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INTRODUCTION.

Theoperative treatment of avaudleronis a subject in which I was

keenly interested already before the outbreak of the second world

war, but unfortunately during the war I was unable to follow

developmentsiin this field owing to the absence of any contact with

theoutside world.
In April 1946 I managed to get to London, where I was enabled

to practise the technique of otosclerosis operation under the guidance

of MonxHouse and Mackenzie in the Ferens Institute of the
Middlesex Hospital.
The results achieved in Great Britain and the U.S.A. encouraged

me to practise this operation also in the Netherlands. After having

performed a numberof these operations I was steuck by several

yasomotor symptoms playing apart in otosclerosis, which symptoms

_aredescribed in this thesis.
That the cause of otosclerosis lies in vascular defects was already

suspected in 1908 by Souter Bryant. After him, O. Mayer,

SreBENMANN, Wrr'rMaack, Drie, Katz, Ratniscu, SPARER and espe-

cially Gray pointed out the importance of this.
According to Grayotosclerosis is due to a permanentdefect in the

vasomotor reflex system of the whole organ of hearing.
Inthis thesis the operation will be described and the vasomotor

symptoms Iobserved will be dealt with, thus contributing, as I hope,
towards the aetiology of otosclerosis.



  

 

  
  

  
  

 

     
     
  
  

  

   
  
   
  
  

    

   
   

  

 

  
   
  

 

  
     

SYNOPSIS OF LITERATURE.

Since A. Vatsatva first described in 1704 the stapes ankylosis
ay 1¢ cause of otosclerosis, a large number of treatments have been

lied both locally and generally, but until recently none of these

really achieved any result of importance. Surgical operations

the most successful, although even then in the majority of cases
improvement in hearing was of very short duration.

dy in 1876 Kesset tried to improve hearing in cases of

 @toselerosis by removing the malleus and the incus, but without any
aan results. Yet, these first attempts were the beginning of

surgical operations for otosclerosis applied so frequently and in
ous ways in later years.
ter Kessex, in 1885 Goiieé carried out tenotomy of the musculus

- stapedius, and Lucarresected the malleus in a large numberof cases

andalsoiin some the iincus. In 1888 BoucHERON separated the stapes

 

1897 Passow made an opening in the promontory. FLopERus

pdid same but coveredthis fistula with a Turerscugraft; he also

“contemplated applying a fistula in the horizontal canal but decided

a ot to do so because he thought it would then be too far removed

‘om thecochlea.
910, in his manual, URBANTscHITSCH recommendedresection

¢ malleus and if necessary also the incus. He says that such

yperation will lead to improved hearing also in the other ear.

adually these surgical methods disappeared because no perma-

cess of any value was ever achieved. Other means were

and eventually one arrived in theregion of the semicircular

  910Bindnr suggested that a fistula should be applied in the

riorsemicircular canal without opening the drum cavity.

ENKINS, in 1913, Was ofthe opinion that otosclerosiswas accom-

dby"elevated intralabyrinthine pressure and applied a fistula
- 4qgbd evs
vite. a ah r he tytah
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in the horizontal semicircular canal. In one case he covered the
fistula with a Turerscu graft and in another case with a flap of
the auditory canal; in both cases there was only a temporaryim-
provement inhearing, of short duration.
BArAny and Jenkins were followed by Froehen: who has done

much meritable work in the field of surgical operations for oto-
sclerosis and in the course of years has been untiring in his endeavour

to improve the technique in various ways.

In 1917 Hotmeren applied a fistula in the posterior semicircular
canal, which he reached by elevating the dura and exposing the
eminentia arcuata; the fistula was then covered with the dura. In

1920 he suggestedusing for his operation the Zeiss-Gullstrand glasses
or the Zeiss binocular microscope. He also applied a fistula to the
promontory,but with only short-lived success.

In 1922 Hoxmoren applied a fistula in the horizontal canal and
covered it with a mucoperiostal flap of the canal itself; the improve-
ment of hearing lasted only a few weeks.

In 1924 BARrAny performed an operation in two stages. In the

first stage he carried out antrotomy, applied the fistula andfilled
up the cavity with fat. In the second stage the fat was removed and
the fistula closed with gutta percha, It was a moderately successful
operation.
Next to Hotmeren, one of the pioneers in otosclerotic surgery

was SourpIL1E, and, except for some modifications, it is his method

that is mainly applied up to the present‘day.
SourDILLE began operating in 1924, at first in three stages and

at times in four or five stages. Later on he changed his technique and-
operated in two stages. In the first stage he opened the antrum,
removed the bony posterior wall of the auditory canal, resected the
head of the malleus and covered the horizontal canal with a skin

flap of the auditory canal. In the second operation about two months
later, after complete epithelization of the cavity he carefully loosened
the skin periostic flap on the horizontal semicircular canal, chiselled
the canal open and then covered thefistula again with the loosened
flap. In cases where the fistula closed up he opened it again in
a third, fourth or, if necessary, fifth operation. SourpitLe thought
in this way to exhaust the regenerative power of the bone. In more
recent operations he also resected the incus. »
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oOURDILLE calls his operation “tympano labyrinthopexy”, because

considers it of importance that the fistula should be kept in

ntact with the tympanic membrane by means of the plastic flap.

OULONGUET is of opinion that the Sourpmte method is too

icult and suggests that the fistula be covered with a skin graft

n the patient’s upper eyelid.

n 1935 Houmerentried covering the fistula with subcutaneous

fat or gold-leaf, but the results attained with this method were not

_permanentcither. Then by another method he filled the operational

vi , with paraffin wax, closed the mastoid primarily and after

‘yome time reopened it; the cavity was then covered with a thin

membrane from which a graft was taken to cover the fistula subse-

quently made. This method, too, proved not to be a permianent

Success,

____ laying regard to the fact that fistulas formed in the semicircular

: ia canals in cases of cholesteatoma tend to keep open so long,

=, Hommonen thought that the thin membrane covered with stratified

- __ Squamous epithelium might play an important role, He therefore
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4 orizontal semicircular canal with a skin flap from the auditory-

anal, and in a second operation he folded the flap back, opened the

aah   
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7) ‘canal and covered the fistula with the membrane.

__Hoimoren has experimented a great deal with monkeys, treating

applied fistulas in various ways (fat, gold-leaf, transplanted

clium, radium). After some time the mastoids were examined

Nacer andlateralso in cooperation with EncstRom. They found

! ‘thebone regeneration in the fistula always proceeded from the

ta bone covering. Stratified squamous epithelial covering and

‘adiatio _withradium gave protracted regeneration. The applica-

ofahigh-speed burrlikewise retarded bone regeneration. Bone

considerably promoted bone regeneration. They also found that

fistulas caused the canal to close upentirely, but that the

ymphatic system remained intact. In this connection they draw

onto the dangerof applying a too broadfistula in the vicinity

mpulla andthereby causing damage to the sensory epithelium
¢ closing up process. = ; Sy ah
found experimentally thatcubieepithelium checked

4
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regeneration, whereasinfection in the wound cavity had a stimulating

effect.

After Houmeren and Sourpie, Lempert had success with his

operation in one stage. His method is really an improved technique

on that of Sourpitte. Lempert’s idea is to cover the fistula with

SHRAPNELL’s thin membrane. Most surgeons following his method of

operating, however, are of opinion that this membrane is too far

removed from the semicircular canal to cover the fistula with it.

At first Lempert left the incus intact and resected only the head of

the malleus, but later on he started removing the incus too. He

applies the fistula with a high-speed dental finishing burr, being of

the opinion that the bone dust counteracts regeneration of thebone

on account of it clogging up the Haversian canals. Hefirst used

a gold burr because he thoughttheparticles of gold would likewise

penetrate the bone and check regeneration. Canrizip found experi-

mentally that bone regeneration was retarded after drilling but not

after chiselling. The GuccErnnEims found bone regeneration when

a burr was used but not when electrocoagulation was simultaneously

applied. Lempert also removes the endosteum from thefistula open-

ing, because bone regeneration may take place from there; FowLER

discovered the same possibility experimentally. Campsett, on the

other hand,leaves the endosteum, because his idea is that the trauma

excites the endosteum and thus causes the fistula to close.

According to Lempert the extremities of the fistula should be

rounded and not pointed, because this, too, may cause the fistula

to close quickly. He has thought of several ways of keeping the

fistula open, even by inserting a metal obturator, but he very soon

dropped that idea. Then in r945 he placed first an ivory and later

on a cartilaginous stopple in the fistula, not only to stop it closing

up but also to prevent post-operative serous labyrinthitis, for he

believes that this labyrinthitis is due to an infection arising from the

plastic graft, and closing of the fistula with this stopple should check

the infection. Lempert is of opinion that in course of time a fibrous

connection is formed between the boneof the fistula and the cartilage,

so that the stopple remains movable in the fistula.Meanwhile he has

departed from this method and in view of the labyrinthitis just

referred to he now leaves the endosteum intact. Lempert operates

entirely through the auditory canal, for this, he says, has the advan-
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es of better observation during the operation, less risk of post-
tive infection and better cosmetic result, whilst the plastic flap

| not be obtained endaurally. Many are operating in this way,
s others, among whom Campneit, Korerzky, Goopyear,

SIMSON Hatt, Kenp and, until recently, also Ho~tmGren operated
va hind the ear.
y ~ Lemprer used to apply the fistula in the horizontal semicircular

al but now he, and also SHampaucu and others, apply it closer

mBAUGH holds that closure can be prevented by removing the
eal layer deep down to the enchondral bone over a large area

idthefistula, because regeneration proceeds mainly from the
steal eye Another averaes aceoraipe to him, lies in the

ition, removing all bone eis aa bone dust. As opposed to
MGREN,he believes that regeneration may come also from bone

t.SHAmMBaUGH, too, applies the fistula in the region of the

la, but more to the front and below it, as close as possible to

panic membrane. Further, he removes the endosteum from
tula but warns against damage beyond the edge of the fistula,

in the canal, because this causes excitation and may lead to
regeneration.

applied fistulas in the semicircular canals of monkeys.
n the fistula closed up the bone regeneration took place mainly
‘theperiosteal layer and only to a small extent from the
eal layer. ‘The fistulas were covered in different ways but the

¢ ulis:wereobtained with the thin skin of the auditory canal.
p the fistula open it is important that the plastic flap should

um must bs carefully removed from the fistula opening.
uGGENHEIMS found that bone regeneration was considerably

|dwhen the fistula was: covered with a piers of copper.

orregeneration,
apatientson a special diet for wosillsbefore and

¢ operation, Mis idea isthat,bone regeneration
$iet li a catecspehctsty ate pee ee:file Ad, Uae SS .

r i ss ;
  

7

‘comes mainly fromthe periosteal layer. Experiments with rats
showed that.when rachitis is induced changes take place only in the
periosteal layer of the labyrinth. In the caseof rachitis the periosteum
functions badly or ceases to function at all. The diet on which Kenp
puts his patients corresponds approximately to what the rats were
fed with when rachitis was experimentally developed. It contains
no vitamin D, plenty of calcium, little phosphorus and some bovine

ovarium extract,
CaWTHORNE has recently pointed out that it is of importance

to apply the fistula on an elevation, for a better propagation of the
sound stimuli to the fistula. He applies it at the ampulla, making it
long and narrow above the horizontal canal and wider above the
ampulla. Contrary to CAwTHORNE, Kenn applies a saddle-shaped
fistula in the canal.
According to Lemprrr damage to the endolymphatic system

usually reduces the power of hearing, Lowy, when applying fistulas
in the semicircular canals of pigeons, did not find that slight damage
to the endolymphatic system affected hearing, but resection of a part

of the endolymphatic canal resulted in considerable loss of hearing.
CawTHoRNE treated 52 cases of Méniére’s disease, by opening the

horizontal canal and resecting the endolymph canal. Only in two
cases did the hearing become worse, in 11 cases it was improved and
in all the other cases it remained the same as before the operation.

Attention should also be drawn to Poprer’s technique. He makes
an incision in front of the ear and reaches the front side of the bony
auditory canal, which he removes together with the covering auditory
canal skin. He draws the jaw joint forward and approaches the
tympanic membrane perpendicularly. He makes a skin tympanic
membrane flap from the posterior auditory canal wall, resects the
bony posterior wall only in the posterior upper corner and thus
reaches the horizontal canal. The advantages of this method are:
short duration of the operation, minimum operative trauma, good
observation and quick postoperative healing.

Before ending this‘ review I would point out two other methods
of performing the operation based on entirely different principles.

In the first place, Rottin operates by a method based on
Wirtmaack’s theory of otosclerosis. His opinion is that otosclerosis
is due to congestion or a return flow of the blood in the veins of the



    

    
  

 

  

 

  

                     

  

    

  

f hearing. He sevetens applies a ligature totheveins running
1 the roof of the tegmen tympany to thevena petrosa super-

e this effect by plastic grafting of tissue in the recess of
ne Window. He operates not only forees but also in

Hucuson, who holds the view that the membrane of the .

dow has a damping effect upon thesound waves, tries.

‘OWN OPERATIONAL CASES.

1. Instrumentarium.

A good and practical instrumentarium is of great importance for

theoperation.
The instruments I use are the following:

t. A diathermic apparatus.
2. A good forehead lamp.
3. Magnifying glasses, power 3 X.
4. A suction-flushing installation. For this I had a small appa-

ratus made to my own design (fig. 2) which maintains a constant
suction and can flush as required. It consists of a sort of open hand
grip into which two lengths of rubber tubing are fitted, the upper
one for suction and the lower one for flushing, the latter when not

required being closed by a spring clamp, which is opened bya light

pressure with the forefinger. The hand grip is 11 X 2.25 cm. The
suction tube is 15 cm long and 3.5 cm in diameter, bent at the end.
Underneath this is the flushing tube 2.5 mm in diameter, slightly
shorter than the suction tube, so that it does not extend right up to

the end*of the suction tube. The suction tube is connected to an
electric suction-installation. The flushing liquid is a physiological salt
solution, heated to a temperature of 37° C. To keep the solution

up to this temperature I use a flask of 2 litres capacity hung up in
a large cylinder filled with a thick layer of cotton wool; a large
thermos flask also answers the purpose. The advantages of such
an apparatus are that it gives a beautifully clear operative field,
there is little risk of damaging the plastic flap and flushing and
sucking can be done with one hand, leaving the other hand free for
burring the fistula (fig. 4).

