) The meatus was completely
restored without cavity but its supenor wall
was soft and consisted of shin and fascia which
bulged by the Valsalva test At fallo“fup.w

- Actac
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recurrent cholesteatoma, 1f any, would easily
be noticed through this soft wall Likewise,
1t would be eastly recognizable n the 32% of
the cases tn which ouly the emitympanum had
been re-pneumatized (Fig 1B) and the antrum
obliterated, and 1n the 27% n which the epi-
tympanum was an open cavity (Fig 1C)

DISCUSSION

The hearing results obtamned i Sheehy &
Crabtree’s senes (1973) are very fine (Table I,
especially 1n view of the extent of pathological
changes and ossteular destruction It should be
borne 1n mind, however, that there were twice
as many operations and that they were per-
formed by surgeons of wide expenence and
high technical skil The time of observation
was short 6 months 1 32%, 1-2 years m
32¢% and 2-6 years n 365, and hearing wll
probably be somewhat reduced at a later ime,
particularly m the patients with tubal mal-
{function
Our results of operation on discharging ears
1n one sitting are somewhat poorer but, with a
period of observation of 2-10 years, not so
much poorer that we would consider 1t justi-
fiied, because of the hearing gamn to alter
our present practice and employ planned two-
stage operations Cases of complete functional
failure and cases 1 which re operation can
reasonably be expected to improve the heanng
can always be subjected to a second operation
at a Yater ume
Another argument agamnst two-slage proce-

dures 1s tubal function Even though mn many
cases, poor pre-operative tubal function will
improve after the first operation (Tos, 1974),
there will always be some ears in which tubal
function remains poor after the operation and
1 which the second operation will not give the
desired mmproved heanng and mn which ad

hesive changes will appear at 2 later time all
the same To prevent such changes Silastic
has been used to an mcreasing extent, and this

Table 1 Hearing results in staged tympano
plasty (Sheely & Crabtree) compared with
those obtained in one-stage tympanoplasty

Postoperative bone air
gap

Na of 0-10 0-15 0-20 8-32
cases (%) (B} (B (D

Sheehy & Crabtree 273 37 67 BS
Tos discharging ears 2% 41 73
Tos, dry ears 300 68 9

two-stage procedures n which the Silastic was
removed 1n the second stage Instead of
Silastic, we have lately changed over to a gel
film (Falbe-Hansen & Tos, 1975) which can be
resorbed and with which we obtan better
results than with Silastic The most weighty
argument 1 favour of staging 1s the high fre

quency of recurrent cholesteatoma which
Sheehy & Crabtree experienced n therr series

wn the tympanic cavity tn 25% of 314 revised
cases, and m the epitympanum 18 33% of 99
re-explorations of the mastord A high choles

teatoma frequency was found to follow
especially the mtact wall technique, which
was therefore staged to an increastng degree

In our series, we found recurrent choles

teatoma n 3 46%, and we do not feel that the
fear of recurrent cholesteatoma should indi

cate staging Our method of operation has
been essentially different, however, as we
have changed the postenor osseous meata!
wall wata 2 narrow hadge and, at the least nsh
of mncomplete removal of the cholesteatoma

removed the bridge either entirely or parually

The high frequency of recurnng choles

teatoma 1s alarmmg, and one cannol be
certain that the cholesteatoma 1S defintively
removed at the second stage

ZUSAMMENFASSUNG

Auf Grundiage des Spatergebmssen 300 Ohren 1n den¢?

) noplaspk und in 296 flieBenden Ohren in denes
fartrde und Ty k auf demselben

has been used as an argument for pl d
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Sitz vorgenommen wurden werden die mit Stufung der
Tympanoplasuk verbundenen Probleme diskutiert Dre
Resultate 2 10 Jahre nach der emstufigen Operation
wurden befunden die
Cholesteatom Rezidivfrequenz  war  medng 3 4%
Anstelle zwerstufiger Operation wird beflirwortet die in
funk fler Hinsicht total Falle somede
Fille von denen es mut ermger Sicherhert zu erwarten
15t dafl Neuoperation das Horvermogen noch werter ver
bessern ward neuzuopeneren
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SECRETORY OTITIS MEDIA
Pathology and Pathogenesis Related to Chuical Picture

M Tos

From the ENT Uniersiy Chmc Gentafie Hosputal Copenhagen Denmark

Abstract Secretory otitis 1s divided mto three stages and
from a d of the path taking
place 1n each stage 1t ts attempted to explain how secre
ton 15 generated and why 1t stops The mtial stage 15
chwractenzed by inflammatory changes by way of
capillary dilat and 1 mfiltra
non increased goblet cell density and formauon of
mucouy glands the secretion 15 exudative with admixture
of mucus The secretory stage 15 dommated by secretion
of mucus from the metaplastic mucosa with extremely
kigh density of goblet cells and glands In the degenera
five stage the production of mucus abates because the
goblet-cell density decreases and the glands degenerate

The flurd accumulating behind the ntact drum
w chronic secretory ottis 1s a product of
various processes in the tubal and middle ear
mucosa These processes have started long
before the principal symptom—hearing Joss—
mantfests itself, but also after the clnical
symptoms have abated processes are tahing
place wn the middle ear and the auditory tube
which may lead exther to cure or relaps= of the
disease In the present study, these

are reviewed and related to the chmi ire
of the disedse
For acentury, many mves
~n of he ¥

concerned with
middie ear secret™ N

ture, see T0s, 1 erat.
been advanced ex
(Pohitzer, 1878), o?
~ 1

tion that the
from the Jow pt
exudanon
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assumes that the flud 1s an exudate with a
higher protem content than serum The
demonstration of the secretory abiity of the
nuddle ear mucosa (Sade, 1966 Bal, Pedersen
& Tos 1971) muks a great step forward and
forms the basis of the sccretory theory

MATERIALS AND METHODS

The entire tubal and nuddle ear mucosa Was
studied 1n necropsy specimens from foetuses
prematures and wnfants normal children chil
dren with secretory ofitis 1n the inttial stage
normal and abnormal adults Furthermore
a study was made of over 5000 biopsy speci
mens taken from the mddle ewr mucoss
during surgery n 496 pauents with disorders of
the muddle ear 85 were children with secre
tory ottis i the secretory stige and A8
matnly adults had chronic adhesive ouus
which 1s the termmal stage of secretory otius

All speciméns were stuned by the PAS-
alcian blue ™ole mount method and the

density of ¢ cells and mucous glands %as
determ: atively Subsequently the
vivg cut wmto senial sectons
stained « ,hin eosin and alcian blue
anu . ed

LRt )
The © o stages (1)

from the action



of the aetiological factor on the muddle-ear
mucosa tll secretion accumulates and causes

Secretory ons media 287

number of goblet cells, the production of
mucus 1s also Increased, and the exudate
therefore b admixed with mucus

symptoms, durmg which the first )f
changes occur m the mddle ear mucosa,
clinical symptoms are muld, onginating mamly
from the tubal occlusion which 1s always pres-
ent (2) The secretory stage, which 1s dom-
nated by mucous secretion with the well-
known symptoms of flmd accumulation (3}
The degeneratne stage dunng which the
mucus production decreases and the chmcal
symptoms vamsh, provided that ureversible
adhesive changes have not developed—if so,
the disease has gone mto 1ts termmal stage,
chronic adhesive otitis

PATHOLOGY AND PATHOGENESIS

The rrunal stage 1s charactenzed by mflamma-
tory changes starting in the larmina propria by
way of capillary proliferation and dilatatton
as well as lymphocytic nfiltration These
changes soon nduce hyperplasia and differen
tiation of the epithehal cells with subsequent
metaplasia of the epithelium 1nto pseudostrati
fied columnar ciliated epithelium with
creased goblet cell density and formation of
mucous glands (Tos & Bak-Pedersen, 1975a)
The most crucial process 1s the gland forma
tron which sets 1n with mvasion of undifferen
tated epithelial cells into the lamina propna
these cells differentiate into cthary and
mucous cells, the glands become canalized
and secretion and transport of mucus from the
glands to the epithelial surface commence
The final result of the metaplastic changes s
amddle-ear mucosa remimscent of that of the
respiratory tract, 1e with great denstty of
goblet cells and glands with a high mucus
producing capacity It 1s obvious that in-
flammatory and metaplastic changes of this
type cause exud:; through the epithel:

The secretory stage 1s dominated by secre-
tion of mucus from the metaplastic middle
ear mucosa The number of goblet cells (Tos
& Bak Pedersen, 1972, 19755) and active
mucous glands 1s greatly increased The n-
flammatory processes continue, 1n the
severest cases leaving the mucosa thickened
and polypous Exudation also occurs at this
stage, but, smce the mucus-producing capac
1ty of the mucosa 1s now maximal, the secre-
tion 15 p Iy mucous @
studies of goblet cells and mucous glands
revealed great individual differences, which1s
1n good agreement with the varying degrees of
sevenity of the disease With low density of
mucous glands the accumulation of mucus will
be small, and the clinical symptoms will abate
rapidly without or after a short treatment
Conversely, with pronounced metaplasta and
a high density of mucous elements, mucus
will continze to accumulate, and repeated
drainage 1s required

It 1s a well known fact that even m the
severest cases the accumulation of mucus will
gradually dimmmsh, and this ts possible only 1f
the mucus producing capacity of the mucosa
1s impaired Processes to this effect take place
m the degenerative stage The number of
goblet cells decreases, and the inflammatory
changes subside, the epitheltum returns to
normal cuobical epithellum i one or two
layers or 1s transformed by metaplasia to
secretonly mactive stratified squamous ept
thehum (Tos, 1976) The most important
process Is the degeneration from active to
completely inactive cystic glands This de-
generation has been demonstrated quantita
tively n the secretory stage 93% of the glands
were found to be active agamnst only 11% 1n
the termmnal stage (Tos & Bak Pedersen,
1973) The end result ts a dechne in both

an exud; which 1s d by expul-
ston of epitheltal cells and Iymphocync mxgm—

and mucus production Provided
(hat tubal funcuon returns to normal, the

ton Owing to the ¢ d

secretion will be camed to the
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rhinopharynx, and the patient becomes free of
symptoms Whether secretion will reaccumu-
late n the middle ear depends on the mucus
producing capacty of the mucosa and on the
ability of the tube to carry the mucus away

