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THE SQUEEZE, THE EAR AND PREVENTI ON
Noel Roydhouse, ChM Auckl and

As it is only a short tinme since water sports have becone popul ar, and then only on
apart-time basis, the hunan ear i s not now, nor will it ever be, suited for prol onged
imersion in water. There are various ear disorders peculiar to scuba diving and
t hey occur in each of the three parts of the ear: the outer, the middle and the inner
ear. "Squeeze" is a termused by divers, being their nanme for barotrauma, derived
fromthe pressure squeezing the affected part and the "Reverse Squeeze" by pressure
of expandi ng gas.

Quter Ear Squeeze or "Reverse Ear"

Qut er ear squeeze (Figure 1) isasimlar conditiontothe squeeze of the m ddl e ear,
results in damage to the skin of the outer ear canal and requires pressure changes
of 20-50 feet. The outer opening of the ear canal becomes obstructed by the pliable
rubber hood, and as the air pressure in the outer ear canal does not equalise with
wat er pressure, a negative pressure develops inrelationtothe surrounding pressure
and to the nmiddl e ear which has been pressurised by auto-inflation. This negative
pressure, when sufficiently great, results in
rupture of blood vessels, haenorrhages under the
skin, blood blisters and rupture of these. To
prevent it, it is reasonable to cut a snall holein
t he hood over the ear to let in water and this does
i mprove underwat er hearing and sone people claim
aninprovenent intheir abilitytoclear their ears.
The diagnosis is nade fromthe history - ear pain et 3
not relieved by inflating the niddle ear and o o Rmtureﬁ-
bl eedi ng fromt he ear. Exanmi nation shows a tattered o g?] P 00d blister?
ear canal and after cleaning no hearing | oss. The ot Neopr ene hood
early treatnment is as for aruptured ear drum- keep
dry, antibiotic powder, and then cleaning in ten
days to inspect for residual danmege

Wat er pressure

M ddl e Ear Disorders

. . . Fig. 1 "Reverse Ear" or
An abscess in the nmiddle ear is not very conmon, outer Ear Squeeze. The
bei ng caused by infection in the nose as a result Eust achi an t be i s open but t he
of excessive nasal congestionduetotheirritation ear canal i s bl ocked, produci ng

in the nose of sea water, the entry of which is
prevented by the face mask. The infection then
spreads up the Eustachian tube to the niddle ear
It is commoner in social surface swimers because they allow water into the nose,
but it is rare in trained swimrers because of their breathing technique.

| ow pressure in this canal

The eardrumruptures due t o poor mi ddl e ear pressure equal i sation on descent, 9 cases
(Figure 2),when the rupture is inward or on ascent, 4 cases(Figure 3),due to
congestion of the Eustachi an tube preventing air escape fromthe ni ddl e ear when t he
drumruptures outwards. Prevention is dependent on a healthy nose and the ability
toclear the ears. Inonly two cases did vertigo occur as aresult of the cold water
gai ning entrance to the mnmiddle ear

Aur al barotrauma or pressure danmage to the ear of a |l esser extent involving earache
or pain and bl eeding into the eardrumespecially on the handl e of the mall eus where
it can frequently be seen in scuba divers, illustrate the conmon occurrence of ear
troubles all due to defective function of the Eustachian tube. The Eustachian
dysfunction also plays a najor part in the inner ear disorders.
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I nner Ear Di sorders

Inthe distinction between vertigo and di zzi ness, bot h of which are synptons and not
di sease entities, vertigo denotes a hallucinatory state of novenent, not restricted
to the sensation of rotation but al so when obj ects withinthe visual fields are noving
rapidly fromside to side or up and down.

Al ternobaric vertigo which occurs when ascending i s due to the expansion of the air
in the middle ear (Figure 3) as the surrounding or anbient pressure decreases.
Nornal | y t he Eust achi an tube opens passively all owi ng out the excess air on ascent,
but when the tube is congested there has to be a greater differential pressure to
force openthe sem -bl ocked tube. As this pressurerisesthe eardrumrarely ruptures,
but in those cases whose eardruns remain intact, vertigo can occur.

Because sone cases devel op a vertical novenent of the eyes up and down, such that
obj ects seemto nove up and down and it i s probabl e that the footplate of the stapes,
which is normally only 2 nmfromthe utricle of the bal anci ng apparatus, stinulates
this directly. It has been shown that stinulation
of part of the bal anci ng appar atus causes novenent
of the eyes up and down and so the diver sees
obj ects novi ng up and down, the "shi mer effect"”.
In those cases in which a rotary vertigo occurs,
thisis dueto greater stimulation affecting other
parts of the of the bal anci ng apparatus causing a ,
hori zontal novenent of the eyes resulting in a airat §
feeling of rotation or spinning. The directional pressure |
response in these cases of vertigois inportant in
deci di ng whet her or not the Round W ndow nmenbr ane
i s ruptured.