5. A drilling stand with straight grip as used in dentistry, with
various sizes of burrs and a No. § polishing burr, highly important
when openingthe fistula; the finer the burr, the finer the bone dust

and the less chance of-particles of bonebeing left behind to cause
_ regeneration of the bone:

6. A setof instruments as used in the radical operation on the
mastoid, |



  

    

 

  

    

    

   

and: he hayesnever yet hes‘nfound 1
cavity because the fairly long points crgelyneutralise

er po?Part wherethepetare.eeto ener.

whichis notched in themiddle, the only place where
advantage of such a chiselis that it does notslip

the posterior wall of the auditory canal is resected
ornersdo not damagethe plastic flap. Fon the same

\

x withaaepoint of 40°C,,in ohoegauze

for poser: theoeflaoyTeiisadvisable

ow tail” (fig. 3),ahollow chisel, 5 mm broad, made to -



 

A \ B

Antrotomy. The bony meatal wall resected, the incus

removed and the head of the malleus
amputated,

 

D

Fistula applied, endosteum removed and
enchondreal bone exposed areund the

Skin flap laid over the fistula, fistula.

These drawings have partly been taken from publications of Lemprrt and SHamuaucH.'

 

  
    Big. 2,

1 Stand with eylinder of
physiol. salt solution,

2 Patient on che operating
table, Suetion-flushing
tube hooked up.

3. Drilling machine,

4 Diathermic apparatus,

5 Transformer for hen
lamp.

6 Pedal for drilling mach,
Pedal for diathermy,

8 Instrument table,

  

 

Fig. 2, Suction-flushing apparatus,

  
: Fig. 3.

1 Raspatory for auditory canal. | Fig. 4.

2 Forceps for amputation of head of
ll | Left hand: Suction-Flushing tube.

malleus, 5; :| d: ;3 Swallow-tail chisel. | Rugbende dei
4 Flat chisel (rounded corners).
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wation which in course of time occurs in most cases of otosclerosis

and: is taken by many specialists as a reason for not operating.

Lempert, Simson Hatz and others hold a different point of view

because they have often attained excellent results even under these
supposedly unfavourable conditions. I shall revert to the indication
for operation later on inthis thesis.

In general I consider the following rules:

Anamnesis.

r. Progressive deafness in both ears, setin after 15 years of age.
2. Deafness in the family.
3. Aggravation during pregnancy. Thelast two Bandtone how-

over, are not essential.

Pathological examination.
rt. Internal examination showsnoserious defects.
2. Normal tympanic membranes (or possibly atrophy).
3. Normal maeone tubae and no infections in nose and

throat.
4. X-ray examination shows normal pneumatisation of the

mastoid.

Examination of the ears.
1. Whisper test of both ears: less than 44—!4 meter.

2. With tuning fork: raising of the lower tone limit to oes

vibrations.
3. Normal bone conduction with a tuning ferk of 512 vibrations.
4. Rinne negative.
5. Audiometric examination:
a. air conduction — as a rule bilateral deafness of about 4o dBl

loss or more in the frequencies of 128—4096 vibrations;
b. bone conduction — practically normal up to 512 vibrations,

and above that a reduction to 40 dBIfor 1024 and 2048 vibrations
is permissible.

The ear withthe hardest hearing is chosen for the operation in
view of the risk that is always involved in the operation;

SHAMBAUGH reports 1.2%/o of cases with total deafness after this

operation,
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3. Preparations for the operation.

The patients are admitted to hospital a few days before the
Operation. The ears are thoroughly examined and tested once more,

and as pre-operative audiogram the mean is taken of three audio-
Ml “grams recently recorded, which, however, do not as a rule differ

~ much.
: Inorder to shorten the clotting time and bleeding time 300—500 cc
_ blood is drawn from the vena a few days before operating, whilst
_ two hours before the operation20 cc Sangostop is administered intra-

muscularly. This reduced clotting time and bleeding time has been
proved by the physician, Dr. Wensinck.
All patients are subjected to a thorough internal examination.
The day preceding the operation alcohol of 70 °/o proof is dripped

___ into the auditory canal, which is then loosely plugged witha sterile

i ‘gauze tampon, '

4. Anaesthetics.

, Here a choice has to be made between a local anaesthesia and

becomes restless, particularly when the horizontal canal is opened,
__juist at the time when the head should be motionless. The advantage

lies in the little bleeding. General narcosis is accompanied with more
_ profuse bleeding, and especially laughing gas is not to be recom-
mended, The use of ether has the disadvantage that diathermy cannot
be applied to arrest bleeding. If assistance is available then an

Evipan, a Eunarcon or Pantothal anaesthesia is to be recommend-
ed, because diathermy can then be applied during the whole

ia

  
  
  

   

 

   
  

    

: Managewithout the advantage of diathermy. However, I inject
a few ceof a + 100,000 adrenaline solution into the soft tissue and

¢ upper posterior wall of the auditory canal. I have not always

ndthis method quite satisfactory and therefore I now begin the
Sesrietionwith Evipan narcosis or local anaesthesia and apply ether

; on as incisions have been made in the soft tissues and the bleed-

ing vessels have coagulated, Before theoperation is begun the patients

oswith 1omg Napeniaa and “4 mg Scopolamine.

   

 

  

general narcosis. Local anaesthesia has the drawback that the patient’

Sofar I have always used ether as an anaesthetic and had to.
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Lempert, SHAMBAUGH and others operate under local anaesthesia,

whilst Campsett, Simson Hatt and others prefer general narcosis.

5. Operational technique.

If the fenestration operation is to be performed accurately — and

I consider this absolutely essential, because the success of the whole

operation may be affected by minor matters — the technique is
decidedly difficult. It is an operation in no respect comparable to
any other in otology, and the radical operation in the mastoid, for
instance, is a coarse, inelegant and bloody process.
To my mind it is irresponsible to attempt this operation without

having previously acquired most intensive practice in all details of

the technique, and moreover a good knowledge of the post-operative
progress is desired. Faulty technique and injudicious after-treatment
involye great risks of endangering the patient’s hearing.

The operation may be considered as being divided into two parts:
A. Preparation ofthe plastic flap.
B. Application of the fistula in the horizontal semicircular canal.
A. Contrary to Lempert, I have performed all my operations

behind the ear and by this method had a clear view of the operative
field, obtained a good entrance to the operative cavity by drawing
the ear well forward, experienced no complications in the after-
treatment and, finally, achieved a good cosmetic result. I will not

enter here into a discussion as to which is the better, the endaural

approach or my method, but since the approach behind the ear
appeals to me moreI have followed that.

The order of the various manipulations in the following technique
is of importance, those involving the most profuse bleeding being

carried out as far as possible first.
r. After infiltration of the soft tissues behind the ear andin the

superoposterior wall of the auditory canal with an adrenaline solu-

tion of 1: 100,000, the incision is made parallel to the junction of
the auricle, and the planum mastoideum is exposed.

2. Am incision is then made perpendicular to the axis of the
auditory canal in the posterior auditory canal skin, exactly medially
from the auricle cartilage. This is the incision which later on
connects the twoincisions in the auditory canal, whereby the plastic
flapis formed,
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3. A piece of cartilage with perichondrium is then taken from

any part of the auricle to serve later on as a stopple in the fistula;

until required it is preserved in a physiological salt solution. (This
stopple was only used in the first seven operations.)

4. The antrum is then opened with chisel and hammer and the

incus resected. No more mastoid cells are opened than is necessary

to get a clear field and give good access to the operativecavity.
s. The cells along the posterior auditory canal wall are resected,

leaving only a thin plate of bone.
6. The osseous posterior wall of the auditory canal is resected,

sparing the soft tissues of the canal. This is a technically troublesome
part of the operation. The skin has to belifted very carefully from

the osseous auditory canal with great patience a millimeter at a time,
after which it is removed piece by piece mainly with the swallow-tail

and sometimes also with the help of small bone forceps. It must be
borne in mind that the skin of the auditory canal is extremely thin

in some places (0.01—0.03 mm) andiseasily torn if the pressure is

at all excessive; it very easily tears in the area of the inferoposterior

wall, where there is a small bony ridge often making it most difficult
to lift the skin.

If the plastic flap should be in the least damaged there is the risk

that later on it will not cover the fistula, or it may become necrotic

owing to lack of nutrition, with the danger of an osseousclosing of
the fistula or closure of the canal with tough fibrous tissue (Lempert).
While carrying out the elevation very carefully I use the suction-

flushing apparatus already described,-so as to give better observation

and because by swabbing with gauze the plastic flap is apt to be
damaged,

7. ‘The bone around the head of the malleus is widely resected
and the ligaments attached to it are severed with a knife. The headis
then amputated from the malleus with the special forceps.

8. ‘lwo incisions are then made in the auditory canal, the first

from the tympanic membranelaterally along the superoanterior wall
and the second one from the tympanic membranelaterally along the
inferoposterior wall of the auditory canal. This leaves a plastic flap
in the form of a segment with its narrowest part connected with
Shrapnell’s membrane,

y. If the cartilaginous stopple is to be used then the cartilage
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preserved in physiological salt solution is scraped clean of its perio-
chondrium and cut approximately to size ready for use.

B. The application of the fistula cannot be performed without

using magnifying glasses or Zeiss—Gullstrand glasses. Moreoverit is

essential to use the suction-flushing installation in this stage of the
operation, as otherwise the bone dust cannot be thoroughly removed

and no clear view is obtained of the operativefield.
For drilling one can use right-hand and left-hand rotating burrs.

Should the burr slip through then if a right-handed one is used while

working in the left mastoid it will not damage the n. facialis, ahd

vice versa, but this should not happen if the burr is handled under

not too heavy pressure. Drilling should be done under light pressure
while repeatedly retracting the burr slightly, taking care not to

touch the plastic flap. If too heavy pressure is brought to bear on

the burr there is, moreover, the risk of it suddenly shooting through
the thinned wall into the semicircular canal and, of course, causing

irreparable damage to the endolymphatic system. In connection with

the possibility of damaging the endolymphatic system, I would point
out that when sucking away the bone dustit is dangerous to hold the

suction tube immediately against the fistula, because there is a risk

of the capillary endolymph canal being sucked up into the tube.

I therefore hold the suction tube in a position roughly central with
respect to the fistula, which is then just nicely flushed clean of bone
dust with the flushing liquid (for the position of the flushing tube,
see fig. 2).

In order to avoid damage to the endolymph canal while drilling
I apply the following method: when removing the bone dust from
the fistula I always noticed that when theflushing liquid was drawn

off through the suction tube the endolymph canal subsided to the

bottom of the semicircular canal; on the other hand, as long as the

semicircular canal was filled with liquid the endolymph canal was
rather close to the edge ofthefistula, floating as it were in the liquid.

Consequently before starting to drill I always-see to it that the

fistula is not entirely filled with liquid (see fig. 5), so that the
endolymph canal may not be so readily damaged.

Bleeding during the operation is arrested as far as possible by
means of diathermic coagulation as regards the soft tissue, Diffuse

bleeding from the small bone vessels is arrested by means of hydrogen
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isBeercroxide, adrenaline or bone wax. Especially just before openingthe

‘fistula it must be ensured that there is absolutely no more bleeding

bein the operative cavity.
¥ The fistula is applied at the level of the ampulla. Rous surfaces

aroundthesite of the fistula are removed with the burr. Then with

the polishing burr No. 5 the periosteal bony layeris removed on and

around where thefistula is to be applied (SHamBauGu). The enchon-

dralbone is then exposed, as may be clearly seen from the speckled

structure. The bone dust formed is regularly flushed out and drawn

__off with physiological salt solution hyated to 37° Celsius.

— —PERILYMPH LEVEL

\ _LENDOLYMPH CANAL

 

t DRILLING IS
NODRILLING INDICATED

oo Fig. 5.

2 As soon as a bluish tinge begins to show through the lumen of the
a~ canal and the ampulla, the operative cavity is again examined to see
. whether there is still any slight Bleeding: and if so it has to be

then lensed oi the ae Some pellyaeh then runs out.
yae“most cases thegreater part of the endosteum will already have

nremoved with the burr, but if there shouldstill be some small

eft inside the fistula opening they must be removed with

shaped instruments and if necessary with a small sharp

;tie opening is now enlarged with the burr as desired,

panies Ne can seee theesrita sunning

Yprlabd te
Leen a)

re,in themanner indicated above, not to damage the.

ay

Above the ampulla the fistula is madeslightly wider than above the
semicircular canal. If necessary a little bone is removed on both sides
of the fistula so that it comesto lie on an elevation.
The cartilaginous stopple is now cut to the right ‘size and made

to fit in the fistula. It must protrude a little above and below the
level of the canal wall, as indicated by Lempert. It must not protrude
too far into the canal, because otherwise it might damage the endo-
lymphatic system. Thefistula is then covered with the plastic flap,
over which a strip of gauze (1 cm wide) saturated in paraffin wax
is laid. On top of this a small sponge is inserted in the cavity to bring
an elastic pressure to bear upon theplasticflap.
The wound behind theear is closed with clips and the ear ban-

daged with asterilized dressing.

6. Post-operative treatment,

During the first five days following the operation the patients get
29,000 units of Penicillin every three hours. During the first 48 hours
the patients lie on the operated ear (SHAMBAUGH).
On the second day the dressing is renewed.
On the sixth day the sponge is removed from the operative cavity,

and on the eigth day the wax gauze is removed.
The cavity is further treated with Orgasepton powder and some-

umes with a few drops of Penicillin. In some cases it is necessary
to remove granulations with a small sharp curette.

After-treatment must be performed with great care and it is
important that the cavity dries quickly. If a cavity continues to dis-
charge pus for a long time there is a danger ofthe fistula closing and
of purulent labyrinthitis (Lempert, Simson Hatt), MoorHeap
reports for 124 operations 10 %/o with a chronic light discharge.
The patient leayes hospital between the tenth and fourteenth post-

operative days and is then further treated in the out-patients
department.

7. Case histories.

In the following case histories, for the sake of brevity, only

a concise anamnesis is given, witha description of the state of the

tympanicmembrane and the hearing tests.
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Noneof the patients showed any great defects in the nose, nasal

- cayities, nasopharynx or throat.
= Internal examination, urine and blood tests revealed no abnor-

3 - malities worth mentioning here; I willrevertto this farther on under B

_“General Symptoms”.
4 Where the operations are dealt with mention will only be made ,

of what might have been of importance in the further progress of .

the case. So far I have performed twenty-fiveoperations, but only
Be first twelve cases will be discussed in detail; most of the others “4

_are recent cases and cannot yet very well be judged.