DISCUSSION

Based on the description of the secretory
pathogenesis and of the pathologtcal findings
in the mucosa, an attempt 1s made to explan
how mddle-ear secretion 15 generated, and
why it ceases The secretion must be regarded
as a mixture of exudate and mucus, with the
exudate dommnating in the imtial and the
mucus in the secretory stage At all stages
flud 1s also absorbed (Lim, 1975)

‘Whether transudation ex 1acuo also occurs
1 the 1mitial stage could not be proved histo-
logtcally, but we could prove that exudation
takes place which, at all stages, accounts for
the non mucous element of the secretion
In the mtal and the secretory stage, the
muddie-ear pressure 1s always negattve Durning
the period with the dram operating well, the
function of the auditory tube 1s usually
markedly pathological (Renvall, 1975) In the

egenerative stage 1 ¢ after expulsion of the

rain, the muddle ear pressure Is likewise

egative Tubal occlusion may be present for
a long ime without giving nise to transudatton
ex vacuo By expenimental tubal occlusion
with simultaneous drainage of the drum no
flurd formed in the middle ear (Proud & Odo,
1970), and this 15 taken to be the most impor-
tant evidence 1n support of the hydrops ex
1acuo theory In my wiew, these experiments
demonstrate only that tubal occlusion 1s the
prncipal aetiological factor 1n the production
of fluid, whereas they reveal nothing of how
the fluid 1s generated Qur histological studies
of the wmfantile middle-ear mucosa however
showed the same changes 1n tubal occlusion
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as those seen In the imitial stage of secretory
otitis

ZUSAMMENFASSUNG

Sekretorische Otitis wird 1n dres Stadien emngeteilt und
durch emne Beschresbung der pathogenetischen Pro-
Zesse Jedes Stadiums wird versucht zu erklaren wie die
Sekretion entsteht und warum sie avfhort Im Tntial
stadium  werden nflammatonsche Veranderungen in
Form von Kapiltarditatation und Proliferation Lympho-

Vi der Bech ht sowze
Glandelbildung gesehen das Sekret ist en mt Schlem
vermyschtes Exsudat Im Sehretionsstadium dommtert
die Sekretron von Mukus aus der metaplastisch verander

ten mit sehr hoher Bech und Gfande)
dichte Im Degenerationsstadium mmmt die Mukus
p k ab weil die B Iidichte abmimmt und die

Drusen degeneneren
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THE NATURAL COURSE OF MENIERE'S DISEASE

R Haye and Sv Quist Hanssen

From the Department of Otolaryngologs Unn ersin Hospital
Rikshospitalet Oslo hormay

Abstract The case history and disability of 111 patients
suffering from Meniere s disease are reported Observed
for more than $ years the patients have had no or only
medical treatment 1n most cases of short duration The
number of patients disabled and their degree of disability
seems to yusufy surpcal treatment i patients wath fre-
quent and incapacitating attacks of vertigo

In 1861, Prospere Memere descnibed the
pathological picture of the disease now beanng
his name, and clatmed that 1its cause had to
be found in the labyrinth (Opheim, 1965) 77
years later, Hallpike & Cairns (1938) demon
strated the “endolymphatic hydrops™ in the
labyninth of two patients with Memere's dis
ease who died after sectton of the acoustic
nerve The endolymphatic hydrops has been
descnibed by a number of investigators (Alt
manetal , 1943, Lindsay etal 1958, Golding
Wood, 1960B, Seymour, 1960, Knstensen,
1961, Kohut et al , 1972)

Even 1f the distension of the cochlear duct
and the saccule and ruptures of the endo-
lymphatic system (Schuknecht et al, 1966,
Kohut et al , 1972) should be the cause of the
symptoms, we do not know how the distenston
anses (Lindsay 1947, Egmond et al, 1956,
Williams, 1965) nor how 1t produces the
symptoms of Meniere s disease

The lack of knowledge has lud the field
open to hypotheses based on
behef A number of causes |
negative pressure in the midd,

1966, Lall, 1969), salt and flnd dysregulation
(Schick, 1943, Hoogland, 1992, Tokita et al
1971, Angelborg et al , 1973, Thomsen et al ,
1974) (demed by Golding-Wood, 1960a),
bolic der (Shambaugh Jr, 1959,
Powers 1972, Pulec, 1972, Godlowshi, 1972),
allergy (Wilson, 1972, Pulec et al , 1973), vaso-
motor dysfunction (Mygind, 1947, Hoogland,
1952, Seymour et al, 1953, 1960, Derlacki,
1956, Wildhagen, 1958, Goldmg Wood, 1960¢,
Willlams, 1965) Some authors stress the
importance of psychic factors (Fowler et al ,
1956, Surala et al, 1965, Wiliamson et al
1971), others find them of no importance
(Pulec, 1972} and think that the psychic reac
tion 1s a result of the disease (Jonghees, 1964)
Suggested causes of Memere's disease are
numerous, and so are also the treatments
proposed (Syoberg, 1964, Hinchchffe, 1972)
According to some authors the majority of
patients are cured or suffictently :mproved by
medical which 1s d d by
vasodilators, histamines, diwretics and os
motically active substances (James et al ,
1960, M Portmann, 1964, G Portmann, 1965,
House 1965) Others find that drugs have no
effect and think the patrents are cured without
any treatment (Permim et al 1957, Jongkees,
1964 House 1965 Pichard 1967) In spite of
this, surgical treatment has been widely used
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Table 1 Age distribution

51-60 61-70 71-80 =81 Total
39 27 19 4 mn

Years <30 3140 41-50
No of panents 3 s 14
Table I Occupation
Men Women
Farm 10
Office 2 2
Industry 3 1
Teaching 6
House wife 29
Qther 17

obtamed good results by grommet insertion
nto the ear drum Arslan’s (1969, 1972)
hyperosmosis treatment by sodium chlonde
crystals on the round window membrane 1s
supported by the experimental investigations
of Galle and Sregels (1975} Cervical sym-
pathenic block or sympathectomy (Hoogland,
1952, Seymour, 1953, 1960, Golding-Wood,
1960¢), section of the eighth nerve (Altmann
etal , 1943, Golding-Wood, 19605), or only its
vestibular part (Fluur et al, 1965, Malmros
et al, 1966, Stupp et al, 1974) have given

N

good results, but alse serous complications
(Hallpike et al , 1938, Altmann et al , 1943)
At the present time, operations on the laby
nnth are most frequently used, as “dramage
procedures™ (M Portmann, 1964, Cawthorne
1964, G Portmann, 1965, Fick, 1965, House
1965, Turner et al , 1973), destruction of the
labyrinth by ultrasound (Bran et al, 1960,
James et al , 1960, Sjoberg, 1963, Pennington
et al, 1970, Oberhand, 1973, Stahle et al,
1973) or labyrinthectomy (Golding Wood
19606, Cawthomne et al , 1967) Even these
operations have not been without complica-
tions

Memere's disease attacks both ears with a
frequency ranging from 10 to 70 per cent (Alt
mann, 1943, Golding-Wood, 1960c, Caw
thorne, 1964, Opheim, 1965, Bergman et al .
1966, Cawthorne et al , 1967, Rudert et al
1974) The nisk of bilateral disease has made
some authors refrain from surgical treatment
whereas others have opened the endo-

'
4 dable Il Observation ume from first attack of vertigo

Years 5-9 10-14 1519 20-24 2529 3034 3539 =240
No of patients 24 27 29 18 4 3 a 1
Table IV Age at first attack of vertigo
Years =10 11-20 2130 31-40 41-50  Sle0 6170 >0
No of patients 2 10 24 30 26 13 3 i
Table V Symptoms at first and later attacks of vertigo

Full

ness m Heanng Non No of
Symptom theear  Tinmtus loss Vertigo  Nausea  Vomn  form  pits

"
tack 53 83 79 11 102 9

{larlselra;lulcks 51 97 10 106 87 68 1 107
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Table VI Duration of first attack of vertigo and longest duration of later attach of vertigo

{number of patients affected)
H=hours D days

Duration <iH -SH 6-24H 1-7D =7D Nowform  Total
First attack 14 39 30 19 4 5 tt
Later attacks 14 32 27 19 6 9 107

Table VII Number of attacks of vertngo a
year in bad periods

No of 0 -3 46 729 230 Nom
attacks form

No of 4 2 18 17 35 16
pauents

Iymphatic sac 1n both ears with good results
(Rudert et al , 1974)

Surgical treatment may be justified, pro-
vided it can, on long terms offer the patient
a situation decisively preferable to that given
by the natural course of the disease in order
to know this course we have, therefore
studied a group of practically untreated pa
tients with Memere's disease

The diagnoses were based on a character
1stic case history, audiological findings and m
almost all patients on additional results of

hthatmol 1

nevrological and X ray examinations and
routine laboratory tests (Opheim et al

1957) A questionnaire was sent to 138 patients
examined n our department from 1960 to
1970 111 rephed to 1t Four had been treated
surgically and therr case histones are icluded
only untll the time of operation 31 pauents
had received no treatment at all, 70 had
medical treatment for a few weeks, four also
massage on the neck, and two repeated infla
tton of the Eustachian tube Only 10 patients
used micottnic acid for any length of time,
but continued to have symptoms

As appears from Table I 72% of the pa
tients who answered the questionnaire were
between 41 and 70 years, 2/3 men, 1/3 women
{Table I1) The mverted relation was found by
Permin et al (1957)

Qur department has recewved all patients
referred for vertigo and heanng loss without
regard to domcile age, sex and occupation
(Table I} Vertigo 1s the alarmmg symptom
and we have therefore as Surala etal (1965)
regarded the first attack of vertigo as the onset
of the disease The observation penod (Table

Table VII1 Longest period without attack of vertigo
Four patients operated upon are not included  there 1> no iformation on 14

M=months Y=years

“IM

16\ 7-2M 2Y
No of patients n 6 18 ?