-: ! u!er ear canal
¢ Jur at water pressure

Rupt ur e of t he Round W ndow nmenbr ane occur s t hr ough

forceful and prol onged i nflation of the mi ddl e ear Fi gure 2: The Eustachi an t ube
in an attenpt to overcone the relative negative i s | ocked cl osed, because the
m ddl e ear pressure as aresult of descent. If this wat er pressureis greater than
inflationis del ayed, greater pressureis required t he muscl e openi ng power.

to overcone the pressure differential of descent.

Forceful prolonged attenpts to inflate the m ddl e ear causes high pressure inside
t he chest cage, preventing the bl ood drai ni ng down the neck fromentering the chest.
This causes arise in the jugular vein and other venous pressures in the neck, then
i nsi de t he head, causi ng decreased absor ption of the cerebro-spinal fluid(CSF) which
surrounds the brain and spinal cord. There is a tent-like prolongation of the
subar achnoi d space containing the CSFintothe inferior surface of the tenporal bone
form ng a tube of varying size, the Aqueduct of the cochlea, joining the CSF around
the brain to the inner ear whichis inthe mddle of the tenporal bone. This tube's
i nner opening is just adjacent to the thin Round W ndow menbr ane whi ch separates the
i nner ear fromthe mddle ear.

If the CSF pressure rises high enough, there can occur a rupture formng a hole in
this 3 mm Round W ndow nenbrane with | oss of inner ear fluid into the nmddle ear and
this can continue after the CSF pressure drops. Sudden deaf ness and vari abl e vertigo
or | oss of bal ance devel ops. This nmenbrane can be repaired by surgery and if it is
carried out within 2 weeks of the incident, normal hearing results. Nowthat it is
a recogni sed conditionit is being di agnosed nore often but many doct ors and surgeons
still do not bear this condition in nmnd when dealing with scuba divers.
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It can be seen that many of the ear
di sorders areadirect result of mal function
of the Eustachi antube either duetofaulty
techniqueinclearingor inflatingtheear,
or due to athickening or congestion of the
nmucous nenbrane i ning the tube (Table 1).
It is incunbent on the diver to have a
heal thy nose, not to lie flat as in sun
bathing, and to refrain from al coholic
beverages prior to diving.

Nasal congestionis acomon occurrence and
undoubtedly l eads to difficulty in opening
t he Eust achi an tube. In 43 of the patients
treated for ear disorders arising from
scuba diving, the treatnent ained at

cl earing nasal congestion (Table2) relieved
their disorders.

Congestion g
pressure §

Figure 3. The "Reverse Squeeze". In
ascent with the Eustachi an tube bl ocked
t he expandi ng ai r pushes out t he eardrum
whi ch may rupture but if not, the stapes
(stirrup) bone is pushed intothe mddle
ear where it irritates the bal ancing
appar at us.

Table 1

Causes of Tubal

Primary nasal congestion
Venous congestion of posture

Congesti on
Al cohol
Sni ffing

Table 2

Causes of Nasal

The commmon cold
"Si nus" trouble
Devi at ed nasal

Congesti on
Allergic rhinitis
Sinusitis - with pus
Adenoi ds

sept um

Val sal va' s Manoeuvr e

Val salva in 1704 published the first nethod of getting air up the Eustachian tube,
describing it as part of treatnent for the discharging ear. Hold on to the nose,
nmout h cl osed and bl ow hard down t he nose and air may go up the Eustachian tube into
the m ddl e ear. However, this procedure, if prolonged, can have sone adverse effects
dependi ng on various individual characteristics.

It is said that fainting can occur, but nore inportantly this is the nethod for
rupturingthe Round W ndow menbr ane as al ready descri bed. That it i s not as dangerous
as some witers described is borne out by the fact that this nethod is the standard
procedure for thousands of scuba divers throughout the world and very few ever cause
damage to their ear.

Eust achi an Tube Bl ockage

This inturn may be due to two factors: (a) Functional, or faulty techni que and (b)
i ncreased thickness or congestion of the |ining of the tube.

Techni que covers the fundamental details as to howthe Eustachi an tube opens. That
Val sal va' s Manoeuvre works in the majority of divers seens agai nst the rul es anyway.
Fromthe Figure 2 it is clearly seen that as the pressure is raised it will cause
i ncreased cl osure of the i nner end of the Eustachi antube whichis nostly soft tissue,
projecting up to 2 cminto the throat at the back of the nose where it can be seen
with a mrror.
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The valvular mechanism displayed here is
t heref ore nore conpl ex than this di agramand
is illustrated with Figure 4. Val sal va's
manoeuvre will occur if the first part of the
Eust achi an tube i s opened and the air pressure
wi |l then be ableto force openthe second part
of the tube. Unless a personinadvertently or
unknowi ngly or inknow ngly has the inner end
partly open, Valsalva's manoeuvre will fail.