Inthefirst eight cases the fistula was closed with a cartilaginous

_ stopple. In the last four cases this was not used, the plastic flap

being applied to the fistula directly,
i Sir all operations a good pneumatization of the mastoid was found,

80that there was in every case ample space between the dura of the

FE. middle fossa and the horizontal semicircular canal, which facilitated

___ the operation.ars
  
  

 

Case 1. A man of 4r years (fig. 6).
Progressive hardness of hearing since the age of 20. Left ear worse

19

Case 2. A woman 32 years old (fig. 7).
Progressively hard of hearing since 21st year. R. ear worse than

left. Much trouble from tinnitus in R. ear. Patient used no hearing
aid and could no longer follow conversation in company. There is

a sister hard of hearing. Hearing became worse while carrying first
and only child.
Tympanic membrane: wide auditory canal, no cerumen, both

membranes atrophic, inferoposterior quadrant transparent pink.
Hearing test:

R. whispering ad concham.
L. whispering heard at 25 cm.
Weber: noJaterilization.
Rinne: negative both sides.
Schwabach: normal both sides.
Lowest limit: R. 256, L. 128.
Operation R.ear.

No operative complications.
Result 4 months after operation: very good, whispering heard at

5 metres. Fistula reaction +. ;
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Case 3. Woman 23 yearsold(fig. 8).
Strongly progressive hardness of hearing during several years.
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Occasional tinnitus in L. ear.
Patient used no hearing aid and could no longer follow conver-

gation in company.
; 'ympanic membrane: both auditory canals wide, no cerumen,both

=Beembeanes highly transparent and atrophic, not drawn in.

_ Hearing test:
R. whispering heard at 25 cm.
L. whispering ad concham.
Weber:lat. to left.
Rinne: negative both sides.

 Schwabach: normal both sides.
Lowest limit: R. 64, L. 64.

Operation L. ear.

_Nooperative complications. In the evening following operation

_ profuse bleeding in woundcavity.
esult 3 months after operation: moderate improvementin hear-

g, whispering heard at 50 cm. Fistula reaction —.

Case 4. Woman of 40 years (fig. 9),

__ Progressively hard of heaning since 28th-year.
bir ae
ne R.ear worsethanleft.

ri - Occasionaltinnitus in R. ear.

Patient would not use hearing aid and could no longer follow

; ersation in company, but could Boe quite well. Two

NB sti
nisp ring ad concham.
ering audible at 25 cm.

eber: no ee

ae

aaysting:thesh flap theauditory canalskinwas torn

of mmeea satisfactory flap was ob-  
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Result 4 months after operation: good improvement, whispering
heard at 3 metres, Fistula reaction +.

10te

 

PAT No4

Fig. 8. Fig. 9.

Case 5. Man aged 41 (fig. 10).

Hard of hearing since age of 15, alternating ‘progressive and
stationary periods. R. ear worse than left. No trouble from tinnitus.

Patient would not use hearing aid and could no longerfollow con-
versation in company. Mother and three brothers hard of hearing.
Tympanic membrane: auditory canal only slightly wider than

normal, no cerumen, both membranes somemhat dull and not

atrophic.

Hearing test:

R. whispering heard ad concham.
L. whispering heard at 25 cm.
Weber: no lateralization.
Rinne: neg. both sides.
Schwabach: normal both sides.
Lowest limit: R. 256, L. 256.

Operation R.ear.
No operative complications.
Result 3 monthsafter operation: markedimprovementinhearing,

- re
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Case 6. Man 36 years old(fig. rr),
:meoeressively hard of hearing since 24years old, though stationary
in the last year. R. ear worse than the left. Tinnitus only in R.ear.
Patiens would not use hearing aid and could no longer follow con-
yersation in company.

No deafness in the family.
__ Tympanic membrane: normal auditory canal; no cerumen, both
membranes dull grey, not drawn in.
_Hearing test:

OR whispering heard ad soncheat
L. whispering heard ad concham.

: Weber:no lateralization.
Rinne: negative both sides.
 Schwabach: normal both sides.
tLowest limit: R. 256, L. 256.
Pp Operation L. ear.

During the whole operation diffuse bleeding difficult to arrest.
Result 3 months after operation: whispering heard at 50 cm.
‘Fistula reaction —.
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Patient used a bone conduction hearing aid but can only follow
conversation in company with difficulty. No deafness in the family.

Tympanic membrane: both auditory canals wide, no cerumen,

both membranesslightly atrophic, not drawn in.

Hearing test:

R. very loud talk heard ad concham.
L. yery loud talk badly heard ad concham.
Weber: no lateralization,
Rinne: neg. both sides.
Schwabach: slightly diminished both sides.
Lowest limit: R. 512, L. ¢r2.

Operation L. ear.
No operative complications.

Result 3 months after operation: very decided improvement of
hearing, whispering heard at 10 cm. Fistula reaction +.

Case 8. Man of 47 years (fig. 13).
Progressively hard of hearing since 25 years old. L. ear worse

than right. At times trouble from tinnitus in L. ear.
Patient would not use hearing aid and could only with difficulty

follow conversation in company. Three brothers and mother hard of
hearing.
Tympanic membrane:both auditory canals wide, no cerumen, both

membraneslightly atrophic and dull, not drawn in.

Hearing test:

R. whispering heard ad concham.
L. loud talk heard ad concham,
Weber: nolateralization.
Rinne: negative both sides.

Schwabach: slightly diminished both sides.
Lowest limit: R. 256, L. 256.

Operation L., ear.
No operative complication. In the evening following operation

some bleeding in wound cavity due to pressure during tendency
to vomit. ,
Result 2 monthsafter operation: whispering heard at 25 cm.

Finale \ tion $3 wei
eI fh Pyeer
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right. Patient had formerly beentroubled with tinnitus. Refused
to use hearing aid and had difficulty in following conversation in
company. No deafness in the family. ;
Tympanic membrane: both auditory canals wide, no cerumen, both

membranes lightly atrophic and transparent.

Hearing test:
R. whispering heard ad concham.
L. loud talk heard ad concham.
Weber:lateralization to left.
Rinne: negative both sides.
Schwabach: normal both sides.

Lowest limit: R. 256, L. 480.
Operation R.ear.

Nooperative complications.
Result 2 months after operation: considerable improvement of

hearing, Whispering audible at 1 metre. Fistula reaction —.

1914

        

    
    
     

  

Fig. 12. Fig. 13.

Case 9. A womanof 25 years (fig. 14).

‘ Progressively hard of hearing since 4 years of age. L. ear worse

than the right. There had been tinnitus in both ears, but not at that
/

  

  
  
  
  
  
  
  
  

  

  

_ Patient would not use hearing aid and could not follow conver-
_gation in company. Hearing much worse since pregnancy with only [uSsde-
child.

ee.membrane: both auditory canals wide, no cerumen, both
membranes very transparent and atrophic, not drawn iin.

Hearing test:
_R. whispering heard ad concham.
As whispering heard ad concham.

+ nolateralization.
iveboth sides.

+: normal both sides.
Bowe las Lis 612

ee GRY. ;
Ea months after operation: considerable improvement of

& Whispering audible at 4 metres. Fistula reaction +.
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Fig 14. ’ Fig. Ij.

   

Case 11. Man 40years.old (fig. 16).

Progressively hard of hearing since 2oth year. Bothears eqally
bad. Formerly had tinnitus. Patient used bone conduction hearing
aid, butcould not follow conversation in company. No deafness in

theofan

   

Man 59,yearsold (fig. 15). i

hardofhearingsince ti year.L.earworse than
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?

_ Tympanic membrane:both auditory canals wide, no cerumen, both
_membranes very transparent and atrophic, not drawnin.

_ Hearing test:

R. whispering heard ad concham.
_L. whispering heard ad concham.

Weber: no lateralization.
Rinne: negative both sides.

_ Schwabach: normal both sides.

Lowest limit: R. 256, L. 256.
Operation L.ear.

No operative complications.
Result 2 months after operation: good improvement of hearing.

_ Whispering heard at 1 metre. Fistula reaction+.

 

  

  

  

  

  

  

  

  

  

  

  

  

  

             
 

  
   

iYass S12 1024 2048 aave ae 16600 2 a a6, 51210242088 4oyo uma 18000

i 10!
prrteed+ 1 tavess, fe2 ce ct es ce ale insect hen, 1c? ce ica ee 2

y 7 fF 2
"
v= to S,

: Se
. amen es te

abotl Tia, ar ie 20
~ <a

| Dad versie iy so
we ao 48, 4°

*? SJ sx 50 60Nae i
60 © 60

see =e 9 :

VF 70 i oD

* 60 a 60

H(n a ns

100 Aa +
ne ? > 9
bias _— (eye AC - Ho”

h
120

j REIN 120

me " One Baw ADRS @19¢ 16000 os ‘98 256 6%a Oy wae 124 Was s0e6 B98 +6009.
' PAT. No.2
uh. Nee

ie i, ‘ ie , «
Fig, 16. Fig. 17.

»_

Case 12, Woman37yearsold(fig. 17).

 
_Progressively hard of hearing since 23 years of age. R. ear worse
thar the left. Formerly troubled with tinnitus in R. ear. Patient
undhearing aid troublesome and could not follow conversation in.

Ic ipany. Nodeafness in the family.

‘Tympanic membrane: both auditory canals rather wide, a trace of
n, bothmembranes dull grey and opaque.

fearingvest: |
whispering heard at10 cm, vite

esse
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L. whispering heard at 25 cm.
Weber: no lateralization.
Rinne: negative both sides.
Schwabach: normal both sides.
Lowestlimit: R. 256, L. 256.
Operation R.ear.
No operative complications.
Result 3 months after operation: good improvement of hearing.

Whispering audible at 3 metres. Fistula reaction +.

8. Post-operative complications.

I will first mention here the damaging of the N.facialis during

the operation. This is a complication that can be avoided if the

chiselling and burring is done carefully and the surgeon has adequate

anatomic knowledge of the mastoid and ensures that the operative

field is kept clear for goodvisibility.

Paresis of the N. facialis is also apt to set in three of four days

after the operation, as described by Campsett. Probably this paresis

is due to oedema in the facialis canal, because usually the nerve

recovers after six weeks,
Another complication, which is very serious, is purulent labyrin-

thitis. That this is a complication that must be reckoned with is

evident from SHamBAUGH’s report of 1.2 °/o totally deaf cases after

the operation. This stresses the necessity of the utmoststerility in

working and taking care not to operate while there is any infection

in the nose and nasopharynx, whilst furthermore the postoperative

administration of penicillin will certainly be indicated.

The above mentioned complications have fortunately not occurred

in my cases, but there has been the occurrence of traumatic labyrin-

thitis, as it is called by Kuyney. Itappears from literature that other

surgeons also experience this complication as a rule. Immediately

after the operation the patients have a horizontal rotatory nystagmus

towardsthe side not operated upon,and this nystagmusis usually of

the third degree. It lasts mostly from two to four days, with an

exceptional case of a few days longer. It was probably this labyrin-

thitis that was the cause of some of my patients not showing

a positive fistula reaction although the fistula was open. FowLer

— demonstratedexperimentally that the cause of this lies most probably

ut petal incase hs be, +!’Le |
Eo ¥
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‘in a local labyrinthitis around the fistula immediately after the
Operation, Among CamppeLt’s patients there were a number with
a negative fistula reaction. SHaAMBauGH likewise reports a much

higher percentage of successful cases than of patients witha positive
fistula reaction.
rl Finally I would mention the post-operative serous labyrinthitis

as it is called by Lempert, which he ascribes mainly to an infection
arising from the plastic flap. SuamBaucu lays more emphasis upon

__ the bleeding from this skin flap and upon the blood penetrating into
thefistula during and after the operation. Whereas the complication

_ last mentioned concerned mainly the vestibular part of the labyrinth,
this complication concerns principally the cochlea. In how far these
two complications are related one to the other I cannot at the
moment say. SHamBAuGH was able to demonstrate experimentally

____ that blood that had entered the fistula penetrated via the perilym-
___ phatic space into the cochlea, deposited itself on the ReissNER mem-

brane and formed there a fibrinous layer, this being taken by
_SHAMBAUGH as the cause of the original improvement in hearing

: being partly lost again. Already the second day following the
__ Operation this complication manifests itself in loss of acuity in the

if high notes whilst the low notes are still heard quite well. The
turning point, remarkably enough, always lies in the region of

1242048 vibrations (see figs. 18 and rg); it must be remembered
_ that these audiograms are recorded without dressing but with the
_ sponge and waxgauzestill filling the cavity.

Onthe fourth day following the operation the gain in hearing for
~ the low notes also suddenly disappears, to return again between the
tenth and the twenty-first post-operative day, as also reported by
_ Lemerr'r, Sometimes this is a gradual process but cases are known
| where iit takes place rather suddenly.

_ Recovery from the post-operative reduced perception of the high
4) “notes ismuch slower and is not complete until the ear has dried

  

  
   

    

  
  

  

  

 

     
     

 

 

   

pivhelialised hearing is as a rule at its best, as is also concluded by
ON Hat and Kinney. Stuson Hatt points out the importance
oetheeterasBea.as aeas otherwise the gain
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that in case of infection in the wound cavity there is a greater
tendency of the fistula closing; and secondly the toxic influence
apparently emanating from the infected wound cavity, clearly
noticeable from the fact that the perception of high notes — appa-
rently the most sensitive — remains poor or but little improved

until suddenly it becomes much better as soon as the wound cavity
has dried up.

As a rule hearing recovers after a post-operative serous labyrin-

  

  

  

  

 

  

  

  

  

  

  

 

  

(seefigs. 20 and 2r). When the ear is dry and thus the cavity.

  
  

                      
thitis, but cases are known where it is left as it was before the
operation.

Lempert tried to avoid post-operative serous labyrinthitis by com-
pletely filling up the wound cavity with paraffin wax. Later on he
tried to do this by inserting a cartilaginous stopple in the fistula.
As already remarked, he believes the cause of this labyrinthitis lies
in an infection from the plastic flap.