3y
9

4Y 5Y 6Y

79Y 10-13Y auY
6 6 s 13 9 3

Table IX Both ears affected

Time interval berweer
Years 0 1-5 ¢
No of patients 13 1" H
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Table X Hearing

No of
patients
Good 21
Medium 40
Poor 43
No wnform 7

IH) 1s 5 years or more for all the patrents, for
60 more than 15 and for 31 More than 20 years
The age at the first attack of vertigo 1s shown
i Table IV As found by others (Permmetal ,
1957, Golding-Wood, 196056), 40% of the pa-
tients had heanng symptoms preceding the
first attack of vertigo, 1n 2/3 by less than 3
years, in five patients by more than 10 The
first attack was usually dominated by vestib-
ular symptoms, later attacks more by tintutus
and heaning loss (Table V) The duration of
the first and the longest later attack were al
most the same (Table VI} and tn about one-
half of the patients less than 6 hours In bad
penods, 13 had more than 30 attacks of
vertigo per year {Table VII) The longest
period without attack of vertigo was mn 399 of
the patients 5 years or more (Table VIII)

Four patients had only one attack of vertigo
m add:tion to the hearing symptoms

As previously mentioned, 4 patents had

been treated surgically for frequent and -
capacitating attacks of vertigo Two had been
free from vertigo for 5 and 9 years, respec-
tively, after ultrasound treatment, one for €
months after labyninthectomy one for 16
years after section of the eighth nerve before
he had new attacks and impaired hearing in
the other ear One patient was treated with
salt crystals in the middie ear with no effect

Five additional patients had been free from
vertigo, 2 for 10 years, one of them after
dnnking 2} hitres of milk a day for some time,
the other after a cure with herb tea, 3 after
massage of the neck, one of them for 14
years As many others, two of the latter had a
slight osteochondrosts of the cervical spine

Acta Orolaryngol 8

In 41 patients (379) both ears were affect
ed, 1 24 at intervals of less than 6 years
(Table IX) 51 patients had a driver's licence
6 had a case of Menere's disease among
their relatives 83 patients were hard of hear
ing (Table X) Eight had tried a hearing aid
without success, 30 used an aid, but only 24
benefited from 1t Other complaints and dis
abilittes are given 1 Table XI Qur study
confirms the expenience of others, viz that
Mentere’s disease shows a highly capricious
and varying course which cannot be predicted
n the individual case This and the jong remts
sions prevent a realistic evaluation of the
results of treatment

After medical treatment, or no therapy at
all, the majority of patients with Mentere's
disease get nd of thew attacks of vertigo,
but 1n most cases only after several years
Sequelae of the disease, tnnitus, heaning loss,
imbalance and fear of new attacks of vertigo
are frequently incapactiating (Table XI)

Thanks to developments 1n surgery on the
labyninth during recent years we therefore
think 1t reasonable to try this kind of treat
ment 1n cases of Meniere's disease with fre
quent and incapacitating attacks of vertigo It
should not be forgotten, however, that each
attack may be the last one Whatever the treat
ment chosen our senes confirms the value of
psychotherapy (Syoberg, 1964) and the view
expressed by Jongkees (1964), vez 10 gom the
patient's confidence 15 the basis for all treat
ment of Meniere s disease

Table XI Complamts and desabieties (1=111)
Present Nomform

Nervousness 61 7
Difficult walking at dusk 51
Accidents from verigo ¥ 2
Unfit for work

teeparary first year 20

|asm;g 25
Difficulties

at work 57 6

at home 32 &

among fnends 36 6
Penstoned before time 35 ?




ZUSAMMENFASSUNG

Die Krankengeschichte und die Invaliditdt von 111 Pa
tienten mit der Memereschen Krankhest werden mitge
teilt Beobachtet mehr als finf Jahre hatten die Kranken
keine oder nur eine

medikamentelle Die Zahl der hranken die stark be

Natural course of Meniere s disease 293
hindert waren und der Grad shrer Invahditat schemt
chirurgische Emgnffe zu berechtigen i jenen Kranken

die von haufigen und invalidizierenden Schwindelanfallen
belastigt sind

List of references may be requested from the authors
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LITHIUM TREATMENT OF MENIERE’'S DISEASE

Results of a Double blind Cross over Trial

J Thomsen, P Bech, A Geusler, S Prytz, O J Rafaelsen,
P Vendsborg and K Zilstorff

From the Unn ersity ENT Department and Psychochenustry Insnute
Rugshospualet Copenhagen Denmark

Abstract 21 patients with Mensere s disease particrpated
n a double blind cross over tral with 6 months Jithwm
treatment and 6 months placebo treaxmenl Even if the
results were not
was found between lithium and plzcebo lr:atmem The
resplts might imply that both other medical as well as
surgical treatment of Memeres disease exert a pure
placebo effect so far no comrolfed nvestigation has
been published establishing the value of surgrcal treat
ment of Menrere s discase

On the assumption that the hydrops of the
endolymphatic space present m Meniere’s
disease ts due to a defective transport of water
and 10ns between the endo- and penlymphatic
space, the authors i an open pilot study
treated patients with this disease with hthium
carbonate, as ithium among many brological
effects acts on the transport of 1ons across
membranes (Thomsen et al 1974) The
results showed that m 70% (21 patients) the
effect of the treatment was excellent as
assessed by the reduction in the frequency and
seventy of the attacks Although a placebo
effect could not be ruled out in the open tnal
the high and persisung effect justified con
unued mnvestigations mto the effect of hithium
upon Meniere's disease

We therefore planned two controlied 1nves
tigations of the possible effect of ltthium upon
Meniere's disease

1 The 21 patients who responded positively
1n the open tnal now participated 1n a closed

Acta Orolanngel8*

double blind cross over tnal, with 6 months'
treatment and 6 months’ placebo treatment It
1s the results of this tral that s presented
here

I Another double blind cross over tnal
this tume with fresh cases of Meniere s disease
with the same design as mentioned above
The results of this investigation will be pre
sented 1n a subsequent publication

Each week, all the patients filled 1n a iz
ness questionnarre 1n which the frequency of
the attacks, as well as the duration and sever
ity of the mdvidual attach were recorded
All symptoms within the Memere symptom
complex (hearing loss, tnmtus, dizzmess
nausea, vomiting, pressure 1n the ears) were
also recorded

The patients’ own statements could be
directly transferred to punched cards and the
computer At the end of the tral, the p2
tients’ scores, as well as the total score and the
scores for the imdividual symptoms could be
compared for the two treatment periods

The serum-hthum concentration
cheched every 2 weehs All the patients were
hept on serum lithium levels within the thera
peutic range, 1¢ at least for the manio
depressive psychosis, 0 7-1 0 mmolfl 1f the
patients” serum hthium concentratton Were
found to be outside this range, chnges 1n the
tablet intahe were made, at the same tme 3

was



patient in the placebo period had a similar
comrection of the tablet intake This control
and correction of the tablet intake was per-

Luthwurn treatment of Mentere's disease 295

The investigator's monthly evaluation of the
patients’ disease did not reveal any difference
between active and placebo penods, nor did

formed by a physician at the Psy h y
Institute, who otherwise had nothing to do
with the treatment of the patients This pared
correction was made to prevent the inves-
tigator from gaimng an msight tto which treat
ment pertod the patients were

Each month the investigator filled m a
questionnare as regards any unwanted effect
of the hthwum treatment Furthermore, he
tned to evaluate the patients’ present state
of disease, giving scores from 0 to 10 depend-
ing on the severity of the disease

After the termunation of both treatment
periods the patients were asked to give their
opimon as to which period had been the best,
te the peniod 1n which they had had the
fewest attacks Audiometnc examnations
with tone audiogram, speech audiometry, and
recruitment tests (Fowler and Metz) was per-
formed at regular intervals

RESULTS

One patient discontinued treatment during the
tnal, leaving us with 20 patients who com-
pleted the trial, each with 6 months' placebo
and 6 months lithium treatment Five pre-
ferred ithum, 1€, felt best 1 the active
peniod, while 5 patients preferred the placebo
period, 10 patients had no preference

In making up the patients’ scores, both the
total scores, as well as the scores for the ndi-
vidual symptoms, 1t turned out that 10 pa-
tients had so mild symptoms that their scores

the 1c tests show any difference

DISCUSSION

An uncontrolled study can be used for a pni-
mary mvestigation of a drug or other method
of treatment, but 1s worthless for a real evalua-
tion of the therapeutic effect This necessitates
a controlled tnal, which implies that, m addi-
uon to the treated group there must be a
control group The mvestigatton must be
double-blind, t e , nesther the mvestgator, nor
the patient must be aware of which group the
patient belongs to, or what treatment he 1s
receiving at any given time

There are a number of possible designs for
the controlled trial Total randomuzation of the
patients, so that they are randomly assigned to
a treatment or control group, 15 hardly possible
for the mvestigation of Menere's disease
The two groups established by this means will
most probably be mcomparable, especially if
they are small

It 1s also possible to use randomized paired
groups 10 which the treatment and the control
group are comparable with regard to factors
like age, sex, duration and seventy of the
disease Itis, however, difficult to use this de
sign mn dizzy patients, n this case with
Menere’s disease, simce 1t 1s almost 1mpos-
sible to find completely comparable groups
with respect to a number of factors which
are difficult to define such as the mental

did not allow They
were by and large free of attacks the entire
year The remaimung 10 patients obtamned
scores of a reasonable size permtting sta
fistical calculations No difference could be
found betw.een the scores 1n the lithium penod
and the placebo period, either in the lo(al

of the patents

The above-mentioned techmques of nves-
tigation have some advantage over the cross
over techmque, since the two groups are
observed il ly, and
variations in the course of the disease are of
fess importance

scores or in the scores for the individ
symptoms There was not even a tendency in
the figures

When letely le groups cannot
be obtamed, the cross—over techmque 1s the
most swuitable, the patient 1s treated with the
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active drug and placebo for two consecutive
penods m random order The advantage of
this method 1s that ntenindividual vaniations
disappear and the treatment and contrgl
groups are as identical as possible, since the
patient serves as his own control

The disadvantage of the cross over tech
mque 1s that spontaneous vanations in the
course of the disease, which indeed exist 1n
Mentere’s disease, will mnfluence the result,
because 1t 1s necessary to compare twop
separate pertods of time¢ Another disadvan
tage of the cross over design 1s that both the
active drug and the placebo may continue tg
act after thewr withdrawal and thus have p
disturbing effect i the subsequent period

In evaluating our patients both of the above
mentioned phenomena may have influenced
the results Our patients had all had Mensere’s
disease for a number of years, since they haq
all prior to this investigation received treat
ment with lithium carbonate for an average
peniod of 18 months It 1s therefore possible
that the spontaneous course of the disease
18 to blame for the fact that the 10 patients
did not experience any attack at all in the tnaj
period It 1s however, also possible that thig
1s due to a carry over effect from the previous
lthium treatment