EUSTACHIAN TUBE ../

Howt hento set t his nuscl e going soastoclear
the ears?
Figure 4 Before Valsalva's
Frenzel Manoeuvre manoeuvre will work the inner end
of the Eustachian tube nust be
This was studied by the Germans before the partially opened.
Second World War in their dive bonber pilots
who hadtoinflatetheir ears as t hey descended
rapidly. Herman Frenzel describedin 1938 a manoeuvre to i nfl ate t he Eustachi an t ube
wi t hout having to use the pressure effect of the lungs. Wth the vocal cords cl osed,
the air in the nasopharynx i s suddenly conpressed by forcing the base of the tongue
and t he pal ate agai nst the posterior wall of the nasopharynx. To performthis, one
takes a light inspiration and bl ocks the glottis suddenly as if about tolift a heavy
wei ght, pinch the nostrils and start to nake the sound "K' which rises the base of
t he tongue and nmekes it go back against the soft palate which then forces the air
into the Eustachian tube. This positionis sinmlar to the beginning of a swallow
and i f performed correctly one feels the pressure on the nose which is pinched, and
t he sensation of fullness inthe ear. The nmouth may be open or shut. Thi s manoeuvre
is conpletely independent of respiration and has no effect on the air below the
glottis. Thereis alsonoeffect onthereturn of bl ood causi ng bl ood pressure changes
or any likelihood of Round W ndow rupt ure.

The Vol unt ary Tubal Qpeni ng has been descri bed by French di vers and consi sts of trick
novenents of nmnuscles around the Eustachian tube. By obtaining a controlled
contraction of the soft palate and of the upper throat nmuscles a force capabl e of
overcom ng the normal el asticity closingthe Eustachi an tube is obtained and the tube
opens and a patent canal is present for equalisation of the air pressure between the
back of the nose and the niddle ear.

You have to be able to activate these nuscl es and reproduce the sanme feelings in the
upper neck or behind the jaws as when the ears clear by other nethods. To nmake it
easi er toreproduce these sensations onecanlookinamrror withlight froma w ndow
and viewthe soft pal ate and back of the tongue, the scuba diver is asked to try and
nmmc these novenents hinself while [ooking in a mrror.

In fact whet her or not a person succeeds in hol di ng the Eustachi an tube open he does
learn to activate the nmuscles which tend to open up the tube so that an increase in
pressure in the nose or throat finishes off the opening and this enables clearing
of the ears to be performed with | ess pressure frombl owi ng. Many divers bl ow down
t he bl ocked nose then wiggle their jawabout until the ears clear and they are then
trying out all the various nuscles inthat regionuntil the correct oneis activated.
From what has been said if they were to find out what particular novenent is the
necessary one, then instead of aimessly wiggling the jaws about they should go
direct for that novenent which opens the tube. The npst inportant advice is that
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all divers shouldinflate their ears before | eaving the surface to gi ve thema hi gher
pressure inthe niddl e ear to reverse the effect of the squeeze and giving themtinme
to get stabilisedunder thewater beforeinflationisrequiredagain. The diver should
then be continually inflating his ears every 2 or 3 feet of descent by what ever net hod
he has found to suit hinself.

As mentioned at the begi nning, the human ear is not now, nor will it ever be suited
for prol onged i mrersi on under t he water. However, if the proper precautions aretaken
to mnimse the effects of the water on the ear and the nose, it should be possible
to make any person's nose and ear suitable for scuba diving.

* *x * *x * % *x % *x * *x * * *x *

Whal es: not Haenophilia but an adaptation for deep diving

Al t hough cet aceans appear to have prol onged bl ood-clotting times this does not nmean
t hat t hey are haenophiliacs. |In soneinstances it has been shown that certain bl ood-
clotting factors are absent inthe bl ood of whal es, but this does not appear to affect
the clotting in nornal wounds or tissue damage. However, clotting within the bl ood
vessels may be affected. This decrease in intravascular clotting would be
advant ageous to deep-diving aninmals such as whales for two reasons. First,
di ssemi nated intravascular coagulation is a mjor factor in severe cases of
deconpressi on sickness in man, so the |ack of such coagul ation could hel p prevent
deconpressi on sickness in whales. Second, acidic blood in man i s hypercoaguabl e.
After a long dive, a cetacean's blood is nore acidic due to increased carbon oxide
content. Lack of coagulating factors may help keep the blood nore fluid. In
concl usi on, whal es have a highly evolved circul atory systemadapted to their deep-
diving way of life. They are not, however, haenophiliacs.

( Reproduced from SEA SECRETS, Vol 20, No 5, 1976
by courtesy of the International CQceanographi c Foundation.)

Parrot fever from Cl ans

Aresearch teamfromthe Smthsonian I nstitution and Maryl and Department of Natural
Resources has been | ooking at marine ani nal di seases by studying the gut contents
of Chesapeake clans and oysters under the high nmagnification of an electron
m croscope. They find shellfish infested with a variety of phages and nicrobes,
i ncluding sone that resenbl e the chlamydia of psittacosis, the disease of parrots
that al so infects humans. Thus, they suggest, clans may transmt this disease to
humans who eat raw cl ans.

Sea Technol ogy, June 1977

Are the days of deadliness of the shy bl ue-ringed octopus nunbered? There i s enough
venomin the adult’s two tiny sacs to kill 10 people. But now Macquarie University
reports that a five-nenber research teamhas di scovered the chem cal make-up of the
mainlethal toxininthe venom It isidentical tothe known conpound, tetrodotoxin,
present in toad fish, sone newts and frogs. Now what is needed is the antidote.

Sydney Mbrning Heral d, 19 Nov 1977
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