SHAMBAUGH is more inclined to ascribe the cause of this compli-

cation to the penetration of blood into the perilymphatic space,
which he tries to prevent by applying an elastic pressure to the
plastic flap, using pieces of sterilised sponge to fill up the traumatic
cavity. Further, he places the patient with the head in such a position
that thecochlea lies higher than the fistula in the horizontal canal.
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‘Thus for 48 hours after the operation the patient lies on the
‘operated ear. E

Cawruornefills up the traumatic cavity with serum into which
‘trombine is injected. It has the advantage that it does not need
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In this stage of labyrinthitis most patients are troubled with
tinnitus, at times with throbbing in the ear and a perceptible dipla-
cusis. It is very difficult to take an audiogram of these patients,

_ because sometimes the different notes continue to ring a long time
after; the patient often declares he can hear the sound while the

_signal lamp is burning, thus when the sound has been switohed off.
All these symptoms disappear as soon as hearing improves.

iAcorrective operation is only called for when ‘an osseous closure
__ ofthefistula is suspected. Should therebe no immediate improvement

| hearing after the post-operative serous labyrinthitis there is of
“course nouse in performing a corrective operation, especially if we
are to ascribe the cause to the changes in the cochlea described by

AUGH.

9. Post-operative course of own operational cases.

All patients showed the symptoms of post-operative traumatic
yrinthitis. Tnallcases there was a horizontal rotatory nystagmus,

rely i
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sometimes of the third degree, and directed towards the non-operated
side. In mostcases this lasted three days, and in one case a few days
longer. In two cases the nystagmus had already disappeared 24 hours
after the operation. In the cases where the fistula had been shut off
with a cartilaginous stopple, during the first fourteen days the
patients had attacks of dizziness when suddenly turning the head in
a horizontal plane. There was one case, where the fistula had not
been shut off with the cartilaginous stopple, where for four weeks
the patient felt very unsteady on his legs when walking.

In all cases the hearing immediately after the operation was much
better, but on the third or fourth day a relapse set in owing to the
post-operative serous labyrinthitis. In only two cases (No. 2 and

No. rr) was this phenomenon appreciably less marked.
Those patients who had been troubled with tinnitus before the

operation and showed a considerable improvement in hearing after
the operation were no longer troubled with tinnitus.

There was no post-operative elevation of temperature or any

particular complication. :
After a few weeks patient No, 8 had a rather narrow entrance

of the auditory canal which I had to widen operatively.
On an averagethe traumatic cavity had dried up in 8—g9 weeks,

in one case already after 5 weeks and in another not until after
12 weeks. As already stated, hearing — particularly perception of
the high notes — is at its best when the cavity dries up. The same
is reported by other surgeons, i.a. Campari and G. Passe. Subse-
quently the hearing diminishes again by a few decibels, after which
it remains stationary.

It is not the intention to discuss at length the results of my own
operative cases in this thesis, because they cannot be properly judged
until a longer period of time has elapsed. Campsect thinks the result
cannot be judged before 8 months after the operation, whilst
SHAMBAUGH holds to 12 months and CawTHORNE even two years.

I will therefore speak only of the direct operative results. Of my
12 cases 8 were successful, 2 gave slight improvement and in 2 other

cases the hearing remained practically the same as before. Where
I speak of successful cases I mean those where the patients are

satisfied with the result and whose hearing for speech has improved,

so thatAspidproatyis not based only on the question whether after
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the operation the audiometric test showed 30 decibels or more loss
of hearing. As a matter of fact, considering the loss of hearing prior
to the operation, this was not always to be expected.
Can any reason be advancedas to why in two cases there was no

improvement? In both these cases there was during the operation
diffuse bleeding from small bone vessels which was difficult to arrest.
I suspect that a small quantity of this blood penetrated into the

fistula.
Of the two cases where there was only a slight improvement in

hearing one had rather profuse bleeding in the cavity in the evening
following the operation, while the other patient had heavy vomitting
attacks after the operation and owing to the pressure there was

_ likewise someslight bleeding in the cavity. Most probably in both
_cases some blood penetrated underneath the plastic flap into the

fistula.
‘It would therefore be of great help if we could dispose of some

means of immediately sealing the plastic flap in situ. This means has
perhaps been foundinthe solutionsof fibrinogen and thrombin with

_ which experiments are now being madein plastic surgery in England.
These two solutions mixed together and exposed to the atmosphere
give a very hard substance within one minute. In England it is

believed it can be used for skin grafting. It should, however, also be
suitable for our branch of surgery and mayprovide the solution to
the problem of post-operative labyrinthitis.

VASOMOTOR SYMPTOMS WITH OTOSCLEROSIS AND
THE OTOSCLEROSIS OPERATION.

I. Improved hearing in the non-operatedear.

In the foregoing no mention has been made of the phenomenon
that in every case immediately after the operation there was im-
proved hearing in the non-operated ear,

It is most remarkable, when standing by the bedside, Rass much
easier one can talk with the patient than before the operation, And
notwithstanding the post-operative dizziness the patients are greatly
pleased with what they regard as the success of the operation. Sounds
they have not heard for many a year are perceived again and many
of them can hardly bear the sudden noise. Patient No. 8, who before.
the operation was very bad of hearing (whispering heard ad con-
cham), heard, in the evening following the operation, a nurse walking
along at the end of the corridor (with rubber floor covering) at
a distance of quite 30 metres, whilst the door to his room wasclosed.
Others hear a clock ticking, a tap running, motorcars passing by the
hospital. Many more instances could be given, but what I have
mentioned here will suffice, —
On the face of it one is inclined to think that these are already

the results of the operation, but when an audiogram is taken of the
non-operated car and of the operated earstill with the dressing on,
it is soon found that in most cases it is the non-operated ear that has
the better hearing than before. The operated ear perceives the various
notes of the audiometer at a level that is in any case lower than that
of the other ear. This is understandable when we bear in mind that
the operative cayity is filled with paraffin wax, gauze and sponge,
whilst this filling is furthermore saturated with secretions and some
blood, and oyerit all is a thick dressing.

Figs. 22—33 show the improvements in hearing of- the non
operated ear of the various patients one or two days after the
operations. Insome cases there is a difference of ro to 15 decibels,
and considering that it occurs in all cases I do not think that it is
a question of a psychic phenomenon, as SHampaucH andalso
Lempert are inclined to belieye., Moreover an intelligent patient
noticest i‘hima.
Se hei
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Literature mentions some cases of better hearing in the non-
operated ear. Gray observed in 1935 that ia cases where hearing
‘was improved by his thyroxine treatment there was also improvement
‘in the non-treated ear. URBANTSCHITSCH reports the same phenome-
non, in his “Lehrbuch der Ohrenheilkunde” (1910, page 375). He

gives instances where after operation on one ear also the hearing
inthe other ear was favourably affected. Thisoccurred after teno-
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tomy of the musculus tensor tympani, after tenotomy of the tendon
of the musculus stapedius, after resection of the malleus or of the

malleus together with theincus.
Ursantscurrscn likewise found that dilatation of the tuba with

a bougie on one side may result not only in improved hearing but
also reduced tinnitus in the other ear. He writes (on page 308):
“Dementsprechend kommt auch den Bougierungen des Tuben-

&
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Perales nicht nur eine direkte locale, sondern auch eine irradiiert

_ ausgeléste centrale Wirkung zu. Diese letztere erstreckt sich nicht
nur auf die behandelte, sondern auch auf die andere Seite, so dasz

also z. B. eine Bougierung der rechtsseitigen Ohrtrompete nicht nur
mcr Steigerung des Hérsinnes am rechten, sondern auch am linken

_ Ohr yeranlasst.”
UrpanrscuitscH has thereby in mind the excitation of some

sensory trigeminus branch.
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SourDILLE, too, has observed this phenomenon and speaks of a
“reflexe oto-otique” and questions whetherit is a trophic or a vascu-
lar effect, He calls this phenomenon “symphatie auriculaire”.

HoitMGreENlikewise observed improved hearing in the non-operat-
edear, but he does not give any explanation for it.
. Camppect found an average gain in hearing of 3.6 decibels in the

_ non-operated ear and 6.2 decibels at the moment that the hearing

in the operated ear wasatits best. He does not give any efplanauen
’ either.

Koretzxy believes that the improved hearing of the non-operated
ear is due to an “awakening of the cortical hearing centre”, leaving
it at that and giving no further explanation.
Nasteix ascribes this phenomenon to vibrationsin the skull caused

by the chiselling open of the mastoid. As proof he exposed the
mastoid of an otosclerosis patient and imitated the chiselling by
tapping on a punch. The result was improved hearing in bothears,
which was maintained for a month. In a second experiment he did
not succeed in improving the hearing. My opinion is that in his
experiments he brought about hyperaemia, thus finding an improve-
ment in hearing that way. That his theory of skull vibration is not
correct is evident from the fact that Gray observed the same thing

after a simple injection of thyroxine in the tympanic cavity, without
exciting any vibration in the skull atall.
From this review of the literature on the subject it appears that

nobody has really been able to give a good explanation of the
phenomenon.

I have endeavoured to account for this remarkable symptom and
believe an analogous phenomenon is to be found in Gray’s oto-
sclerosis patadoxica. Before going into this question further, however,

I wouldbriefly recall to mind Gray’s theory of otosclerosis.
In his paper read before the Royal Society of Medecine on

4th May 1934, Gray began with a detailed pathological review in

connection with some post-mortem examinations. The conclusionsat

which he arrived are: that the spreading of the osseous changes in
the capsule of the cochlea haslittle to do with the seriousness of the

deafness, the tinnitus or the duration of the disease. He found
a remarkable symmetry in the changes in the bone of both the

organs ofhearing. Gray foundchanges in the N. cochlearis, degenera-
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ye changes in the medullary sheath and the neurilemma. The
vestibularis was normal. In some cases these changes were found

en before fixation of the stapes. As regards the clinical symptoms,
Gray called attention to the fact of Bfaruletoeis paradoxica occurr-

also when amyl-nitrite is inhaled, when there is,a sudden im-

ovement in hearing due to changes taking place spontaneously in

mena, taken together with the defective vasomotor reflex of the
bh_tympanic membrane, lead Gray to think that a defective vasomotor
_ reflex must play a part in the otosclerosis.

A greater supply of blood is needed when tissue is functioning

thanwhen it is at rest, and the increased circulation is regulated by

the vasomotor system. The stimulus acting upon a certain tissue and
tivating it is at the same time a stimulant for the vasomotor system

upplying blood to that tissue. As a consequence of the vasomotor

reflex there is a dilatation of the arteries and arteriolae, accompanied
asa rule by an increase in the volume of the tissue. In the case of

arteries situated in bone, as in the organ of hearing, this is not pos-
sible; these arteries can only dilate outside the osseous part, with the

aethat there is an accelerated flux through thevessels in the bone.
_ When the vasomotor reflex of an organ does not function properly

Biker the cells may undergo degeneration or may be destroyed by
eighbouring cells, or what is most usual, the tissue may remain

normal in appearance, but the cells do not immediately die for want
‘ofnourishment.

Thestimulus for the organ of hearing is sound, and this also
timulates the vasomotor system. Gray presumes that a permanent

ectin the vasomotor reflex of the whole organ of hearing is the

use ofotosclerosis. This must then be reconciled with the clinical
indpathological symptoms.
t. Thevascularreaction to stimulation of the tympanic mém-

‘ brane is muchless in cases of otosclerosis than in persons with
istseit«normal sense of hearing (FRoEscHELS).

a 2, Tinnitus indicates that the nerve structures are involved in
_ the disease and sometimes it precedes deafness. On the other handin

@ cases it does not occur even with the most serious stapes

  

‘the blood circulation (dilatation of the blood vessels). These pheno- .
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ment in hearing, as occurred more orless in all cases of otosclerosis
investigated by Gray. This means of dilating the vessels furnishes
proof that the organ of hearing can indeedstill function satisfactorily
if there is a sufficient supply of blood. This cannot be any regenera-
tive process in the damaged nervecells, because it takes place too
quickly for that — in a few seconds, It is a matter of the function
of complete living tissues being restored by a rapid improvement in
the blood supply.

4. Otosclerosis paradoxica is closely related to this. It is the.
phenomenon of a patient hearing better under conditions where in
many cases one would even expect it to be otherwise. These con-
ditions arise suddenly and are likewise due to a drastically improved

blood supply (consumption of alcohol while in a state of fatigue;
riding in an open car without windscreen; hyperaemia in the head).
They are conditions mostly of short duration!
As to the pathological anatomic changes, Gray believes that these,

too, are to be accounted for by his theory of the defective vasomotor
reflex. The osseous changes in the labyrinthine capsule particularly
arise just there (Foramen ovale) where both the function and the
traction (ligaments of the moving stapes) require an abundant supply
of blood, which is lacking. The nerve, too, requires extra blood

supply when functioning, and when this is lacking the consequence
is the degeneration described, The cells of Corti’s organ and of the

spiral ganglion show no changes, except perhaps in the last stage of

this disease.
Gray draws attention to the symmetry of the structural changes

in both organs of hearing. This is due to the fact that the vasomotor
nerves controlling the blood supply to the organs of hearing are
anatomically symmetrical and belong to one and the same system.
Whenever structural changes take place as a result of defective func-
tioning of these nerves then those changes are bound to be symme-

trical too, So much for Gray’s theory.
Support for Gray’s theory is found in the experiments conducted

by Ramiscu, who incases of otosclerosis observed deterioration of
hearing when adrenaline was injected but not in cases of other forms
of deafness.

Lmpier, in an extensivetreatise, explains how fb vegetative
nervoussystemafshe cna‘ok hearing andthe vestibulary apparatus

PA lea AM oi
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work. The art. auditiva interna supplies the organ of hearing with
blood and originates in the art. basilaris. Fibres lead from the gangl.

ceryic. sup. to the ‘art. carotis interna and together with thelatter
enter the skull. From the gangl. stellatum fibres lead to the art.