Concerning the other 10 patients in whom 1t
- ,)was possible to register attacks mn the entire
trial period, with no difference between the
two penods this might also be due to either
a spontaneous stabilization of the disease or
a carry over effect from the previous treat
ment

Beanng these reservations m mind we
must, however say that the results as they
are here show that ithium carbonate has no
effect upon the symptoms in Mentere's dis
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ease On the other hand, we beheve that 1t 1s
still justified to complete the trial in progress
with fresh cases of Meniere’s discase The
carry over effect will here probably be ehmi
nated, and the patients are treated so early n
the course of the disease that it has not yet
burmed out

If we assume that hthwm carbonate has no
effect upon Mentere’s disease, we are 1 a
situation where we, 1n an open, uncontrolled
trial, obtamed an excellent effect n 70% of the
patients with an inactive placebo preparation
This may imply that the current treatment
of patients with Memere's disease, whether
medical or surgical, may be a pure placebo
effect This might, at least in the case of the
surgical treatment, influence the indication for
operation, since up to ths date, no controfled
mvestigation has ever been published estab
lishing the value of surgical treatment of
Meniere's disease

ZUSAMMENFASSUNG

21 Patienten mt der Memereschen Krankheit wurden 1
eimem  doppelt bltaden Versuch kreuzwesse dorch
Monate mut Lithium und 6 Monate mut Placebo behandelt
Obwohl die Ergebmisse micht absolut emndeutig sind
wurde kemne Unterschied zwischen Lithism und Place-
bobehandlung festgestellt Es kannte an den Ergebnusset
liegen daB sowohl andere medizimusche als auch b
rurgrsche Behandlung der Mensereschen Krankheit aur
ewe reine Placebowirkung 1st indem keine Kontroll erte
Atbeit eme positive Wirkung chirurgischer Emngnfle
festgestellt hat
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ACCUMULATION OF “C LIDOCAINE IN THE INNER EAR

Preliminary Climcal Expertence utiliung Intras enous Lidocaine
w the Treatment of Severe Tinnitus

S Englesson, B Larsson, N G Lindquist,
L LyttkensandJ Stahle

From the Depariments of Otolaryngology Anaesthesivlogy and Toucology
Unns ersity of Uppsala Uppsala Sweden

Abstract Climcal expenence has demonstrated that intra
venously admumustered local anaesthetics have a mitigat
ing effect on severe tinmitus In an attempt to gain some
nsight 1nto the of this effect

Bernhard & Bohm (1954), lidocamne blocks
central nervous activity and has therefore
been used to control epilepuc fits On this

of the inner ear of young rats was
after intravenous njection of “C hdocaine Some accu
mulation of hdocaine was found tn the modiolus but
almost none 1n the stna vascularis A large accumulation
was observed in other melanincontaiung tissues such
as the hair follicles and uvea The 1 sure accumulation
of MC tabelled hdocaine adsorbed on melanmn granules
was low (12€2) as compared with that of other drugs
such as kanamyein (89¢%) and chloroquine (85¢2) These
autoradiographic results indicate that hdocaine has an
cffect upon the mnner ear m addiuon to its previously
demonstrated effect on the CNS

Tinnitus 15 a great therapeutic problem often
affecting patients with Memntere s disease
otosclerosis and various conditions of sen-

basis, the th effect of ntr ly
admimstered hdocame on unnitus has been
terpreted as a blockage of the CNS

The effects of toprcal hdocaine hydro-
chlonide upon the wner ear of cats were
studted by Rahm et al (1962) They reported
that hdocaine without epmephnne had toxic
effects upon the cochlea evidenced by a reduc-
tion in the magmtude of the electrical re-
sponse, which persisted for up to three days
On the other hand, additon of epinephrine
ma of 1 100000 pi d such
effects They therefore advised agamst the use
of topical hdocaine without epinephnne

sory neural deaff The patho phy
basts of this subjecuve tmmitus ts sull un
known It remams to be explamed whether
it anses mn the cochlea, the spiral ganglion
or the afferent pathways on the one hand or
onginates more centrally through the incorrect

coding* of the normal flow of impulses on
the other

Local anaesthetic agents admimstered intra
venously can temporanly reduce tnmtus
(Bdrdny, 1935, Fowler 1953) an observation
which was confirmed by Geyrot (1963) who
used lidocaine in the treatment of vertigo 1n
attacks of Mentere's disease According to

Ward & | bia (1969) studied the effects
of dilute concentrations of hdocaine admn-
tstered as a micro perfusion of the scala
tympami on the electrical potentials of the
mner ear of gmnea pigs They reported
reversible decreases i the cochlear micro-
phontes (CM) and eighth nerve action poten
tals (AP) The relatively greater sensitivity
exhibited by the AP, as compared with that
of the receptor potentials, was in agreement
with the observation of the effects of local
anaesthetics on the behaviour or penpheral
nerves and other end-organ receptor poten-

tials
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On the basis of previous findings of the
accumulation of drugs on melanin (Potts,
1962 Lindquist 1973, Lindquist & Ullberg,

¥ » 1975) on the one hand and chincal expenience

of the mtigating effect of mtravenously ad

ed local hetics on severe
tinnitus on the other we assumed that the
therapeutic effect was due to some local action
of hdocatne on the inner ear The expenmental
and clinical results of our studies are reported
below

RESULTS

“Adsorption of “C-labelled hdocaine

by melanin

«78 o Lngiesson et al.
Harr follicles Modiolus
H I S TPl N
Y gl FR -
'y z S g2
' :
P Fig 1 Detal of 2n auto-
9 ) *  radiogram of a young
- pigmented rat 1 hour after an
53 -l’/ Intravenous injection of “C
~ - hdocaine There 1s a lage
« accumulation in the uveal
tract and harr follicles and
some accumulation in the
. modiolus
Uveal tract

the uptakes of hanamycin (89%%), chloroquine
(85%%) streptomycin (60%) and sahicylic acid
(0%) (Lindquist, 1973)

Whole body autoradiography

Previous autoradiographic investigations of
chloroquine labelled with ¥C have shown an
accumulation of the drug on the melanin n
the mner ears of young pigmented rats,
whereas no accumulation occurred i the
mner ear of an albmo rat (Dencher & Lind-
quist, 1975)

Autoradiography at intervals varying be-
tween 5 min and 28 days, following the intra
venous injection of “C-labelled lidocane, has
shown and retention of lrdocaine

Inyvuro investigations, using beef eye
according to Potts, showed that “C labelied
lidocaine has a relatively low melamn affinity
(129%) Ths figure should be compared with

Acta Orolarvagol 82

1 the melanin beanng lissues of young rats
(Fig 1) The most obvious accumuhiions
were found tn the uvea and the hair follicles



In the mner ear a sparse accumulation
was noticed in the modiolus in pigmented rats
up to 24 hours after the mjection whereas
no accumulation could be seen at longer sur
vival imes Unlike chloroquime no accumula
tion could be detected in the stria vascularis
Albmo rats showed no accumulation of lido
caine at all in the inner ear

Toucological studies
The ability of chlorog and hd to

Accumulation of ¥C hdocaine in inner ear 299

Simce the early thirties ntravenously ad
munistered local anaesthetics have been
known temporarily to reduce tinmtus The
local application of anaesthetics in the muddle
ear has the same ameliorating effect The
topical treatment however seems to have
ceased owmg to the toxic effects noted n
expenments on ammals The observation of
the capacity of melamin to take up vanous
drugs led us to repeat the therapeutic trals

accumulate 1n melaninbeanng tissues prompt
ed us to study patients who had received rdo
catne anaesthesia (dosage 6 mgf/kg body
weight per hour) The total dose of hdocaine
per patient was 1000-1500 mg Heanng and
sight were checked before and one day after
the anaesthesta No functional disturbances
related to hdocaune were noted

Therapeutc trials

Lidocaine treatment was given in the form of
repeated intravenous injections 1n an attempt
to reach a high serum level and a high uptake
of hdocame in the mner ear The dose was
0520 mg/kg body weight given ntra

venously 10 times daily for 5 days The treat

ment senes comprised 8 patients with severe
and disabling tinmitus (Meniere s disease 3

post traumatic nner ear lesion 1 advanced
otosclerosis 2 extenstve sensory neural deaf

ness 2) Two patients were totally refractory
to the treatment All the 6 patients

with d of local an
aesthetic agents after having shown a discrete
accumulation of radioactively labelled lido-
caine in the modiolus of young rats

The i virro accumulation of hidocaime on
melamn 1s much less than that of chloroquine
Toxtc effects of prolonged treatment with
chloroquine have been reported not only in
the form of retinopathy but also 1n the mner
ear (Hart & Naunton 1964) Lidocaine onthe
other hand has not such toxic effects as faras
we know In order to shed further light on that
question a senes of 15 children who m 1969~
70 all recerved hidocamne (4 mg/kg body weight
per hour) for several weeks for spasms after
birth wall be examuned with respect to heaning
and vision

Autoradiographic studies on young rats
have losed an of hd
on the melanin in the uvea the skin and to
some extent the modiolus Unlike chloro
qume however no detectable amounts of

ous

gamed freedom from tinrutus lasting from 2-5
minutes after one imjection up to several days
after completion of the treatment senies Two
of these 6 patients reported a considerable
reduction of their tinmitus lasting two months
and then followed by a gradual return to the
pnmary intensity level Repeated courses of
treatment were given in the two lastmentioned
cases agan with ameltorating effects No
senous side effects occurred

DISCUSSION

There 1s an urgent need for some long term
treatment to reduce severe subjective tinmtus

Ird: could be traced in the stnia vasculans
and 1n the planum semilunatum Two possible
of the Iy different
uptakes of these two drugs may be constdered
Fust 'C labelled lidocame in detectable
dosages was not taken up by the scanty
melamn in the stna vasculans This possibil
ity 1s supported by our finding of a sparse
win virro uptake of hdocamme on melanm
granules pared with that of chloroq
Secondly there may be a discrete impediment
to hdocame 1n relation to the stna vasculans
The latter hypothests may be in accordance
with the complex adsorption pattern of
melanin  An actual example of this 1s genta

