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AN OCCUPATIONAT, DISHASK.

While acting as assistant to the London County Council Medical
Officer to the Blackwall Tnunel I had somewhat exceptional oppor-
tunities of studying the symptoms resulting from working in com-

pressed air. These symptoms have usually been grouped together

and christened “Caisson Disease. The name of al illness should

at least recall either some characteristic feature of the sy%g;gaéf 

toms or some common factor in its causation. The term "

caisSon‘
diseaée“'does neither,and moreover it is something of a misnoﬁef
to disignate these accidents as a "disease.” A caisson is a
cylindér and is used for the formation of the piers of bridges
etc. and may be employed for convenience sake in making tunnels,
it however.forms no essential part of a tunnel and need not nec-
essarily be used at all. | Even when used the compressed air is
not necessarily in'the’caiéson: it may be only in the tunnel it-z

self.  The.caisson has nothing more to do with the production

of the illness than has pheVIift by which it may be approached.




It would be quite as well and equélly as misleading to talk:
of a "tunnel disease" such a term in addition to being meaning-

less is not co-extensive with compressed air illness.

‘The illnesses of divers should be included and it is possible.




b
that in the future some nev industrial of other occupation may be
associated with similar conditions and similar mishaps.
AETIOLOGY.
The causation of this illness is by no nmeans as simple and un-
cdmplicated as we might anticipate it -would be,Among the factors
which influence its incidence the following three must be placed

foremost:-

1. The pressure itself. - The higher the pressure the larsger
the amount of illness caused. This is not only what has always

been obsefved, but what we should expect would be the case; it
is so'much of a truism that it is unnecessary to give figures.
in support of this relationship.

2. The lengsth of stay in the compressed air. - It was by 1o
neans at first appreciated that this was a matter of primary con-
senuernce. The illness so immediately followed‘the exit from the
pressure that attention has invariably heen direscted principally
to the length of the "loeking out" vrocess. Althousgh Janinet

racolmended at the St. Touls Bridge, the adoption of short shif
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he yet considered the exit as the most essential cause. Mr.
REads, the chief engineer of that bridge, was the firsE,and as
far as I can make out, the only one who distinctly recognized

and stated that the length of stay in the compressed air was mofe



important than the shortness of the exit in determining illness.
He was led to this conclusion by observing that the lock tenders-
entered and left a pressure of 50 1bs. to the square inch many
times duriﬁg'a shift of two hours; and altho' their time of en-
try and exit was the same as that of the other men - they, in-
deed, accompanying the other men in and out of the pressure -
they were never the subjects of this illness; whereas the other
men remaining in'for a shift of two hours or so, were severely
and often fatally affected. fhe clearness and precision of

this observation failed to attract the attention it deserved, and
many times.since it has been categorically stated that the length
of the "lock-out" is the matter requiring most attention.

At the Blackwall Tunnel the shifts have been of eight hours’
duration and no comparison can therefore he instituted between
ths results of longer and shorter shifts; thoush in exceptional
cases where a foreman or another has remained in for ths super-

vision of some important work longer than his usual time he has

e



often suffered in consequence.

In counection with some compressed air work at Glasgow a fore-
man on leaving the compressed air was sO severely affected with
pains in the iimbs that he at once returned. Being relieved

when in, and fearful of making the experiment again, he remained



in, I am informed, for several shifts;when ultimately he came out
he died within an hour of his exit. o account of this case has
heen published.

3. Ventilation. - In this connection my prineinal, Dr. Snell,

can lay claim to the credit attached to first pointing out the
close relationship which exists betwesn the smount of illness and
the ventilation of the compressed air space, and his observations
led him to enunciate this in the form of a law, that the amount
of illness varies inversely with the amount of fresh air supplied
to the compressed air chamver. Dr. A. H. Smith appeared to 
specifically deny such a possibility when he said: "By increas-
ing the nuwmber of compressors by which the air was supplied (£he
excess of air escaring beneath the edge of the caisson) the at-
mosphere was brought to such a degfee of purity as to contain only
one third of 1 per cent of carbonic acid as I detefmined hy ac-
tual analysis. This ammount of vitiation was found not to affect
the men unfavourably. To maintain this standard, howaver, near—'

1y 150,000 cubic feet of air were required par hour. Tre number

[
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of men employed at one time in the caisson varied from 50 to 125
in the day time and from 15 to 30 during the night."

It is thus seen that during the day time each man was supplied
with from 1000 to 3000 cubic feet of air vesr hour; and an atmos-

phere so foul as to contai?/z per cent of carbonic acid - .06 is
~




the maximum which a well-ventilated space should contain - was

" a degree of purity"!

spoken of as reaching
Bucquoy analysed the air of the caissons used at the buiiding“
of the bridge at Keke and found 2.37 per cent of carbonic acid.
The statement of the analysis is followed by what would appear to
e a platitude. He says "“Those who had to work for a long time
in the compressed air becanme emaciated; many labourars 1lost their
appetite and looked as if they were just recovering from a se-

vere illness'

ahd their he proceeds to relate the nmore definite
symptoms of compressed air illness.