___yertebralis and in this way reach the cranial fossa. The two plexus
Fr “carotici connect up with each other in the circulus arteriosus Willisii,
so that — according to LeipLer — even whenthereis stimulation of
the sympathicus only on one side there may well be inneryation of

_ the vessels on both sides in the same sense! It is in this network of
nerve fibres that the vasomotors of the membranous labyrinth have
r their origin.

pe Myline of thought as regards these processes is the following:
_ The stimulus for the vasomotor system of the organ of heanoesis

Ripind. In the case of otosclerosis there is a defect in this vasomotor
: _ reflex system causing changes to take place in the osseous capsule of
the cochlea and the nervous tissues. As a consequence ofthe bone

‘growth of the round windowthere is fixation of the stapes, with the
i asecoesle that fewer and naturally weaker sound stimuli reach the

is: - _ cochlea. The already badly functioning vasomotorreflex will there-
_ fore functionstill worse. The worse this reflex, the greater will be the

  

 

  
  
    

    

 

   
    

 

     
   

    

a“structural changes and the stronger the fixation of the stapes, and so
zeon, Thus there arises a vicious circle with an ever-increasing aggra-

_Yationof the process,
_____Now when thefistula has been applied in the semicircular canal

_ this vicious circle is suddenly interrupted and, since the perilymph
has been remobilized, a condition is brought about which is com-
eiarable to that of a non-fixed stapes. A new expansion outlet having

beenmade, the sound waves are again enabled to penetrate into the

whole of the labyrinthine system1) and the stimulus for the vaso-
motorreflex system suddenly becomes much stronger. Furthermore,
t Operative trauma of the mastoid likewise stimulates the vaso-

ate otor system,especially in the immediate post-operative period, for
Ost-traumatic hyperaemia is observed in this region. There are

} two stimuli for the vasomotor system, to be regarded as one
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entity for both ears (cf. Gray and Lerpier). Consequently a stimu-
lation of this system in one of the auditory canals must also affect
the other. The abovementioned stimuli acting upon the operated ear
then cause a better flow of blood to the non-operated ear, so that

the hearing on that side is better after the operation. This is borne
out by the observation — of which aninstance will be given — that
the improvementin hearing of the non-operated ear fluctuates with

the post-operative fluctuations in the hearing of the operated ear
(cf, also figs. 34 and 35).
Of course if this theoretical consideration is to carry any convic-

  

 

  

 

 

 
 

 

 
 

 

 

 
 

 
 

 
 

 
 

 
 

 

 

 

                     
tion it must be supplemented with clinical observations. I have
therefore sought for proofs and believe to have found them in the

following points:

1. Vasomotor defects in the auditory canal.

Frorscuets has described the remarkable phenomenon that in
cases of otosclerosis the auditory canal becomes less sensitive as deaf-

ness increases. Gray likewise found reduced vascular reaction of the

tympanic membrane upon the application of pneumomassage or
__ excitation with a swab, as compared with persons of normalhearing.
As already remarked, Gray takes this phenomenon as asupportfor
| hisge
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_ Myassumption was that if, after the operation, there is an im-
proved flux of blood through the non-operated ear, then there must

be also improved vascular reaction of the tympanic membrane.

_ the processus longus of the malleus of the non-operated ear, with
____ athin needle and at constant pressure. I waited two minutes before
“i p. making an examination (wearing glasses of a power of 3) and care-

fully recording the vascular reaction of the tympanic membrane, In
_ 5 of the 18 cases I found a stronger vascular reaction after the

operation than before it. Often before the operation there was no
____ vascular reaction at all, whereas after the operation there was some
__ reaction. Compared with test persons of normal hearing, however,
___ there was in every case a decided difference to be noticed. The same

n _phenomenon apparently occurred when exciting the tympanic mem-
rf brane with swabs, but in view of the small differences in vascular
a reaction, these tests are not absolutely reliable, owing to the diffi-
es culty of applying in this way excitations of exactly the same intensity
mee in all cases,

i: In my opinion, fowevee these observations do indeed go to prove
i he. that the vasomotorreflex in the non-operated ear is improved,
i. Since, as Gray was able to demonstrate, in cases of otosclerosis

better blood circulation gives better hearing, we must take this as
beingthe cause of improved hearing in the non-operated ear.
_____‘The following phenomena, though not to be taken as proof, make
it quite probable that as a result of stimulation of the vasomotor

‘system there must be a better blood supply in the operated ear.
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mi 2. The disappearance of tinnitus after the operation.

: zy, _ Oneofthe most important subjective phenomenais tinnitus. Many
Be psaifeats have it, or at least have had it before, while some have it

_ periodically. According to Gray the cause is to be sought in the
___ degeneraving cells of the acoustic nerve. Apart from the fact that
this tinnitus may cease spontaneously through some cause or other,
Fawefind thatiit also disappears under the following conditions:
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_I therefore experimented byinjecting 100 ce water of 37° C. against
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some ringing in the ears stopped, It is to be assumed in this case that
the lack of oxygen in the blood caused the vessels to dilate, resulting
in hyperaemia of the organs ofhearing.

b. The fenestration operation.

In all my cases where there was improved hearing after the
operation and the patients had had trouble from tinnitus, this dis- .
appeared entirely. The same phenomenon has been recorded by other
operators, among whom Sourpitre, Campsert, Lempert, SHam-

BAUGH, G. Passz, and Simson Hatt. Hotmeren reports having

observed that tinnitus stopped as soon as the endosteum of the
horizontal canal was exposed.

c. Other treatments of otosclerosis patients where hearing has

been improved without activating the perilymph.
Gray mentions the disappearance of tinnitus with improved hear-

ing after injection of thyroxin in the tympanic cavity, administered
with the object of effecting hyperaemia.

M. Meyer observed the same thing when hearing was improved
as a result of sub-occipital punctures in cases of otosclerosis.
Ruparscuow performed a sympathectomy of the cervical sympa-

thetic ganglia of a patient with otosclerosis in view of tinnitus trouble

and also had success; in fact there was even a temporary improve-
ment of hearing. The hyperaemia occurring must, in my opinion,
have been the cause of the improvement.

In the cases sub a and ¢ we therefore find that tinnitus disappears
as a consequence of hypéraemia, accompanied by improved hearing,
‘while the perilymph continues to be wholly or partly immobilised.

In the case sub & tinnitus disappears at the momentthat the fistula
is applied, thus when the perilymph is again mobilized. The sound
stimuli penetrating better into the cochlea arethe stronger stimuli for
the vasomotor reflex system.
From a and ¢ as well as bI think it is to be concluded that

improved blood supply to the nerve cells immediately causes tinnitus
to stop.

3. Raising of the upper tone limit after the operation.

Inthreeof mycases (patients 7, 9 and 12) I observed a paising
o atWitsvalk . - tg ¥
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ness of the acoustic nerve. When as a result of the operation thisu
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_ of the upper tonelimit, also the non-operated ear sometimes record-
ing higher notes than before the operation:
    

 

 
 

 

Patient No. 7 Patient No. 9 Patient No. 12

before after before after before after

operated ear 6,000 10,009 9,500 10,500 12,000 12,500

non-op. ear 8,500 9;$00) 9,200 9,500 12,000 12,000

 

In agreement with the foregoingit is obvious to assume that before

the operation that part of the nervous system responsible for the
perception ofthese higher notes must have been in a sort of comatose,
and as a result of the operation was again able to function. :
Thaye not been able to find anything written about this in the

literature, but from a study of the various cases publishedit is to be
seen that in several instances there has been a post-operative improve-

ment in hearing amounting to 20—30 decibels above the level prior
to the operation where no perception could be recorded with the
audiometer.

4. Improved bone conduction after the operation.

Among my eight successful cases there werefive with improved

bone conduction between s12 and 2048 vibrations, the difference
_ amounting to s—ry5 decibels. The same phenomenon has also been
reported by Lempert, Hotmcren andKoprrzky.
Bone conduction is generally regarded as a measure for the intact-

nerve receives a better flow of blood it is able to functionbetter,

is ‘

_ §, A phenomenon observed in one of my otosclerosis cases.

4

andthismanifests itself in improved bone conduction.

oo Some years previously the patient had. undergone elsewhere

‘amastoid Operation on the left ear.Hearing was worse in that ear

anin theright one and moreover the patient wasseriously troubled
With tinnitus in the left ear. Upon the left mastoid being exposed
“@cavity was found which proved to be the antrum enlarged in the
previous operation. A large part of the osseous posterior wall of the
uditory canal had been remoyed, as a result of which the skin of
¢ auditorycanal had becomefibrous and easily tore at once. I then
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decided not to operate further, because there was no possibility of
making a proper plastic flap. So really only antrotomy was per-
formed on this patient.

; Before I was able to tell the patient that I had been unable to
perform the operation intended, she said how delighted she was with
the result (see figs, 36 and 37). Further she said she was so glad that
the troublesome ringing in the left ear had gone. The improvement
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in hearing of both ears continued for four weeks.
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It has struck me that the improved hearing in the non-operated

A ear may continue for seyeral months. As already remarked, it fluc-

tuates with the variations in hearing of the operated ear.
The improved hearing has nothing to do with “overhearing”; this

can be precluded by masking. It appears, inter alia, that soon after

the operation the perception of high tones is often improved in the

non-operated ear (see the audiograms), whereas in the operated ear
it is mostlygreatly reduced!

eve that in this theory based on a vasomotor reflex an

 

iy ik bat
*

Pa

et

 

12 1024 2048 4090 atvd 16000 2046 4006 812 16090

i c c é ica a ca ce a i C c Ge ce ct Cal fag cf 6

ER o a ho

ey oe 20 20
Al PES Slee e 70 ww 7, ae

BS aS Pease SY Bae A he
<2 \

40 $0 =a x 10

a és -) We

y a 4 Sea NY a #2
: a sat 20 “= <. 20

0 6c 69 20

.. 2 go) 50+ — < 90 ‘ 90
i A \ 0 400)

" RJEAR|NOT OPERATED per xc L] EAR ANTROTOMY MS
|| BeroRe [THE joPERATION it | 2

20) 10 ’

~|== tweex AFTER THE OPERATION |
ah, 128 056 19 1028 2048 eave Bi0e 16000 = 128 338 12 1048 wae 4Oe8 Biot 8000

i '

Fig. 36. Fig. 37.

Apparently the trauma of the mastoid gave hyperaemia and

resulted in the temporary improvement of hearing. Here was another

case where the stimulation started in one organ of hearing affected

the vasomotor system of both ears.
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explanation has been found for the improved hearing of the non-
i,operated ear.
a>

IL. General Symptoms.
_____ Inthe treatmentof patients with otosclerosis, and especially during

____the time they are in hospital, I have noticed that they are mostly
a particular type of person. Generally speaking, they are highly
a nervous patients, highly susceptible to changes. They are very often

-troublesome post-operative patients.

On_ hearing, but it appears to exist often also in cases of otosclerosis in
i,Mis ‘itsfirst stages, thus with patients only slightly hard of hearing.

___ Of the 25 patients upon whom I operated 19 were of the highly
__-‘heryous type.
____- One patient has a mother suffering from schizophrenia. Another

patient, not operated,is afflicted by the same disorder andis being
__ treated with shock therapy.
— Tn cooperation with the physician, my colleague Wernsrncx, I have
__ been seeking for other vasomotor defects in patients suffering from
_otesclerosis. The symptoms observed are the following: migraine,
4 nervous headaches, nervous heart attacks, fainting fits and many
other suchlike symptoms. Our investigations cover too few patients
a,as yetto give any conclusiveresults.

Alsoother inyestigators, inter alia O. Mayer, Bauer and Sten,
eae and ORzECHOWsKY mention general vasomotor defects.

____ Bauer and Sreiw have found many degenerative stigmata among
“a Hie patients.
—According to M, Scuwarz, Zorsacu has found mainly asthenic
ye:types amongthe sufferers of otosclerosis.
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A TLL. Otosclerosis paradoxica.
Ly aaY

One is already familiar with the publications of Gray and
nOR eeros paradoxica, so called because the

  eect This Shatinbadis due to a vascular dilatation brought
utby external conditions. According to Gray it is not so rare
\ only‘carefully studies the anamnesis of the patients.

 

44 “Atfirst I thought this characteristic might be due to their dull ”
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I would add here a few cases out of my own practice:
1. There is that of the patient. already mentioned, who always

heard much better when she was in the mountains and was imme-
diately relieved of her troublesome tinnitus. I gave as an explanation
of this phenomenon thelack of oxygen as causing vascular
dilatation. 1)

2. There was a similar case of a man 45 years of age, suffering
from otosclerosis, who upon stepping out of the plane from Amster-
dam to Groningen was so delighted because, as he thought, his
hearing had suddenly become normal-again. After a few hours, how-
ever, it returned to the former level.

3. One of my patients underwent a minor nose operation in

an outpatients’ department elsewhere and upon his return home he
thought his hearing was quite normal again, but the next morning
there was no longer any sign of the improvement.

The very same evening after the operation subsequently performed
on this patient for otosclerosis there was a most remarkable improve-

ment in hearing. When during the post-operative treatment the
entrance to the auditory canal had closed up little I performed
a small plastic operation under local anaesthesia and filled up the
traumatic cayity with a tampon. In the evening the patient, who
was living in a hotel during the post-operative treatment, had to
leave the restaurant because he could not bear the noise; unfortun-

ately on both these occasions he did not inform me at once, so that
I was unable to take an audiogram, Thus each time this patient had

undergone an operation phenomena occurred which indicated oto-
sclerosis paradoxica.

Apparently each operation must have given a considerable stimu-

lus to his vasomotor system.
4. Then I would mention a sufferer from Seosalenous who

experienced a very marked improvement in hearing immediately

following the birth of her first child (to minutes after); within the
following weeks this improvement gradually disappeared. At her
second confinement five years later exactly the same phenomenon
occurred,

5. Mrs. H., 37 years old, had been attended by meat intervals
 

1) Sa andRee Halixbach der tie (oak
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during the last five years. She has been completely deaf in the left
ear since birth. There had been progressive deterioration in the right
ear for some years, while patient is also troubled with tinnitus in

the right ear. eo)

Examination 2nd July 1946: both tympanic membranesslightly
atrophic, auditory canal normal, no cerumen. Left ear inactive’in the

cochlea and the vestibular part of the labyrinth. Whispering heard
in the right ear at a distance of t metre. Bone conduction diminished,
Bi lower limit 256, Rinne positive, Weber lateralized to the right. Con-
__ sidering the positive Rinne test and the diminished bone conduction
— Thad always thought the patient was suffering from a progressive

‘ internal ear deafness on the right side. On 27th February 1947

patient informed me that three days before she had over-exerted
herself while bending down and pulling one of her boy’s clogs out
a of a frozen heap of snow. She felt a rush of blood to her head,
— became rather dizzy and suddenly was able to hear much better.