= R
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mycin, a drug which 1s amply taken up by
melanin granules i vitro but not i vive

QOur finding of an accumulation of idocame
1 the modiolus 1s 1n good agreement with the
results of Ward & Honrubia (1969), who
reported that hdocaine has a more pro
nounced paralysing effect on the eighth nerve
action potentials, compared with its effect on
the receptor potentials The mitigating effect
of Idocame on unnrtus may thus to some
extent be due to a presumed eghth nerve
action potential  anaesthesia  The melamin
content of the mnner ear, especially m the
modiolus which probably vanes among indt
viduals, may be of essential sigmficance for
the therapeutic results

ZUSAMMENFASSUNG

Khmsche Erfahrung hat gezegt daB intravenos verab
rexchte Lokalanasthetika emnen muldernden Effekt ber
schwerem Tinnstus bewirken Ber dem Versuch emen
Emblick 1n den Mechamsmus dieses Effektes zu ge
winnen wurde emne Autographie der Innenohren von
jungen pigmentierten Ratten durchgefuhrt und zwar
nach der intravenosen Injektion von C' Lidocamm Eine
gewisse Anbaufung von Lidocain kam 1m Modrolus vor
aber fast keine mn der Stna vasculans Eine groSe An
haufung wurde m anderen melaninenthaltenden Ge
weben beobachtet wie Haarfollikel und Ulvea Die
n von C“ Lidocarn
adsortiert zn Melamngranulen war genng (12%) ver
ghichen mut anderen Drogen wie z B Kanamycm (89 %)
hund c (85%) Diese Re
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sultate zeigen darauf hin da Lidocain emnen Effekt auf
das Innenohr hat zusatzhich zum fruher erwresenen
Effekt auf das zentrale Nervensystem
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INTRAVENOUS XYLOCAINE IN THE TREATMENT OF ATTACKS
OF MENIERE'S DISEASE

T Geyrot

From the Department of Otolaryngologs Lasarettet Ansnanstad Sweden

Abstract The effect of xylocaine on epileptic attacks
suggested a study of its effect in attacks of Memere s
disease, as the symptoms can be very much alike in the
two conditions The results were found to be excellent
especially as regards the vegetative dysfuactions In
attacks of Meniere s diseae the tinnitus disappeared for
20 minutes vomiung generally disappeared for good
and nausea for an hour or two Nystagmus was un
affected

Stmilar symptoms 1 attacks of Mensere's
disease and eprleptic serzures without loss of
consctousness have prompted the use of xylo
came 1 antepileptic dosage in attacks of
Meniere’s disease A one per cent solutton
without epinephnine 1s used 1n a dose of 1 mg
per kg body werght admimistered mtravenous-
ly at a rate of 6 mg per munute It 1s given
dunng attacks and i perniods with severe
nausea

The results of this antiepilepuc therapy n
attacks of Menteres disease have been
stnkingly good especially as regards the
vegetalive reactions In most cases, the
nausen and vomiting disappear dramatically
after about a munute and the panient can move
about freely In other cases the relief 1s s0
good that the pattent can sit up and take a meal
without )} If the sympt: are
continuous, xylocaine infusion may be used
Tinmtus usually disappears for about 20
20 262959

runutes, following which 1t gradually returns
In this antieprleptic dose xylocamne has no
sedative side effects and does not change
the pure tane audiogram or nystagmus

As 1n seasickness, there are two forms of
attacks of Mentere's disease Xylocaine 1s
vseful m the so-called agitatonc type with
vomung, nausea and anxiety In the asthenic
type with depresston nausea and decreased
blood pressure, 1t has htile or no effect In
1963, the results obtamed n eleven patients
treated with xylocane 1n attacks of Mentere's
disease were reported by Geyrot  Since then,
hundreds of pauents have been treated with a
single or repeated doses of 1-3 mg per hg body
weight

Contra indications are bradycardia serious
types of conduction disturbances of the heart,
and a known history of hypersensitvity to
local anaesthetics of the amuide type There
have been no complications and the results
have been excellent, parucularly n the
agitatonc type

In epileptic seizures xylocame acts at the
cortical level The favourable effect of anti-
epileptic therapy on similar vegetative disturb-
ances 1 agitatonic attacks of Mentere's dis

case seasichress and calonc stimulation
suggests an epileptic equivalent
pilep! q P
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Die Wirkung von intravenosen Dosen von Xylocam auf
epileptische Attacke veranlaBte e Studium der Wur
kung in der Menereschen hrankheit da die Symptome
sehr ahnhich sein honnen Die Ergebmisse waren sehr gut
speziel betreffs der vegetativen Storungen In den Altac
ken der Memereschen Krankhert horte das Sausen
wahrend 20 Minuten auf Esbrechen verschwand im all
gemeimnen uberhaupt und die Ubelkeit wahrend einer
Stunde oder zwet Nystagmus wurde mcht beernfluBt

Acta Oolaryngol 8
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SURGICAL. TREATMENT OF MENIERE S DISEASE

T Palva J Kanjdand A Palva

Fram the Departments of Otolarsngology Universtties of Helsinkt and Oule Finland

Abstract Results are reported of the effect ov vanous
surgical methods on vertgo i Memere s disease Minor

Tike or of NaCl
crystals in the round window may effect a cure but often
results in deaf ears Vestibular nerve section seems to
offer the best relief of verugo while generally sull pre
serving residual heanng

The surgical treatment of Memere’s disease 1s
based on three principles Furst, certain proce-
dures aim at improving the drammage of endo-
lymph and thus at re establishing the spatial
relations of mner ear flnds Secondly, other
stull conservative methods aim at partial
weakening of the vestibular receptors The
third prmciple 1s based upon disappointment
expenienced with the two above mentuoned
methods and attempts to discontinue totally
the signals from the diseased labynnth

Deconpression procedures

The oldest method still n use 15 decompres
sion of the endolymphatic sac This was
mitated by G Portmann in 1927 A follow up
study reported by M Portmann (1964) showed
surpnisingly good results rehef of vertigo
being obtamed n about 80 Modifications
of this method have utihized shunting of the
endolymphatic sac mto the subarachnoid
space (House, 1964) or by masing the sac
wall and inserting a prece of silastic sheeting
mto the opening (Shea [966) but the success
rate (40-50%) 1s sumlar to that obtained by
simple decompression (Shambaugh Jr  1966)
Of the new approaches for decompression, the

B

bhnd puncture of the saccule through the foot
plate was advocated by Fick (1964) This was
modified by msertion of a permanent tack
through the footplate to puncture the saccule
as soon as a noteworthy dilatatton due to
endolymph increase occurred {Cody, 1969)

Parnal weakerung of vestibular

receptors

In one of the sunpler metheds, 2 local ana
esthetic 1s mstilled mto the mddle ear through
the drum (Rustow, 1968) Arslan (1970)
mserted sodium chlornde crystals mto the
round window niche m a less obvious attempt
to cure vertigo Lastly, the conservative
destructton of vestibular receptors by ultra-
sound was initiated by Arslan (1962) This
procedure has as a target the honizontal canal
mn particular stmular to the method of cryo-
surgery (Wolfson & Cutt 1971)

Destructive procedures

A ume honoured procedure 1s the total
destruction of the labynnth 1in which all three
semucirenlar canals are dnlled away and the
vestibule emptied Less extensive procedures
aim at achieving the same goal by working
through the oval window and, dunng the
fenestration period through a fenestra 1n a
honzontal semicircular canal Pulec (1974)
added opening the mternal meatus and cutting
both the vestbular and cochlear nerves lo
total posterior labyninthectomy ‘
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Smce all these procedures, 1n addion to
vestibular ablation, also lead to total loss of
hearing, House (1961) recommended the
muddle fossa approach for selective cutting of
the vestibular nerves while preserving the
cochlear nerve

MATERIAL AND METHODS

This series of 43 patients mcludes the opera-
tions performed m the pertod from 1964 to
1974 1n Oulu University (29 patients) and from
1974 to 1975 1 Helsinks Umversity (14 pa-
tients) Ages varied from 22 to 61 years, in
5 cases the disease was ilateral, but
distinctly mulder in the non operated ear The
patients were evaluated by a battery of pre
and postoperative audological tests including
loudness balance and adaptation tests, for-
ward and reverse Békésy tracings and stape-
dial reflex tests Tests for spontaneous and
positronal nystagmus and calonic tests were
also made In the evaluation of postoperative
rehabilitation, the results of these tests were
compared with the patient’s subjective sensa
tions  All operated patients constitute a
smaller group among the total seen Conserva
tive  medical treatment and ant allergic

anagement had brought no help and the pa

ents were ultimately incapacitated by their
vertiginous attacks

OPERATIVE PROCEDURES AND
RESULTS

1 Insullation of 4% hdocain wn nuddle ear
This procedure was carried out from I to 3
tmes on 3 patients Anaesthetic solution in
amounts from 0 Sto I ml was injected through
the drum under microscopic control the pa
tient bewng hept n the supine position for a
few hours All patients developed nystagmus
towards the diseased ear and the subjective
sensation of rotation vared from 2-3 hours
being once 24 hours
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In one patient, the weekly attacks were
absent for 3 months to return in the ongmal
fashton In the other two, no clear mprove
ment was noted Heanng was not permanent
ly affected, nor were the calonic test results
This procedure was given up because of the
poor long term effect

2 Apphicanion of sodmum chlonde crystals
wmto round window miche
Freshly made sodium chlende crystals were
packed into the round window mche using
endomeatal tympanotomy The crystals were
covered with a small prece of gelfoam to hmat
them strictly to the target area All patients
had spontaneous nystagmus towards the
diseased ear and had a sensation of vertigo
The procedure was carried out mn 4 pahents
1n one case twice at an interval of 4 months

Two of the ears 1in which pre operative aver
age arr conduction (AC) levels were 55 and
42 dB became deaf The first showed no
change 1n symptoms, the other became better
but was not cured of vertigo dunng an ob-
servation penod of 4 years A third patent
showng a drop in hearing from 70 to 80 dB and
m discnmination from 50% to 40€%, has been
symptom free for 2 years The fourth patent
whose hearmg improved by 15 dB, has been
asymptomatic for 2 years

In the calonc ENG recorded tests all p2
tients had restdual vestibular function one 18
the form of canal paresis and 3 in the form of
directional preponderance towards the better
ear