The only writar who appears'to have even hinted at the lack
of ventilation as possihiy being concerned in the causation of the
illness is Dr. Hunter, whose thesis as far as I am aware has
never been published. He remarks, councarning the Forth Bridge,
"The most dangerous time for caisson workers was (1) while the

soft silt was being removed owing to the excessive daupness, as

well as, perhaps, to the pressnce of decaying animal matter; (2)

-
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when the process of concreting was being carried on after a cais-
son had reached its proper depth; this being due partly to the
want of a renewed supply of fresh air and partly to the develop-

ment of an excessive amount of carbonic acid. The cases of ill-




ness met with during‘these éwo epochs were in number out of all
proportion to those occuring during the excavation of the clay or
of the rock."

Dr. Snell recorded his opinion concerning the probability of
this relationship in a monthly report to the Bridges Committeeof
the L.C.C. This report after reviewving the precautionsvtaken at
this and other works against illness from the compressed air goes
on to say "I can find no stress laid on the ventilation of the
compressed air chamber; but at the same time it has seemed to me

that in those works where no record has heen made of the ventila-

tionhand where, therefors, the ventilation was prohably neglected,

the number of cases of illness has been exceptionally high. This
observation has led me to dir=ct my attention to the ventilation
of the twuiel. I have calculated the amount of fresh air sup-
plied per minute during the five months in which the compressed
air has been in use. These amounts are shown in the following
table which alsa gives the rainge of the average daily tenperature,

the range of




of illness during every month:-

Month. [Range of ave. |[Range of ave. Aver. no. of ecu- |[Number of
daily tenper-|daily praessure. |bit feet of air |cases of
ature. o 1bs per mnule illness.

April 82 to 85 FO 117 to 19 1700 8

May 80% to 833 12 to 174 1800 8

Sept. 64 to 712 15 to 22% 1400 16

Oct. 68% to 713° |21 to 273% 2000 - 12

Nov. 674 to 69° 194+ to 25 2500 2

"These observations are extended over so short a period of
time and sv» many other factors need consideration that it would
not be justifiable to draw any general conclusiouns at present.
But it cannot escape attention that in the month of September’when
the supply of fresh air was the least, the larsgest number of cases
of illness occurred; wheré:gs in November when the supply of
fresh air was larger than it ever had bheen before only two cases
of illness arose, in spite of the fact that the pressure was hizh-

er than in any previous month."



We considered it so important to prove or disprove the cohclu;
sion here suggested that I kept the daily récords of the amount of
air pumped into the conpressed air chamber, they have been ob-
tained hy calculations from the sizes of the various engines ang
the average speed of each‘on each day. I have also noted the
number of caseé of illness, and the time of the occurrence of eac@,
s0 that the last shift preceding the illneés is known in each
case. It would have been better if the amounts of air had been
estinated separately for each distinet shift of eight hoursﬁn—
stead of the thres being united together into one daily average
for/24 hours; but as this plén was not adopted from the first it
was not advisable to follow it out afterwards. I have no doubt‘
had this been done some of the apparent anomalies would have dis-
appeared, for it frequently happened that the amount of ventila-

tion would vary couasiderably from one shift to another; and of

the three shifts in one day the cases of illness would sometimes




only apoear after one. The days are reckoned to begiﬁ al 6 a.ﬁ.
AA
one day and end at 6 a.m. the next day; an iliness then ocouaing
(say) at 7 a.m. on the latter day would be ascribed in the table
to the preceding day. In spite‘of the likely source of error
in estiéating the amount of air supplied in one ninute out of
the twenty four houré the conclusion enuiacisated in the report
neitioned apove has beeﬁ proved over and over again from obser-
vations extending over a period of two years. The pressure
varied from day to'day and from hour to hour, the changes being
determined by the engineering necessity of dealing with a vary-
ing "hydraulic head" brought about by the rise and fall of the
tide. In order as far as possible to eliminate pressure as a
determining factor in the causation of illness, I have, in com-

piling the following tables selected days which could he fairly

classed together as having practically the same pressure.
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Thus the first table deals with 215 days during a period of

nine months when the pressure reached and exceeded 20 1lbs. vary-

ing in the course of each day from a few pounds below 20 to a

- few pounds above 20.

These days are divided into four sections

according to the amount of fresh air supplied esch hovr to each

man on the average shift to each day.

During these 215 days

33 cases of illness were reported and they were distributed a- -

mong the cays as shown below:-

Cubic

feat of fresh

air per man per hour
in average daily

No. of days.

Cases of
illness.

Estiméted cases of
illness for 100
days.

shift.