I then tested her hearing again: whispering was heard inthe right ear
at a distance of three metres, lower limit 128, Rinne +, Weber

 

be _ ; lateralized to the right. This improyement resembled so much that
. ¥ experiericed with otosclerosis that I wondered whether after all the
‘on patient might notbe afflicted with otosclerosis and not with labyrin-
hy thine deafness. I therefore applied the GrtLé test, which proved to be

negative. My opinion is that patient is probably suffering from an

: otosclerosis with strong degeneration of the acoustic nerve. This
__ again demonstrates the importance of the Gens test.
Bir Pigs. 38 and 39 show the audiograms for air and bone conduction

 __ taken on and July 1946 and 27th February 1947. On 1st March 1947
patient telephoned to say that her hearing had diminished again.

Another test and new audiogram showed the same picture as that

Which existed on 2nd July r946.
A The phenomenon of otosclerosis paradoxica is all the more remark-

able when considering that the fixation of the stapes does not change.
As M. Meyer also observed, the fixation of the stapes therefore

does not determine only the deafness in otosclerosis.

 

    
    
    
      

      

    

IV. Vasomotor symptoms in the tympanic membrane and
auditory canal,

Gray mentionsas one of the clinical symptoms found with oto-
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sclerosis the slight vascular reaction occurring when the tympanic
membrane is excited.
Hoimeren and Pryser carried out an extensive investigation into

the occurrence of reduced vascular reaction, diminished cerumen

secretion and reduced cough reflex. They arrived at the conclusion
that the older the case of otosclerosis the more pronouncedisthis trio

of symptoms. This agrees with what Frorscurrs found.
HoLMGrEN bases these three symptoms on what I consider to be

eet eee

—=|27t| F

 

— 27th Febr. 1947 Fig. 38. Fig. 39-
_ --- and July 1946

a fallacious assumption thatin otosclerosis the intralabyrinthine pres-

sure is increased. There is no reason whatever for assuming this to be
the case. In fact we see an acute improvement of hearing in oto-
sclerosis paradoxica, thus a sudden hyperaemia of the organ of

Be, hearing just when we might expect an increase of the intralabyrin-
thine pressure. According to Hotmeren’s theory the hearing should
then diminish. He comes to assume this intralabyrinthine pressure
because hearing improves when the fistula is opened and the peri-
lymph begins to flow. This, in my opinion however, is due to a
sudden improvement of the vasomotor reflex and, as Nastext also
remarks, to the fact that at that moment the perilymph is suddenly
mobilised. Hotmerenhas not furnished proof of this increased
pressure under these conditions.

In conneetion with this symptom the experiments conducted by
} 4 ny * \
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Brorcrtcann and TERRACOL, when performing peri-arterial sym-
_ pathectomy of the arteria carotis, found in their patients a hyper-
acusis in the case of hypotension of the labyrinth and a hypacusis in

a? the case of hypertension. Hypotension occurred in cases of yvaso-

traction in the labyrinth and hypertension in cases of vaso-
dilatation.
Owing to the increased intralabyrinthine pressure, according to

Hotmeren stapes fixation arises and this in turn leads to stapes
ankylosis. The result is fixation of the whole system of auditory

_ bones and immobility of the tympanic membrane. Immobilization of
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fr the processus brevis changes the supply to the tympanic membrane
___ and the wall of the external auditory canal in a reflectorie manner.
___ _Hotmeren takes it as a logical consequence of this that there should
‘et be diminished cerumen secretion, reduced sensitivity of the skin,

eal atrophy of the skin and dilation of the external auditory canal,

reduced cough reflex, diminished vasomotorreflex andthin, atrophic,
SS transparent tympanic membrane with reduced mobility or immobi-

lization of the processus brevis malleus.
____ Lempert and Wotrr carried out a pathological examination of the
auditory bones resected in fenestration operations and found changes
aethat are to be ascribed to defects in the blood supply.

Thuswe see that both Hormeren and Grayas well as Lempert
aaRead ‘Woter ascribe the symptoms of the tympanic membrane and
external auditory canal to vascular changes, though the first two
investigators mentioned assume these to be due to a different cause.

 

    

   

    
  
  

 

   
  
   
   

   

      

 

  A numberjofmy patients drew my particular attention because
otheir cases did not correspond to the descriptions of Houmcren and

EYSERane given. I will quote here briefly their histories and

.D. — aman of 48.
fness began at age of28, progressing up to 32nd year, then
ning. stationary. Never had any trouble from tinnitus. No

nessin the family,
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Examination:

Both tympanic membranes dull grey, opaque and apparently
thickened. Auditory canal on both sides normal width. Some cerumen
R. and L. Vascular reflex of both membranes apparently normal.
X-ray showed mastoid pneumatization. Whispering heard on both
sides ad concham. Weber not lateralized. Rinne negative both sides.
Lower limit both sides 256. Audiograms — see figs. 40 and 41.

 

 

 

 

 

 

 

 

 

 

  
  
 

 

 

 

 

 

 

  
 

 

 

    
 

                      
G. E. — a woman of 47.

Deafness set in at 20 and progressed up to 26, then becoming
stationary. In the last month sometrouble from tinnitus in the R.ear,
the first time since some years. Mother, two aunts and an uncle hard
of hearing.

Examination:

Both tympanic membranes somewhatretracted, dull grey, opaque.
Both auditory canals rather narrow; no cerumen. Vascular reflex

apparently normalon bothsides. X-ray showed good pneumatization
of mastoidsboth sides.

' Whispering heardboth sides at about 10 cm. Weber notlateralized.
Rinne negative both sides, Lower limit 256 both sides. Audiograms —
see.Eguapand 43: ‘
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Fig. 42. Fig. 43. x

M. C. S. — a woman of 39.

Deafness set in at 25 and after 30th year constant. Never had

_ trouble from tinnitus. Cousin, uncle and aunt hard of hearing.
Examination:
Both tympanic membranes normal, but not a very good light

reflex. Auditory canals of normal width, with some cerumen both

sides. Vascular reflexes apparently normal. No X-ray photos taken.

Whispering heard in R. ear at 50 cm and in L.ear at 2 metres. Weber

not lateralized, Rinne negative both sides. Lower dint 256 both sides.

Audiograms — seefigs. 44 and 45.    
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L. v. K. — a woman of 57.

Deafness set in at 30 and after 42nd year constant. No trouble
from tinnitus. Grandmother hard of hearing.

Examination:

Both tympanic membranes dull grey, opaque, apparently highaly,

thickened. Both auditory canals rather narrow; no cerumen. Vascular
reflexes apparently normal. X-ray showed well pneumatized mas-
toids. Whisperingaudible in R. ear ad concham. In L. ear only loud
speech ad concham. Weber notlateralized. Rinne negative both sides.

Lowerlimit L. 256, R. 128. Audiograms — see figs. 46 and 47.
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Fig. 46. . Fig. 47.

C. J. B. — a womanof 62.

Deafness set in at 24, constant since 36. Occasionally very slight
tinnitus in R. ear, Father, mother andsister hard of hearing.

Examination;
Both tympanic membranes dull grey, apparently thickened, not

transparent. Both auditory canals rather narrow, with some cerumen.

Vascular reflex good both sides. X-ray showed normal pneumatized

mastoids, Whispering ad concham in R, ear and at 25 cm in L.ear.

Weber laveralized to the R. Rinne negative both sides. Lower limit
R. 5 Audiograms—seefigs. 48 and49.

;
™
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See lt. aman of 56,
___ Deafness set in at 26, constant since go. No trouble from tinnitus.
Nodeafness in the family.
Ay Examination: =
c Tympanic membranes normal both sides, but slightly dull and
-_ unsatisfactory light reflex. Both auditory canals normal width and

containing some cerumen, Vascularreflex fairly good both sides. No

____ X-ray photos. Whispering audible in R. ear ad concham andin L. ear
at 10 om, Weber lateralized to R. Rinne negative both sides. Lower
i limit 512 both sides. Audiograms — see figs. 50 and si.
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What these patients have in common, therefore, is a deafness of

the middle ear type, with good pneumatization of the mastoids
(X-ray photos). We can therefore fairly safely rule out any adhesive
process of the middle ear. In my opinion they are cases of oto-
sclerosis where the auditory canals and tympanic membranes do not

give the same picture as usually found with otosclerosis. A symptom
common to all the patients is that their sense of hearing has remained
constant in recent years. If, therefore, we are to assume that the
atrophic symptoms. are due to vascular disorders following upon
a defective vasomotor reflex, then obviously in these patients the
retlex has been restored in some way or other. As a result the tym-
panic membranes and auditory canals have received a better blood
supply (good vascular reflex!), causing the atrophic symptoms to
disappear.

In none of the cases just described did I sée the patient in the
stage when the deafness was progressive. The question is, whether
in that stage there were indeed atrophic symptoms in the auditory

canal and tympanic membrane. Though of course I cannot proveit,
I presume this was the case, for the following reasons:

Since I first observed this phenomenon I have been devoting more
attention to these tympanic membrane symptoms and havecarefully
questioned my patients as to whether their deafness has been pro-
gressive or stationary in recent years. In the progressive cases I found
there were always atrophic disorders, whereas in the stationary cases
conditions were always practically normal.

In this connection I would again point out that Gray sometimes
found increased secretion of cerumen again among his cases of im-
proved hearing after tyroxin treatment.
Gray brought about in his otosclerosis patients a temporarily im-

proved hearing (about 2 min.) by means of inhalation of amylnitrite,
causing strong dilatation of the arteries. He says that all his oto-
sclerosis patients showed this phenomenon moreor less. I have tried
this experiment with amyl nitrite myself and since the results are of
importance in connection with the foregoing I mention them here.

It is not always easy to make an audiometric test after the in-
halation of amy! nitritebecause there is generally strong tinnitus and
some patients do notfeel at all well. I first experimented on 10 per-
sonswithnormalhearing and was unable to detect any improvement

sgt : aa. d ‘ i
‘il ile
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atall in any case. I had exactly the same results with 7 patients
suffering from internal ear deafness. Neither could I find any such

_ effect in every one of the otosclerosis patients.
amh Let us first classify the tympanic membrane and auditory canal
"Pictures, viz:

 

a ‘ : , ;ki ‘Type I Practically normal tympanic membrane, narrow auditory
i canal, possibly some cerumen.

Type I EOE atrophy of tympanic membrane and auditory
P cana

_ Type 111 Transparent atrophic tympanic membrane, wide atrophic
auditory canal.

Improvement of hearing after inhalation of amylnitrite:
nL 1

, ; None slight good (+ 1o6—15 decibels)
mee type I 4 ea © patients

_ Type IL I 6 2 :
_ Type lt eee 2 3 ‘

From this table it appears that the greatest improvement of hear-
‘ingoccurs with type III cases, thus where the process has been most

) progressive. ‘With type I, on the other hand, we find practically no
et improvement of hearing, and these are cases where the process has

beenstationary for a number of years.
I think the explanation of this is to be found in what has been

aidin the foregoing pages. In the cases of type III thereis a pro-
ounced defect in the vasomotorreflex, with a gradualtransition via
pe Il totype 1, where we have a vasomotorreflex almost normal,

thus a aynormal blood supply to the ear, as compared with
ast unsatisfactory supply in type III.
or the cases of type III I would classify the neve cells of the.

of hearing as follows:
_ those still functioning normally;
peewhose functions can be neo improved by better

hl
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Among the cases of type I wefind other conditions because there

the blood supply is functioning much better. There we have the true
stapes ankylosis and, further, only thecells of class a and d,the latter
haying become moribund in the period when the process was pro-
gressive and thus thepatient had a bad vasomotor reflex. Cells of
the classes b and c are absent or at most scarcely present owing, to

a good blood supply, and it is just these cells which in the experi-
ments with amyl nitrite bring about an improvement in hearing.
The stationary cases of otosclerosis are not directly to be con-

sidered for operative treatment. Should such a case be operated upon,
and given that the foregoing considerations are correct, then one
would hardly expect any improvement of hearing in the other car
after the operation.1)

I would recall in this connection the case of Mrs. H. described

under “Otosclerosis paradoxica” (case 5). As regards the conditions
of the tympanic membrane and auditory canal this patient belongs to

type II. During the time that her hearing showed improvement the

inhalation of amyl nitrite gave no further improvement. At the time
of the examination on 1st March 1947, when her hearing had again
diminished, amy] nitrite produced an improvement in hearing in the
speech zone from 6 to ro decibels. On 27th February 1947 there
was apparently a hyperaemia of the ear which had brought about |
a better functioning of the cells classified under b and ¢ — note also
the improved bone conduction. The vascular dilatation caused by ~
the inhalation of amyl nitrite had at that time no longer any effect
upon the already improved state of the nerve cells. On rst March,
however, the hyperaemia had apparently disappeared and the nerve
cells were again in a state as described under a, b, c and d; the in-
halation of amyl nitrite then did, indeed, have its effect and there

was a slight improvementin hearing.
The results attained in this case with amyl nitrite would seem

to support my theory. On 27th February 1947this patient showed
signs of a stronger vascular reflex of the tympanic membrane than
on 1st March.

1) Ax the time of going to press 1 am able to report having reeantly operated
eicceittiliy on the L, ear of Mrs. L, v, K, (see p. 53), There is, daveyen no

_ improven en 1 theR, gary which “goes to confirm my theory.
ile a)
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With stationary cases of otosclerosis tinnitus occurs sporadically.
Thisis quite comprehensible, because according to Gray tinnitus is

used by degeneration of the nerve cells. As we have just seen,
degenerated cells are hardly ever found to exist in stationary cases,
and this would therefore account for the sporadic occurrence of

_ tinnitus amongthese patients.

Ttis a known fact, as also reported by Nacer, that otosclerosis is

often slowly progressive. In many cases stationary periods alternate
_ with progressive periods, whilst in other cases there is a constant
‘stationary condition (NAcER found 60 such cases out of 1146),

From the foregoing I therefore draw the following conclusions:

. t. Otosclerosis is based upon a defective yasomotor reflex of the
_€ntire organ of hearing.

_-—-—s«-2«,:~=« This vasomotor reflex may sometimes be restored wholly or
_ partly, thereby rendering the deafness stationary.

ss 3. There is not, therefore, always a permanent defect in the
vasomotor reflex, as is concluded by Gray.

             

  

 

   

CONCERNING THE RESULT OF THE OPERATION.