3 Saccular puncture (Fick operation)
This procedure was performed through endo-
meatal tympanotomy in 4 patients A pef
foration was made centrally to the footplale
and the pick entered the vestibule for about
2mm The opening was covered witha small
pece of gelfoam

All ears became deaf postoperatively The
calonic test showed remaming vestibular fund
tion n the form of canal paresis Three p2



tients were permanently cured of all therr
symptoms (observation times 8 and 10 years
and one year, respectively), the fourth was
symptom free for one month, but the attacks
then started again with increased intensity and
the labyrinth was totally destroyed (Group 5)

4 Decompression of endolymphanc sac
This method was used 1n 11 patients and con
sisted m d y, d me of
the labyninth and making a blue hne n the
postenior canal The sac was then hberally
freed of overlying bone and an opening made
m its wall, where a small piece of Silastic
sheeting was inserted, covered by free muscle
graft

One of these 11 patients was permanently
cured {observation time § years) The AC
mproved markedly, from 80 to 27 dB and
discnimimation from 53% to 93% A canal
pares:s remamed unchanged m the calonc
tests 5 patients improved and 5 showed no
change One of the latter became deaf due to
accrdental opening of the postertor canal and
m all except one hearning became worse dunng
the years of follow up All patients showed
unchanged reaction 1n the calonic test either
m the form of canal paresis or directional
P d e to the opp side  The
fesults were not influenced by the macro-
Scopic appearance of the sac dunng surgery

In 3 ears with no change n symptoms,
labyninthectomy was made later (Group $)
and 1n one improved case vestibular neur-
ectomy was carned out (Group 7) 7 years
later the symptoms coming back again

5 Labyrinth destruction

This operation was carned out through the
oval window 1n 4 ears, the vestibular contents
being sucked out and the whole vestibule
filled with gelfoam In 7 all semicircular
canals were dnlled away and the vestibule
emptied 3 of the 4 ears m the former group
became totally deaf as expected but in one as
much as 67 dB average heanng function was
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retamned He suffered from marked vertigo
and postauncular total labynnth destruction
was carned out 5 months fater All 7 ears m
the latter group were deaf after surgery

These patients were observed for an aver-
age penod of 5 years (range 1 to 9 years), 5
could be constdered cured, and 6 improved
The ENG recording of patients showed
spontaneous nystagmus towards the sound
side, with an average speed of the slow
component of 5° sec In 7 patients this was
apparent n all test positons (also sitting),
while i 2 it occurred o connection with the
lateral head position Two patients showed no
spontaneous nystagmus, after a penod of one
year

6 Labyninth destruction combined

with neurectomy

These patients were 10 1 number, and m 6
also the cochlear nerve was avulsed Post
operatively 7 had spontaneous nystagmus in
all positions and 3 tn the Iymg lateral fiead
positon Only 3 ears have been observed over
one year, and one can be classified as cured
and two as wmproved, with some remaining
mmbalance Avulsion of the cochlear nerve had
no permanent effect on tinnitus even though
there were changes 1n intensity and quality of
tinmtus, and tnuitus free penods occurred

All patients returned to their previous worh 3
to 4 months after surgery

7 Vestibular nene section
This procedure was carnied out in 9 patients
through the muddle fossa In 2 ears, the
supenior canal was accidentally opened and
these ears became deaf In the other cases
hearing improved n 3 ears, was unchanged
m 3 and became worse 1n 1 dunng the ob-
servation peniod

All patients had spontaneous nystagmus to
the unaffected side tn all head positions with
no reaction in calonc testing 5 patients could
be considered cured and 3 greatly improved,
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all having resumed their daily work 3 months
after operation Two patients of the latter
group have had some postoperative vertigo
with fluctuation of hearmng in the opposite ear

COMMENTS

It may be concluded that no permanent results
are achieved by application of 4% hdocaine
mto the middle ear This does not mean that
the method as such ts wholly meaningless mn
cases m which more toxic drugs are used,
loss of hearing, however, would be almost
certain
Arslan’s method using sodium chlonde
crystals in our hands resulted 1n two deaf ears
and one practically deaf ear, only the fourth
showed a 15 dB improvement The resulting
rather grave cochlear tnjury 1s not surprising
since the application site 1s the round window
However, none of the patients lost thewr
caloric function, even iof 2 of the 4 could be
considered cured and one improved of vertigo
What actually happens here 1s unclear, but
undoubtedly the permeability of the round
window ¢hanges dramatically, and probably a
considerable amount of penlymph 1s drawn
out Perhaps a permanent break occurs be-
tween the cochlear and cochleo-vestibular
compartments The Fick operation apparently
produces also a permanent endolymph per
lymph connection, and the good results 1n
three out of four cases as regards vertigo
would be worthwhile if hearing had not been
lost In this respect our results disagree with
those of Cody (1969), who reported only 12%
heartng mparrments and 70% as cured of
vertigo
QOur 11 decompression operations resulted
m only one permanent cure and mn five 1m-
proved ears This contrasts clearly with Port-
mann's 8095 good results, but accords with the
expenence of many others The vestibular
function tests were not affected by this proce-

dure
Labynath destruction, after a postoperative
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adaptation period of about 3 months was
found to have cured vertigo tn one haif of the
patients and relieved 1t greatly n the other
half The latter group showed some un
certamnty in walking, particularly in the dark
but all could resume thewr previous work
Vestibular nerve section gave similar results
but saved hearing except in two cases of
accidental superior canal opentng

Avulsion of the cochlear nerve duning laby
nnth destruction seems to be no guarantee
for the cure of tinmitus 1n no single case
did tmmitas disappear permanently The fact
that 1ts intensity diminished in some ears
argues 1n favour of avulsion dunng labyninth
ectormies, but not when using middle fossa
approaches

In our hands, the various mnor surgical
methods have been disapponting, particularly
from the point of view of cochlear damaze
One may try Arslan's or Fick’s method if one
15 prepared to sacrifice heantng, because many
patients may be cured of their verngo and the
procedure leaves some function to the vestid
ular labyninth These procedures, on the other
hand, are so well tolerated and can be done¢
under local anaesthesia, so they st welt
patients with other serious illnesses Of the
major procedures, vestibular nerve sectiont
effectively cures the patents of vertiginous
attacks and, 1n the hands of an experienced
surgeon, the hazards to heanng are small
Destructive procedures may leave some
permanent imbalance, but are the safest means
of restoring the patient’s working capacity

On the basis of this expenience the semof
author has now adopted the policy of doing 2
vestibular nerve section i all cases with an
average hearing level of 70 dB or better and
at least 50 discnmination In more ads anced
cases, totaf labynnthectomy with nerve se¢-
tionmng by Pulec’s method 15 made since this
type of patient may no longer be expected 10
obtain much hearing benefit in the discased

ear , In cases bilateral
bular nerve atone

H,
H

1s always used



ZUSAMMENFASSUNG

Der Effekt der verschidenen chimurgischen Verfahren
auf Schwindel n Memerescher Krankheit ward be
sprochen Die klewneren Eingnife wie Sakkulotomie oder
Applikation der NaCl Knstalie auf die runde Fenster
membran konnen die Schwindelanfalle beenden aber
machen auf oft das Ohr taub Sckiron des Nervus vestt
bulans schemt am besten zu sem den Schwindel zu
elimnzeren und das Gehor zu erhalten
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HEAT EXCHANGE IN CRYOSURGERY OF MENIERE § DISEASE

Experimental and Chaeal Studies

S Harly, ] E Anstrup and O Elbrend

From the ENT Department Unt ersity of Aarkus Aarhus Denmark

Abstract The course of the temperature in the lateral
semcireular canat and the heat exchange were measured
on temporal borte specimens when cooling with a cryo-
probe on the lateral semicircular canal was performed
The showed a lation between the
heat exchange the coohng time and the temperature 1t
the lateral semicircular canal In 15 patients with un
lateral Memere s disease this was utilized to achieve 3
controlled temperature course dunng cryosyrgery on the
lateral semicircular canal The effect of the treatment
on the attacks of vertigo and on the heanng in these
‘patients s reported

In cryosurgery of the labyrinth i patients with

Memniere s disease () the biological reaction

to a well defined temperature course—the bio

logical aspect—should be known (b} 1t should

e possible to momitor the course of the tem

, derature through the cryo object—the physt
cal aspects

The biological aspects of eryosurgery on the
fabyrinth and the consequently altered mode
of reaction which ehiminates the disturbances
of vestibular function are not completely
understood but have been studied m animals
by Ishiyama et al (1972)

The physical aspects to be studied con
stitute the course of the temperature in the
cryo obgect 1 this case i the lateral semi
ciccular canal and in the facial canal

EXPERIMENTAL STUDIES

The cryo apparatus (Spembley) used for the
present nvestigation of the physical aspects 1s
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based upon a utlization of the Joule Thomson
effect, 1 e the cooling obtaned by expansion
of a gas—mn this case N,O In pnnciple o
would be possible to use other cooling systems
utifizing the cooling effect of hquid ntrogen

The course of the cooling process on
temporal bone specimens may be studied by
placing thermocouples in the lateral semi
circular canal and in the facial canal (Fig 1)

Such moniforing of the course of the ceoling
process by thermocouples placed m the lateral
semucircular canal and tn the factal canalss of
course, not possible i 100

It might perhaps be assumed that 1t would
be suffictent to know and monitor the tem
perature of the cryotip carefully by means of
a thermocouple tncorporated 1 the tp and
stmultaneously measunng the cooling time
An experiment on a temporal bone specimen
showed that this 1s not sufficient {Fig 2)

Considerably lower temperatures were ob-
tamned 1n the canal when the heat contact be
tween the cryotip and the bone was adequate
even though the temperature of the cryotp
was the same i both experiments viz about
-70°C

Adequate control of the cooling process #
sno may be obtamed by measunne the heat
flow through the cryoup

A copper attachment was adapted on the tip
of the probe

The attachment incorporates a thermo-
couple for measuring the temperature and atso
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Fig 1 Recordings of temperatore 1n 1 Factal canal
W Semicircular canat dunng a cooling procedure on a
temporal bone specimen Probe temperature  70°C

a differential thermocouple which renders 1t
possible to measure the amount of the heat
passing from the cryo-object into the tip of the
attachment and on to the cryoprobe The dif
ferential thermocouple consists of a con-
stantan disc soldered nto a cross section 7
mm from the tip of the h
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proportional to the current of heat and conse-
quently an electromotive force. across the
disc, proportional to the temperature differ-
ence

Thus, «f the eletr force s
the current of heat 1n cal/sec can be read
directly, and 1f this 1s integrated over the cool-
ng time, we obtain a measure of the total
amount of heat, Q cal, which has passed from
the cryo-obyect nto the cryoprobe within the
cooling time (Fig 3}

The course of the cryoprocess n the
temporal-bone specimens was studied partly
by measuning the course of the temperature
m the lateral semicircular canal and m the
facial canal by thermocouples, parth by meas-
unng the heat flow and total amount of heat
exchanged These cooling experiments dem-
onstrated a correlation between the total
amount of heat exchanged ((), the tem-
perature in the semicircular canal (7.} and the
cooling time (t), as shownin Fig 4

This correlation between temperature
course and heat exchange n temporal bone
may be utthzed for assessing the

‘Whena current of heat (g calfsec) passes the
differential thermocouple, a temperature dif
ference anses across the constantan disc

(+ coolng 1 me

) 1 2

m notes

Fig 2 R n the

course of the cryoprocess in patients with
Menere's disease When the values measured
are plotted as shown n the diagram (Fig 4),

total heat exchange colorse eac
1)

2 moures

T
coolng tme

gs of
canal () dunng two cooling procedures on a temporal
bone specimen § Adequate thermal contact 11 Inade

Fig 3 of total heat exchange (Q) between
probe tip and semicircular canal ! Adequate thermal
contact 11 Inadequate thermal contact and heat flow

Quate thermal contact between probe tp and sem- (@) 11l Adequate thermal contact IV Inadequate
<weular eanal thermal contact -
Acta Or*
Vi
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HEAT EXCHANGE IN CRYOSURGERY OF MENIERE § DISEASE

Expertmental and Clinical Studies

S Harly,] E Aastrupand O Elbrond

From the ENT Department University of Aarhus Aarhus Denmark

Abstract The course of the temperature 1n the lateral
semicircular eanat and the heat exchange were measured
on temporal bone specimens when cooling with a ¢ryo-
probe on the lateral semicircular canal was performed
The showed a % between the
heat exchange the cooling teme and the temperatyre 1n
the lateral semucircular canal In 15 patients with um
Iateral Mentere s disease this was utihzed to achieve a
controled temperature course dunng cryosurgery on the
lateral semicircular canal The effect of the treatment
on the attacks of vertigo and on the heanng in these
patients s reported

In cryosurgery of the labyrinth 1n patients with
Meniere s disease, (a) the brological reaction
to a well defined temperature course—the bio
logical aspect—should be known, (5) 1t should

e possible to monstor the course of the tem
perature through the cryo object—the physt
cal aspects

The biological aspects of cryosurgery on the
labyrinth and the consequently altered mode
of reaction which elimmnites the disturbances
of vestibular function are not completely
understood but have been studied in anim s
by Ishiyama et al (1972)

The plnsical aspects to be studied con
stitute the course of the temperature in the
cryo-object 1n this case n the Iteral semt
crrcular canal and i the ficral canal

EXPERIMENTAL STUDIES

The cryo apparatus (Spembley) used for the
present 1nv estigation of the physical aspects 1s
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based upon a utihzation of the Joule Thomson
effect, 1€ the cooling obtamed by expansion
of a gas—n this case N,O In principle 1t
would be possible to use other cooling systems
utilizing the cooling effect of hiquid mitrogen

The course of the cooling process on
temporal bone specimens may be studied by
placing thermocouples 1 the lateral sems
circular canal and in the factal canal (Fig 1}

Such monitoring of the course of the cooltng
process by thermocouples placed in the lateral
semicircular canal and in the facial canal 1s, of
course, not possible i 1no

It might perhaps be assumed that it would
be sufficient to know and monitor the tem
perature of the cryotp carefully by means of
a thermocouple incorporated 1n the tp and
simultaneously measuning the cooling time
An expermment on a temporal bone specimen
shawed that this 1s not suffictent (Fig 2)

Considerably lower temperatures were ob-
tatned i the canal when the heat contact b¢
tween the cryotip and the bone was adequte
even though the temperature of the cryolp
was the same 1n both experiments vz about
-70°C

Adequate control of the cooling process i
1110 may be obtamed by meisuring the heat
flow through the cryotip

A copper attnchment was adapted on the up
of the probe

The attachment incorporates a thermo-
couple for measuring the temperafure and also
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Table 11 Results upon hearing

1 Un
proved changed Worse Absent

Na of paticats L ° 1 1

tients are considerably improved no change
occurred m 3 pahents But the observatton
time 15 relatively short—only 8~18 months

The hearing was unchanged in most of the
patients

The best results seem now to have been
achieved by four cryoprocedures m two dif
ferent places on the lateral semicircular canal
camed out n the same seance with a heat
exchange of about 25-30 calones m each
procedure Thereby a temperature of —18°-
—20°C 1s obtayned in the canal in each cooling
perrod

Tn 3 cases, facial weakness was observed
dunng the cooling peniod when the cooling
time was more than 2 mimutes But it dis
appeared immediately on the conclusion of the
cryoprocedure

We do not know whether an optimal result
1s obtained by miming at such a course of the

in

cryoprocess as mentioned above This can be
disclosed only by a follow up study of the
patients and by further clinical and expen
mental studies—also of the biological aspects

ZUSAMMENFASSUNG

Der Temperaturveriauf im lateralen semmzirkularen Gang
und der W wurden auf Scl
praparaten wahrend Gefnieren 1m betreffenden semu
airkularen Gang muttels etner kryosonde gemessen Die
Messungen ergaben Korrelation zwischen Warmeaus
tausch Gefnerzent und Temperatur m lateralen seme
airkularen Gang Dies wurde ber 15 Patienten mut etn
seitigem M Mentere zur Erzielung emmes kontrolherten
Te erlaufes wahrend Kr m late
ralen semizirkularen Gang ausgenutrt. Der Effekt der
Behandlung auf die Schwindelanfalle und das Horen
dieser Patienten wird benchtet
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THE EFFECT OF ULTRASOUND ON MENIERE'S DISEASE

H Sorensenand M Stroyer Andersen

From the University ENT Dy K

h Copenh Denmark

Abstract Among 22 patents with Memere s disease
treated with ultrasontc irradiatton  only eight showed
extinguished caloric reactton Long term therapeutic
effect had been obtained 1a all the patients Histological
of the lateral canal and the cnsta
ampullanis from five pauents previously treated with
ltrasound for Mentere s disease showed the followmng
changes (1) In the subepithelial tissue 1n cnista ampullarns
no signs of degeneration were found The nerve fibres
were normal (2) The sensory cells with nerve endings
and supporting celis also appeared normal (3) The secre
tory cells showed pronounced cellular vacuolzation
and ncreased intercellular spnce 1) The lateral semy
circlar canal was bl d with d¢
of the membranous canal [t s concluded that the thera
peutic effect may be due to the creation of an endo-
lymphatic fistula

Several papers on the therapeutic effect of
ltrasome irradiation 1n the treatment of
entere’s disease have been published

(Arslan, 1953, Angel James, 1963, Sjoberg

et al, 1963, Brahe Pedersen & Sorensen,

1971) Ammal experiments have been per-

formed 1n order to correlate histological
h: with the th 1c effect (McLay

et al, 1961, Stahle, 1964) In these, degenera-

tion of the neur in the 1l

utnicle and saccule was a predomunant feature

i the histological picture after ultrasound
wradiation Generally, the labyrninthine insuffi-
ciency g from this deg 15 pre-

late vestibular function in patients who had re
ceived long-term therapy with the histological
effect of ultrasound on the human labyninth

CLINICAL EVALUATION

Material and method
22 patients with genuine Mentere's disease
(13 women and 9 men), aged 38-76 years,
obtaned pnimary alleviation of vertiginous
attacks after ultrasound irradiation At the
follow-up examination 4-10 years later (mean
8§ years) none of them had had relapse The
results of the tests for vestbular function
{spontaneous nystagmus and calonc reaction
recorded by electronystagmography) are
shown 1 Table I In 9 patents, a paralytc
nystagmus could stil be demonstrated Sever
showed no nystagmus

Only 8 patients had extinguished calont
reaction, and 1n 2 1t was normal In the remait
g 12 the caloric reaction was dimimushed

Concluston
The long term therapeutic effect of ultrasound
wrradiation 1n these patients cannot be duetod

Table 1 Follow-up in 22 panients {8 years}

sumed to resultin alleviation of the vertig
attacks (Sydberg et al, 1963) However, i
many patients therapeutic results are obtaned
without severe damage to the vestibular func-
tion (Brahe Pedersen & Sorensen, 1968) The
aim of the present mvestigation was to corre
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Paralytic nystagmus
Imtative nystagmus.
No nystagmus

No calonc reaction
Reduced reaction
Normal reaction
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Fg I Well preserved har cell type [ surrounded by
calyx HCT hair cell type ] SC support ng cell

destruction of the vestbular function but

should be sought 1n other changes n the laby
ninth

HISTOLOGICAL EXAMINATION

Matenal and method

In 5 patients with typical Men ere s disease
with relapse after treatment with ultrasound
labynnthectomy was performed 2 10 months
later At this operation the lateral sem ¢ rcular
canal and ampulla were opened and tissue
from the membranous canal and the crsta
ampullans was removed for h stolog cal and
ultrastructural exam nat on  The spec men
Wwas immed ately fixed in osmum ac d
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After further fixation 1n 2 57¢ glutaralde
hyde buffered with sod um cacodylate for 2-8
hours at 4 C the specimens were dehydrated
1n a senes of graded ethanol and embedded
m Epon Sectons 1 amn th ckness sta ned
with methylene blue were used for onentation
Ultramicrotome  sections were stamed w th
lead citrate for electron microscopy

Results

In the tissue of the cnsta amputlans the mye
Inated nerve sheaths are well preserved the
laminat on 1s normal without sphtung or
cleavages In the axoplasm of the rather th nly
myelinated nerve fbres a few vescles™or