There is a great improvement in hearing immediately after the
operation.
Hoimcren showed how this improvement took place directly

after opening the horizontal canal. As already remarked, he attribut-
ed the acute improvement in hearing for a large part to therelief
of the elevated intralabyrinthine pressure.
Katz holds the opinion that vascular defects play an important

role in otosclerosis. He believes that the immediate improvement in
hearing following the operation is due to a suction action set up by
the flow from the labyrinth; the greatly improved hearing could only
continue to exist so long as the perilymph is running.

In my opinion the acute improvement of hearing depends for

a large part upon vasomotor reflexes, the factors that count being
the following:

t. The perilymph, being mobilised again, forms a great stimulant
for the vasomotor system, because the sound waves are better able
to penetrate into the cochlea.

2. The post-operative hyperaemia resulting from the operative
trauma. This is illustrated in the case of the patient upon whom

I performed only antrotomy.
3. Possibly also of importanceis the effect of the histamine-like

substances (SHAMBAUGH) formed in the plastic flap during the first
four days following the operation.It is not unlikely that some of
these substances reach the labyrinth via the fistula and eer cause
hyperaemia.

CAMPBELL noticed, and I have found too, that the decided im-

provement in hearing obtained during the first few days usually
returns after cessation of the post-operative labyrinthitis in a less
degree. It is possible that this is due to the labyrinthitis, but it is
certain, too, that after a time important stimuli for the vasomotor
systemalso cease, namely the post-traumatic stimulus and that

 broughi about bytheaction ofthe histamine.

The f at yasomoto flexes er exercise a strong influence
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long after the operation has been proved in the examination of one
of my patients four months after the operation. In the dry operative

cavity was some cerumen that I had great difficulty in removing
owing to the hyperaesthesia in the cavity. The auditory canal of the
other ear howeyer was rather insensitive. Immediately the tympanic

membrane in the operative cavity was touched there was a strong
vascular reaction, whereas in the non-operated ear there was hardly
any reaction at all when the membrane was touched. I found the

same phenomenon to exist post-operatively in several patients. My
conclusion is, therefore, that the result of the operation depends not
only upon the mobilisation of the perilymph butalso for a large part
upon the better blood supply.
The following case will show that the post-operatively improved

vasomotor reflex may again be disturbed.
Six months ago I operated upon a patient (case No. 2) with excel-

lent results, andright to this very day she has a decidedly positive
fistula reaction. At the time of the operation she was not aware that
she was pregnant. Hearing is now somewhat reduced in both ears,

but in the operated ear less so than in the other (see figs, 52 and 53).
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7Ina case of otosclerosis the open fistula is apparently the best weapon
in“againstvasomotor defects in pregnancy.
_The frequent occurrence of aggravated deafness during pregnancy
‘inotosclerosis.cases is ascribed by Gray to theinfluence exercised

gro¢ 16909
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by the genital system upon the vasomotor system under these condi-
tions. The otosclerosis patient is more susceptible to such influences

because there is already a defect in the vasomotorreflex.

In this connection it is also interesting to note that RainiscH
brought about an improvement in hearing for a few days in cases

of different kinds of deafness by means of Pilocarpine injections.

This effect was noticeably reduced in the case of women during
menstruation.

Simson Hatt and Day found several cases among their patients

_ operated for otosclerosis where the hearing in the operated ear did-

not decline during pregnancy.

By what process does the patient hear after the operation?

_ As we have seen in the discussion on otosclerosis paradoxica, for
improved hearing in cases of otosclerosis it is not essential that the
perilymph should be mobilised. It is at least to be supposed that in
most cases of advanced otosclerosis the stapes will be fixed. In this
connection it is very remarkable that five months after the operation
Korerzky found in one ofhis patients that although the fistula was
closed the hearing wasstill good.

Does the patient, then, hear via the new fenestra? Whatis the part

played by the tympanic membrane and the round window?

In one of his first operations Hotmcren applied a fistula in the

superior vertical semicircular canal on the eminentia arcuata, thus
inside the cranial fossa. The result was satisfactory, though only of

short duration. In this case it can hardly be imagined that the sound

stimuli penetrated this new fenestra inside the cranial fossa. The most
obvious assumption, according to Tuxtio, is that these stimuli enter

via the round window.
Lempert and SHamBAUGH observed reduced hearing after the

operation when the tympanic membrane had been damaged, but as

soon as the tear had healed the hearing improved.
After laying a piece of cotton wool with sterilized vaseline on the

tympanic membranein the operative cavity I foundin several cases

a loss of 1o—r5 decibels in hearing.
In these last two examples it is a question, however, in how far

the functionof the round window was obstructed,

Is the tympanic membrane in communication with the applied
frobess Dove a=

i,
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fistula, and are the sound wayes communicated from the tympanic

membrane to the fistula via the plastic flap, as SHamBaucH and
‘Sourpiite believe to be the case? Opposed to this are the results

x obtained by Koperzxy. He very successfully applied a fistula in
anold dry radical cavity, where there was no tympanic membrane.
In another case, thar of an otosclerosis patient, where he applied
afistula but the plastic flap did not hold, the fistula remained open
and the result, as far as hearing was concerned, was very good. In

thesecases, therefore, there was a good improvement in hearing
~ without any communication between the fistula and the tympanic

_ membrane.
Several operations performed by Houimcren, where he covered

the fistula with Thiersch grafts, also yielded good results.

CampBELL reports as oneof his greatest successes a case where the
plastic flap was torn and laid loosely on thefistula.
Thus also in these cases there was no communication between the

* tympanic membraneandthefistula.
a What seems to be most probable is that the sound waves penetrate

. the round window and that the applied fistula serves as an expansion
outlet for the perilymph.

  

  

  

  

   

«I will briefly quote here the results reported by various operators.
Simson Hart considers his cases to be a success if there is an im-

provement in hearing of at least rs decibels. He has had most
_successes with young people: 80%/o under 19, 77 %/o between 19 and

“ahs 70%» between 24 and 29, 62% between 29 and 34, 61%/o
between 34 and 39, and above that about 50 "%o.

Lempert operated in rooo cases, of which 815 were diagnosed
beforethe operation as cases of otosclerosis. In 571 cases there was

such an improvement in hearing that they were socially and econo-
ically absolutely restored.

In 92 casesthere was partial improvement. In 18 cases there was
improvement whilst in 34 cases hearing was worse. Of 185 cases

otosclerosis showing reduced bone conduction, he achieved
good result in 39 cases, no improvement in 93 and reduced

 

  
  

   

  
   

ae

ment, whilst in 65 cases there was no improvement and 20 were
harder of hearing than before the operation.
SHAMBAUGH reports 88 %/o sugcessful cases with a gain averaging

28.9 decibels during 2 years or more.
Day performed 100 operations and found a very good improve-

ment in hearing in $0 cases.
SULLIVAN performed 299 operations. In 246 cases there was a very

good improvement, in 17 cases partial improvement, in 21 cases the
hearing was as before and in the other rs cases there was a loss
in hearing; all these operations had been performed more than a year
before.

GREENFIELD obtained in 21 cases, out of a total of 28, a good
improvement, in 4 cases fair improvement and in 1 case noneatall,
whilst one patient’s hearing was worse and anotherlost all sense of
hearing.
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INDICATIONS FOR THE OPERATION.

To arrive at a diagnosis in a case of otosclerosis, and thus also
to judge the indications for the operation, it is often necessary to
exclude the possibility of an adhesive process. The tympanic mem-
brane does not always give a sufficiently clear picture to be able to
decide this point, and for that reason it is advisable to make an X-ray
photograph. Where an adhesive process exists one usually finds
arrested pneumatization, whereas in the case of otosclerosis as a rule

there is good mastoid pneumatization.

SHAMBAUGH reports, for his successful cases, an average improve-

ment in hearing of 28.9 decibels, Lempert 24.3 decibels and

CampseEtt 21.9 decibels. Generally speaking, the result after success-
ful operations is such that the audiogram is roughly parallel to that

taken before the operation. Consequently it is possible to predict

roughly what the hearing is likely to be after the operation. Assum- |
ing for the moment that an improvement of 25 decibels is to be
expected in the speech zone, then it is obvious to assume that if
a patient registers a loss of hearing of the order of 50 decibels prior

to the operation this will be reduced to a level of about 25 decibels.

For all practical purposes this is worth more than operating on a case

to reduce the loss in hearing from a level of say 75 to one of

so decibels, for such a patient would still be unable to hear whisper-

ing at a distance of a few metres. Should this consideration, however,

constitute a reason for not operating? In my opinion an operation

should be worth while even in such relatively adverse cases. As an

instance I would mention my patient No. 7: loss in hearing in the

‘speech zoneprior to the operation was 70—90 decibels and after the

operation 35—55 decibels, thus a gain of more than 25 butstill

leaving a loss in hearing of more than 30 decibels. And yet this
patient is highly pleased with the result, as may be understood

considering that whereas before she could only hear loud speech

‘ faeponcho now she can hear whispering ata distance of IO cm}
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what her husband was saying, but now she can converse with him
without the hearing aid.

Admittedly such Bains will often ‘ell have need of a hearing
aid. As Day observes, this is disappointing for the patient and cannot

really be regarded as an operational success, and hebelieves, there-

fore, that such patients should not be operated. I, myself, however,
think otherwise, especially if the operation should prove to have
arrested the otosclerotic process.

CAWTHORNE does not operate in cases where the patient has pre-
viously had paracusis Willisii and can no longer manage with
a hearing aid because the perception ofsoundis distorted. This would
indicate a too severe lesion of the acoustic nerve. It happens that

my case No. 7 is a patient who had had paracusis Willisiz and could
not use a hearing aid owing to distortion of sound.
WaAtsH and Sitverman find improved bone conduction in success-

ful cases of fenestration operations, and for that reason do not attach
much value to bone conduction as an indication for the operation.
Lowy fixed the columella of pigeons by filling the external

auditory canal with bone wax, then making a fistula in the hori-

zontal semicircular canal, He found no difference in bone conduction

before and after the fenestration. In my opinion, however, an artifi-

cially created conductive deafness in a pigeon is not comparable with
otosclerosis and a defective vasomotor reflex in the humanbeing.

Lempert, in the beginning, did not think it worth while to operate
in cases wherethe loss in bone conduction in the speech zone amount-
ed to more than 30 decibels, but now he thinks otherwise. Bone
conduction is often improved after the operation, so that it does not
give a direct indication as to the condition of the acoustic nerve.

In this connection NasieLt remarks that a true stapes ankylosis may
give perception deafness. The same has been observed by MaRKmann,
Bexesy, Crows, Gump and SHampBaucn, Therefore the state of bone

conduction is not of such very great importance for the operation.

In regard to this I would once morecall attention to the case of my
patient No. 7, who showed a loss of 60 decibels for c4 in bone
conduction.’

In many cases the improved vasomotor reflex after the operation
is apparently capable of restoring for a large part the acoustic nerve
that hadseemingly lost its Function.
$
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66   Generally speaking, the operation yields the best results with
‘young people (see Srmson Hatt’s analysis of results according to age).

These are the cases where the loss of hearing is not usually so great

andthe acoustic nerve has not yet suffered any considerable degener-

ative changes.
4 The fact that improved hearing is possible in all cases of true

otosclerosis has been established in the first days after the operation,
aa when all my patients showed an improvement, even in those cases

where prior to the operation there was unsatisfactory bone conduc-

‘a tion. In my opinion, therefore, it is due to the still imperfect tech-

nique that this improvementin hearing is not maintained in all cases.

The operation means for the cochlea a large trauma, as is evident

from the post-operative reactions. It need cause no surprise that the

least satisfactory results are obtained in those cases where a severe

i- degeneration of the acoustic nerve is to be expected. The defective

nervecells will be less able to bear this trauma than the healthy cells.

r, Possible exceptions may be those cases where considerable struc-

tural changes have taken place in the cochlea as a result of the oto-

sclerotic process; but this is difficult to diagnose before the operation.

f Another point of importance for the indication and the prognosisis

the retardation of the otosclerotic process after the operation. Inter-

Byaption of the circulus vitiosus, which I described when dealing with
the improved hearing in the non-operated ear, is apparently a means

BGs arresting the process. Various operators arrive at the conclusion

that the operation arrests the otosclerotic process — I would mention

! here Lempert; Hotmcren, Sourpiie, G. Passe, FRASER and

i: -FREMEL, When operators with such vast experience as HOLMGREN,

_ Sourpi.te and Lempert express such an opinion then there is all the

“morereason to widen the scope of indications for the operation.

- Summarizing, we therefore find that:
. 1. the greatest successes are attained with young persons;

2, bone conduction is not a decisive criterion for the state of the

“acoustic nerve;
hy
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sea in successful cases bone conduction is improved after the

ravion,; :

presumably the operation arrests the process.
Beeats for the operation can only be extended if the
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that the other ear should never be operated until sufficient time has
elapsed to show whether the improvement in the operated ear is
permanent. It can never be justified, in my opinion, to perform the
operation on both sides at once, because there is alwaysthe possibility
that instead of an improvement there may be an aggravation or even
a total loss of hearingafter the operation. Fortunately the number of
such cases is wery small. Anyhow the patient should be told in
advance of the possible favourable or adverse consequences of the
operation. Another point to be considered is whether in a particular
case there is any benefit in using a hearing aid or whetherit has its
disadvantages.



* NEW METHOD OF TREATMENT.

-__ Onthe grounds of pathological changes in the bone, Nacer and
__M. Meyer conclude that otosclerosis is to be counted among the

osteodistrophia fibrosa. Its aetiology, however, is not clear to them.
__Nacerbelieves that inflammation in the vascular wall may be the
cause of the bone changes taking place in otosclerosis.

an Witrmaack is inclined to ascribe the cause to a congestion and

__ maybe even a back-flow of the blood in the veins of the ear. He

Le believes to have established this from experiments with fowls.
From what has been stated in the foregoing pages, however, there

—_ seems no doubt that vasomotor changes must play a part. In a certain
sense this is in agreement with the opinions of Witrmaack and
mie Nacer, for they, too, seek the cause in changes in the blood supply.
v In view of the defect in the vasomotor reflex I am inclined to place

otosclerosis in the same group of diseases as the disease of BUERGER

and that of Raynaup, thus among the group of peripheral vascular

yi diseases.
y Consequently the therapy for otosclerosis should be analogous to

an that applied for the peripheral vascular diseases just mentioned. The

D object, therefore, is to bring about a permanent hyperaemiaof the

__ organ ofhearing.
a I will briefly review the arterial blood supply system and the

vegetative nervous system.

Arterial blood supply system.

-_--‘The cartilaginous part of the external auditory canal is supplied
bythe arteria temporalis superficialis and the arteria auricularis pos-
terior.The bony part of the external auditory canal is supplied by

ye3 the arteria tympanica and the arteria auricularis profunda,the latter
beinga branchof the arteria maxillaris interna.

The middle ear is fed by the arteria stylomastoidea (a branch of

the arteria auricularis posterior), the arteria tympanica (a branch of

the arteria maxillaris interna), a branch of the arteria meningea

media, the arteria pharyngea (a branch of the arteria carotis externa)

and the arteria carotico-tympanica (a branch of the arteria carotis
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The bony cochlea is fed by some branches of the artcria stylomas-
toidea and some anastomotic vessels leading from the cavum tympani

to the vestibulum through the intermediate wall.
The membranous labyrinth is supplied by the arteria auditiva

interna, a branch of the arteria basilaris, reaching the internal ear
yia the internal auditory canal, at the bottom of which it splits up
into some 20 branches passing through the apertures of the tractus
spinalis forminosus into the modeolus.

The vegetative nervous system of the organ of hearing.

The cervical sympathicus consists of three ganglia: the ganglion
cervicale superior, the ganglion cervicale mediale and the ganglion

cervicale inferior or stellatum,
From the ganglion stellatum there extend the sympathic fibres for ©

the plexus brachialis and a number of vascular branches, the most

important of which is the one leading to the arteria vertebralis. The
fibres which together with the two arteriae vertebralis penetrate into
the cranial fossa join up around the arteria basilaris. From there fibres
lead to the two labyrinths. ‘
From the ganglion cervicale superior sympathic fibres lead to the

arteria carotis communis. Together with the artcria carotis interna,
these sympathic fibres penetrate into the cranial fossa. The fibres
of these two arteriae carotis converge in a plexus around the circulus
arteriosus Willisii. This sympathic plexus joins up with that of the

arteria basilaris.
From the plexus around the arteria carotis interna the nervus

carotico-tympanicus leads through the front wall of the tympanic
cavity to the promontorium, where it communicates with the nervus

Jacobsoni and a branch of the nervus Vidianus and also branches
leading to the third, fourth and sixth brain nerves.

The sympathic nerve plexus on the promontorium is called the
plexus tympanicus. Sympathic fibres from this plexus supply the
vessels of the middle ear.
Parasympathic fibres for the organ of hearing probably run in the

nervus acusticus (Racine).

As regards the surgical treatment ofthe peripheral vascular defects

(diseages ©of Raynand and Buerger), periarterial sympathectomy and

Ni . ;
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  remoyal of the sympathic ganglia are indicated for vasodilatation.

In order to bring about hyperaemia of the organ of hearing it is
' therefore necessary to remove the cervical ganglia or to perform

___ 4 periarterial sympathectomy of the arteria carotis.
_ These operations have already been performed and described, but

not with the object of improving the hearing in cases of otosclerosis.

- LANNoIs examined patients who had been operated by JasauLey
or for Basedow’s disease and by whom the ganglion cervicale’ superior

a had been removed. He found on the operated side hyperaemia of the
a tympanic membrane and hyperacusis.

; In 1924 RuparscHow resected the ganglion stellatum on the left
side of a patient with otosclerosis because of severe tinnitus, The

tinnitus disappeared temporarily and there was even a perceptible

improvement of hearing on the operated side. The reason why the
o r success of that operation was only of a temporary nature is probably

that the sympathic fibres on the other side took over the function

oe from the operated side via the plexus around the circulus arteriosus
) Willisi.

_ According to MonTANDON extirpation of the ganglion cervicale
inferior has the following results:
By 1. disappearance of the pilomotor reflexes of head, neck, upper

half of the thorax and arm;

yr _ 2, suppressed perspiration in the same part of the body;
oa 3. a Claude Bernard—Horner syndrome of shorter duration than
__ when the ganglion cervicale superior is extirpated;

4. Vasomotor symptomsin four phases:
a, yasoconstriction, the first one or two hours after the operation;
b hyperaemia of face, ears, mucous membrane of the nose and:

_ conjunctiva, and hyperthermia of one half of the face due to para-
a Aysis of the vasoconstrictors, this phase lasting several weeks;
a ¢ aphase of latent compensation, where the symptoms can be

teyivedby a cold or warm stimulus, with a stronger reaction on the

operated side;

qd,a final phase where the vasomotorreflexes in the respective
, nm are suppressed by remote stimuli.

cision of the ganglion cervicale superior results in the following:
resting of the perspirative and pilomotor reactions of head and
a Claude Bernard—Horner syndrome and a pronounced. vaso-
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dilatation of the face, conjunctiva, ear, mucous membranes of the

nose and mouth, the meninges and the cortex ceribri. On the para-

lysed side these symptoms ultimately become latent, whilst the eye

symptoms diminish.

PorTMANN and TrrRacot performed periarterial sympathectomy.

of the arteria carotis and came to the following conclusions in regard

to the organ of hearing: Periarterial sympathectomy of the arteria

carotis communis yields an improvement in hearing on the operated

side, hyperaemia of the tympanic membrane and a hypotension of

the inner ear with reduced irritability of the vestibular organ.

(According to them, vegetative hypertonia and hypertension of the

inner ear cause hyper-irritabiliry of the vestibular organ and

hypacusis.)

Periarterial sympathectomy of the arteria carotis communis and

of the arteria carotis externa brings about a still more pronounced

hyperaemia.

Periarterial sympathectomy of the arteria carotis interna produces

less hyperaemia in the middle ear, but on the other hand the gain in

hearing and the vestibular symptoms are the same.

PoRIMANN, in cooperation with Desrpons and Matsonope, per-

formed operations on the cervical ganglia of patients affected

with vestibular defects. They arrived at the same conclusion as

MonTANDon and foundalso hyperacusis andreduced irritability of

the labyrinth on the operated side; in these cases of sympathectomy

on one side the two symptoms last mentioned lasted about fifteen

days.

In my opinion, in order to produce a prolonged hyperaemia of the

organ of hearing it is desirable to perform sympathectomy on both

sides. The fact that the labyrinth is innervated by the vegetative

system on both sides seems to me to be borne out by the results

_ obtained by Porrmann and Terracot. The hyperacusis lasted only

about fourteen days and in cases of one-sided periarterial sympathec-

tomy Portmann found reduced irritability of both labyrinths,

though more pronounced on the operated side. These two phenomena

can very well be explained by the bilateral innervation.

If, as we havé seen, hyperacusis occurs with persons of normal

hearing, then we can certainly expect an improvementin hearing of

otosclerosis patients when the cervical sympathicus is treated bilater-
ow
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Re ally. Both Gray’s experiments and mine with amyl nitrite haye
” proved that owing to the creation of hyperaemia in the organ of

\ hearing a more pronounced improvementis obtained with otosclerosis
eS patients than with normal persons or patients with labyrinthine

deafness.
A drawback attaching to the removal of the cervical ganglia is the

occurrence of the Claude Bernard-Horner syndrome, butthis treat-
ment should nevertheless be considered, because fenestration, though

technically a very neat operation, involves much mutilation of the
: organ of hearing and there is always some risk for the patient as

____tegards his sense of hearing.
Good results may be attainable also with other treatments applied

for peripheral vascular diseases, such as the intrayenous injection of
hypertonic saline solutions (Bax) or typhoid vaccine.

" We have seen that the sympathic fibres for the arteries of the
+ middle ear and the bony capsule of the cochlea converge in the plexus
a tympanicus on the promontorium. The severance of these sympathic
a fibres will therefore result in a dilatation of the arteries supplying

_____ blood to the bony labyrinth through their branches. Consequently
any improvementin hearing is hardly to be expected by this means.
Vascular communications between the middle ear and the cochlea
are very few in number, so that this treatment is not likely to bring

___ about hyperaemia in the cochlea. What we can hope for is that no
further structural changes will take place in the bony labyrinth, and
if this treatment is applied in the early stages it might perhaps
__ Prevent further fixation of the stapes. :

: pared with sympathectomy lies in the local hyperaemia, in contrast
with the hyperaemia of the entire head with the Claude Bernard-
__ Horner syndrome. Moreover, the latter operation has to be per-

formed bilaterally if any success is to be attained.
____ Resection of the plexus on the promontorium is a very small

_ Operation but it has the disadvantage that it does not lead to dila-
tation of the arteria auditiva interna. The techniqueof this treatment
is not so difficult ahdcan best be performed under a light narcosis.

inthas already applied this treatment and described the tech-
¢calls it the “tympano-sympathectomy”. This, however, he
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applied in cases of various kinds of deafness where there was trouble
from tinnitus, because he believes that the cause of tinnitus is an in-

flammationin the plexus tympanicus. After sterilization of the
auditory canal an incision is made in the skin of the auditory canal
at a distance of about 2 mm parallel to the lower half of the tym-

panic membrane. The skin is then lifted with a fine raspatory down
to the tympanic membrane and the annulus tympanicus is loosened.
The lower half of the tympanic membraneis then folded back up-
wards, exposing the plexus tympanicus, which is clearly visible under
magnifying glasses. The plexus tympanicus is then resected with
a fine raspatory and the tympanic membrane replaced in its original
position. The auditory canal is loosely plugged. Should the auditory
canal appear to be too narrow for a large ear speculum it can be
enlarged at the beginning of the operation by making an incisionin
the soft parts of the upper wall.

I have applied this treatment to some patients but the hearing
remained the same in all cases; the tympanic membrane healed
withoutany infection.

It is not yet possible to judge the results of this treatment.

 

   



SUMMARY.

After a review of the literature on the operative treatment of
otosclerosis, a description is given of the technique of the operation,

the instrumentarium required, the post-operative treatment and the
post-operative complications.
_As part of the instrumentarium, a combined stiction and flushing

ae apparatus is described which may be very useful also for other ear
rfi ; operations.

An account is given of twelve operational cases and the results
___ thereof several months after the operation.

By means of audiograms it is demonstrated that thereis a slight q
improvement in hearing also in the non-operated ear. This is ex-
i plained with the help of Gray’s theory. The gain in hearing probably
AY. arises from improved blood supply due to a stimulation of the vaso-
ioe. motorreflex. In most cases there was evidence of a stronger vascular
reflex of the tympanic membrane of the non-operated ear.
Amumber of cases of otosclerosis paradoxica are described, in one

of which it was possible to take a detailed audiometric recording.
;
had not been progressive in recent years. These patients were found
to have a good vascular reflex of the tympanic membrane, whilst

there were no symptoms of atrophy of the auditory canal or the

tympanic membrane, such as is found with cases of progressive oto-
sclerosis. This would indicate that in some cases of otosclerosis it is

apparently possible that the vasomotor reflex is wholly or partly
_ restored, so that the deafness becomes stationary.
The immediate results of the operation and the indications are

Beeecisted:
‘Finally the possibilityis considered of improving the perception of

sound by means of hyperaemia of the organ of hearing, such in view
ofthe important part apparently played by vasomotor defects in
otosclerosis. In connection herewith, the various operations per-
formed’on the cervical sympathicus are discussed.
gat st
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it The histories are given of a number of cases where the otosclerosis - .

SAMENVATTING.

Naeen literatuuroyerzicht der otosclerose-operatie, volgt de be-
schrijving van de techniek hiervan, het benoodigde instrumentarium,

de nabehandeling en de postoperatieve complicaties.
Bij het instrumentarium wordt een zuig- en spoel-apparaat be-

schreven, dat ook bij andere ooroperaties van groot nut kan zijn.
Twaalf operatie-gevallen worden beschreven met vermelding van

de resultaten enkele maanden na de operatie.
Met audiogrammen wordt aangetoond, dat ook in het niet-geope-

reerde oor een lichte verbetering van het gehoor optreedt. Dit ver-
schynsel wordt verklaard met behulp van de theorie van Gray. De
verbetering van het gehoor berust waarschijnlijk op een betere bloed-
yoorziening tengevolge van een versterkte vasomotorische reflex, Een
verbeterde vaatreflex van het trommelvlies van het niet-geopereerde
oor kon in de meeste gevallen worden vastgesteld.
Een aantal gevallen van otosclerosis paradoxus wordt beschreven,

waarbij in één geval het gehoor nauwkeurig kon worden opgenomen.

Een aantal patienten wordt beschreven, waarbij de otosclerose de
laatste jaren geen progressief verloop had gehad. Bij hen werd cen
goede vaatreflex van het trommelvlies gevonden, terwijl geen
atrophie van de gehoorgang of het trommelvlieswerd waargenomen,
in tegenstelling met de progressieve geyallen van otosclerose. Dit zou
er op wijzen, dat het defect in de vasomotorische reflex bij oto-
sclerose (Gray) zich in sommige gevallen blijkbaar geheel of gedeelte-
lijk kan herstellen, waardoor de doofheid dus stationnair blijft.

Hetdirecte resultaat der operatie en de indicatie wordt besproken.
' Aan het slot wordt overwogen, om in verband met de vasomoto-
rische stoornissen, die blijkbaar een groote rol spelen bij de oto-
sclerose, door middel van een hyperaemie van het gehoororgaan cen

verbetering van het gehoor te verkrijgen. In verband hiermede
worden de verschillende ingrepen aan de halssympathicus beschreven.



   ———. _Nitison’s Loose Leaf Surgery.
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Ii.

vriye verkoop van gehoorapparaten dient verboden te worden.

TY.

Bij de vroegebelasting na operatieve behandeling van de fractura
colli femoris, is het gewenscht de breede pen volgens FELsENREICH
te gebruiken,

Vv.

Bij de fenestratie-operatie biedt de endaurale methode geen voor-
deelen boven de postaurale methode.

VI.

Wanneer cen hacmorrhagische diathese een gevolg is van een
essentiee

   

of aanleiding geeft totlevensgevaarlijkebloedingen, is miltexstirpatie
de eenigejuistetherapie.

VIL.

aire anaemicén,, dieoegaan meteetaf-

‘le idiopathische thrombocytopenie, die niet spontaan geneest
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ilepsieis geen ziekte-eenheid, docheen syndroom.

x a et walt Tug a '
a naschedeltraumata, bestaat geencorrelatie

tusschen demate vanliquoryerandering en de ernst van het orga-
_nisch-psychischsyndroom.
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