P A a0
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membrane himrted cavities of non pathological

other areas of the same cnsta The mos

significance are seen They are technical artt
facts as no other signs of axonal degeneration
are visible Also the Schwann cells appear
normal with patchily distributed nuclear chro
matin and cellular organelles No achvated
fibroblasts and no macrophages were found
i the tssue The nerve endings in contact
with the harr cells were normal and so were
the harr cells and the supporting cells (Fig 1)
The intercellular space was not mcreased
Thus the sensory cefls nerves and nerve end
mgs seem resistant to the ultrasome uradia
tion

In a pattent suffening from Memere s disease
in a advanced stage vacuolization and exten
sive swelling n the transitional epithelum
surrounding the base of the cnista 15 seen
forming cell protrusions that reach far into the
eadolymphatic space These changes may be
regarded as typical of Memere s disease and
are not a result of ultrasome irradiation

Pronounced degenerative alterations were
found i the epithebum ot the base of the
cnista ampullans  The cells are isolated by
mcreased intercellular space The nucler are
pyknotic and the organelles have lost therr
normal structures These findmngs are not
artifacts as symlar alterations are not seen n

pro d pathol ] features were ho
ever found 1 the lateral semuctreular canal
At operation the bony canal was  all cases
found to be completely obhiterated by whitish
fibrous tissue and new bone formation The
Iistological picture 1s dominated by dense con
nective fissue contyning many fibrocytes and
surrounded by osteoid tissue obhterating the
penlymphatic space (Fig 2) The epithel um
of the duct 1s destroyed A fistula at least 3
functional one might exist m this area be
tween the endolymph and the penlymph It
should be mentioned that the supenor sem
circular duct was completely normal

CONCLUSION

Owing to the lack of comparative matenal any
conclusion drown from these specimens can
only be tentative Further alteranons in the
morphology may be due to Meniere s disease
as well as to the effect of ultrasound In the
interpretation of the findings the posstb ity of
technical artifacts must be borne i mind The
sensory epithehum and the nerve-endings it
the crista ampullans as well as the nerve fibres
seem to be only shghtly mfluenced by the

Fig 2 Dense connect v¢
tissue completely ol enl

1ng the latera) sem el
canal surrounded by oseevd |
ussue The epithel um o e
duct s destroyed



radiation The degenerative alterations in the
transtional and secretory epithebum around
the base of the cnista may influence the laby
nnthine hydrops and thereby contnbute (o the
clarmed therapeutic effect of ultrasound How
ever, the pathological alterations 1n the con
nective tissue in the lateral semicircular canal
are the most pronounced findings The
massive destruction of the normal anatomy
m this area may be the morphological basis
for an endolymphatic fistula and this may be
the fundamental effect of the ultrasomic ir
radiation

This 1s m agreement with the theory of the
analogous effect of cryosurgery (House, 1966),
by which a fistufa 1s aiso supposed to be
created, and which explans the therapeutic
results n patients with preserved vestibular
function It 3s also 1n agreement with expen
mental endolymphatic hydrops and its relief
by interrupting the lateral semicircular duct
(Komish1 & Shea, 1975)

ZUSAMMENFASSUNG

Von 22 mit Ultraschall behandelten Patienten mit Me-
meres Krankheit zeigten nur 8 Aufhren der calonc
Reakuon L Khrusch th Lt
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fasern waren normal Ebenso waren die Stnneszellen mit
Nervenendigungen und Stutzzellen normal Die sehreto-
nschen Zellen zesgten deuthiche Vacuolisicrung und Za
nahme der intercellularen Raume Der laterale Bogen
gangskanal war total obfitenert mit Zerstorung des
membranosen Kanales Man konkludiert daB der thera-
peutische Effekt wahrschewntich auf der Bildung einer
endolymphatischen Fistet beruht
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NERVE FIBERS IN THE HUMAN ORGAN OF CORTI

Y Nomura

From the Department of Otolaryngology Unn ersuy of Tokvo Tokyo Japan
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Abstract In the human cochlea the following charac
tenstcs of nerve fiber arrangements were observed

1 Where there was only the bas:tar fiber wn the tuanel
of Corti the internal and tunnet spiral bundle were not
observed Insuch cases the number of nerve fibers in the
extemal spiral bundle was small

2 n the tunnel of Corti the basilar fibers (afferent)
took a course at the base and crossing the tunnel stanting
tothe basal end

3 The medal fibers were present with the internal
spiral bundle and tunnel spiral bundle These fibers are
possibly efferent

4 The external spiral bundle increases its fiber count
when internal and tunnel spiral bundles were present 1
the organ of Cory

3 The external spiral bundle was composed of the
basilar and the medial fibers The former were less and
the fatter much more numerous i the bundle

6 8590 of the afferent fibers went to the internal
ha;lr cells while the remamnder went to the external hair
calls

7 The nerve fibers were found 1 the organ of Cortt
lateral to the extemal spiral bundles The fibers were run
mng in the Hensen s and Claudues cell area

8 In some cases medial fibers showed a torpedo-like
deformuty in the tunnel of Corts When thus was observed
1t was found distnbuted throughout the entire cochlea
Reanng disorders due to this pathology of the efferent
fiber was suggested

Amalysis of the sound transmuitted to the
cochlea and the coding of its impulses to the
eighth nerve are accomplished in the penphery
of the heaning sense organ under the regulation
of merve fibers Complex arrangements of
nerve fibers in the human organ of Corti are
Recessary to control the neural mechanism of
heanng and to marmtain the ntegnity of the
A porlion of this paper was read at the First International
Workshop on Sensonncural Deafriess on December 2
1974 1a Nashwille Teon USA

This research was supported by the Rescarch Grant for

Speaific Diseases of the Miustry of Health and W elfare
Sudden Deafness Research Committee of Japan
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cochlear function The sensorn neural umt n
the organ of Corti 1s composed of afferent and
efferent fibers and sensory cefls Recent ad-
vances tn electron mcroscopic studies have
provided new data in this area In addition, 1t
has been postulated that the autonomic nerv-
ous system plays an important role tn the hear
ing mechamsm

Data on the human heanng mechamsm,

owever, have not been sufficient, as post-
mortem autolysis makes the observation of
fine structures difficult

The purpose of this paper 1s to discuss the
distnbution pattern of the nerve fibers in the
osseous spiral lamima as well as the organ of
Cortt 1n the human cochlea using histological
and h h | statning tech Patho-
togical changes in the nerve fibers are also
discussed

MATERIALS AND METHODS

Human temporal bones were removed at
autopsy and fixed 1n 10¢% formalin solution
The bone was decalcified with S€Z solution of
trichloracetic acid  After neutralization and
washung in water, the bone was dissected un
der the operating mucroscope The osseous
spiral lamina and the basilar membrane with
organ of Cortt were dissected out of the mem
branous labyrmth Holmes' silver staining
method was applied for staming of the tissue
A stepwise procedure of the staining was men
tioned 1n a previous report (Nomura & Kin-

kae. 1967) —



A

Fig { Efferent fiber arrangement in the human cochlea
Intensely staned bundles are intraganglionic spiral bundle
(/G5B) From here the fiber goes to the osseous spiral
lamtna (OSL) and forms many spiral bundles A nerve

) Adam’s osmium tetraoxide a-naphthylantne
(OTAN) method was employed to demon-
strate the myelin sheath of nerve fibers m the
osseous spiral lamtna

The efferent nerve fiber was wvisualized
by d acety!
cholinesterase (AChE) activity Karmnovsky-
Root's method was employed n this staming

Stained specimens were dehydmted n
graded alcohol, cleared 1n xylene, and mount
ed 1n synthetic restn QObservation was made
under the hight microscope

h n m

FINDINGS

Osseous spiral lamuina
“There are two fiber arrangements in the human
osseous spiral lamuna, radial and spiral In the
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bundle contains both staned {efferent) and unstained (af
ferent) fibers SG spiral ganglion cells in the Rosenthal’s
canal Insetis aligh power view of a bundle rndicated by
arrows Note beads in the nerve fiber AChE stain

normal cochlea, an ndividual fiber could not
be traced 1n the osseous spiral lamin1 because
of the great density of nerve fibers However
it was easy to trace fibers in the cochlea of the
aged, because many nerve fibers were miss
ing, particularly 1n the fower basal tum

The spiral bundles entered into the 0sseous
spral lamina from the intraganghonic spral
bundle (Fig 1) They took a spiral course
apicalwards While runming, these bundles
made many crossings where some nerve fibers
moved from the onginal bundle to another, a3
1n the fiber arrangement tn the optic chiasma
(Fig 2) Thus, a fiber which entered into the
osseous spiral lamina of the basal turn fakesa
long way to the upper turn by changing spiral
bundles Application of the fustochenucal
techmique revealed that the spiral bundles
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F¢ 2 Across ng of efferent sp ral bundles in the osseous
spiral lamna Nerve fbers partally mterchange the

were positive for AChE The fiber goes to the
organ of Cort: through the habenula perforata
In presbyacusts the efferent nerve fibers also
degenerate and disappear mn the lower basal
turn

We had a case 1n which the spiral bundles
were completely missing bilaterally

A78 year old deaf mute died of pneumoma
His aud ogram showed senson neural hearing
loss of 80 dB bilaterally

The cochleas were stamed by the OTAN
method There was a marked loss of radial
fibers in the basal turn but many radzal fibers
remamed in the upper turn However no
spiral bundles were present throughout the
whole cochlea (Fig 3) Severe stnal atrophy
{or agenesis) was found 1n the cochlea

Organ of Corn

The myelinated nerve fiber loses its myehn
sheath before passing through the habenula

bundle | ke fber arrangement 1o the chasma Holmes
stam

perforata The unmyelinated nerve fiber
makes spiral and radial fiber arrangements
the organ of Corti

In the tunnel of Cortt two radial fibers were
recognized the basilar fiber and the medial
fiber The basilar fiber crosses the tunnel at
the base while the medtal fiber crosses high in
the tunnel The basilar fiber crosses the tunnel
slanting basalward and the media! fibers
apicalward The medral fiber has more bead
formations than the basilar

A cochlea of an 88 year-old man showed
only the basilar fber remamning in the basal
turn where the number of nerve fibers in the
external spiral bundle was extremely small
Furthermore there was no inner spiral bundle
or tunnel spiral bundle These spiral bundles in
the organ of Corti coexist with the medial fiber
1 the tunnel of Cortt

In a developing cochlea of a 6-month old
embryo only the basilar f'ber was recogruzed

A