Below 4000 56 16 28.5

From 4000 to 8000 47 9 19.1
# 8000 to 12000 71 8 11.2

Above 12000 41 0. 0

“The table demonstrates conclusively I think the direct rela-



tionship befween the ventilation and the prevention Qf illness ét
the pressure counsidered. since the size of the three daily shifts
sometimes varied considerably it appeared to me that it would be
preferable to estimate the amount of fresh air supplied per hour

for each man in the larsgest daily shift.

>

The fol;owing table is so constructed from all the days pre-

senting conditions of pressure similar to those of the preceed-

n A

ing table, occuring during a period of seven months subsequent to
" _

the nine months previously considered:-

Cubic feet of fresh | Ho. of days. Cases of|Estimated cases of
air per man per hour | illness. jillness for 100

in largest daily ' 1days.

shift.

Below 4000 21 17 80.9

¥rom 4000 to 8000 80 18 22.5

From 8000 to 12000 70 6 8.5

Above 12000 19 0 0

Thus during a period of 16 months in which over four hundred



days may bhe groupe2d together as presenting nearly similar condi-
tions of pressure, the figures obtained by comparing the amount
of compressed air illness with the amount of ventilation afford
us very noteworthy results: and this notwithstanding such errors
of calculation as those already suggested and in spite of numer-
ous minor deterinining factors of the illness which remain to be
considered later.

It would appear probable that similar results would attend a
corresponding analysis of the days when the pressure exceeded 25
or even 30 1bs.; unfortunately for this purpose the pressure in
the tunnel only occasionally reached 27 or 28 1bs. snd it never
averaged this pressure throughout a day. Ve are obliged there-
fore for this purpose to have recourse to the sinking of the cais-
sons. Compressed air was used in the sinking of Caissons No. 1

and 2, whose depths below the ground level were 75 and 98 feet

respectively. The 'hydraulic head' of water pressure to be
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dealt with waé théféksfﬁtégé;per %ﬂ$g7££éf in the tunnel and'fﬁef
pressure of air sometimgs wént up to 36 1lbs per sq. inch. But
as the length of time occupied in sinking these was comparatively
small it is onlyvpossible to tabulate a small nunber of days.

For this purpose I have grouped tOgether'all those Aays when the
pressure roSé above 25 1bs.{(including all pressures up to 351bs.)

There were 61 such days in all and they group themselves as fol-

lows:~

Cubic feet of fresh No. of days. Cases of|Kstimated cases of'

air per man per hour. ‘ illness.|illness for 100
days.

Below 4000 13 41 3156.6

From 4000 to 8000 26 78 300

From 8000 to 12000 10 8 80

Above 12000 12 4 3%.3

It is seen that the same relationship holds as at lower pres-
sures, but that the perceutage of cases occurring is in each case

larser than with a corresponding condition as regards fresh air



supply at lower pressures. It will also be noticed that four
cases occurred when the amount of fresh air supplied was very
large, when if there is any truth in the proposition now being ad-
vanced, it mizht have been hoped that at least a smaller number
than this would have been met with. On reference to the days
when these four cases occurred it is seen that they occurred.on
two days when active work was not in progress and when only two
or three men were in the compressed 'air at one time, that actual-
ly a snaller amount of air was being supplied than was usual when
work wasﬁn progress but that the small nunmber o0f men caused the -
amount per head to be large.

One such case occurred in the tunnel when work.was once sus-
pended: the pressure that day varied from 213 to 251bs; only
two men were in the compressed air, and the amount of fresh air

Per man per hour beiny pumped in was as much as 40,000 cunic feet.

It appears obvious there mmust De some explanation for this appar-



ent anomaly. I helieve it is to be found in thé inadequéte dis—‘
tribution of the fresh air supplied.

The conditions that appertain when work is suspended are just
those which will not tend to help a proper diffusion of the»fresh
air.

The escape of the contained air is as far as possible nini-
mized by claying-up apertures (to avoid the expense of an air-
suvply uncalled for by the eugineering necessities;) the con-
stant movements of a large number of men and wagons of material
are absent and there is no incessant movement of the locks back-
wards and forwards as men and material enter or leave.

Also, it has to be horne in mind that the velocity of diffusion
of a gas'at a greater density is smaller that at a less density,.
varying as it does inversely with the sqguare root of that densi-

ty. This physical fact would appear to be the reason why can-

dles smoke in compressed air, altho they are in an atnosphare
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richer in oxysen, volume for voluﬁe; they invgriably smoke. This
is not the case, howsver, if we cause the surrounding air to reach
the flame sufficiently rapidly - as when a élass chinuey is held -
over the flame. In that case combustion goes on as it would in
a more richly oxygenated atmosphere; the flame is brighter, and
there is'no smoke. The two men employed as watchers, when work
" for some reason is suspended, sre not generally moving about;
and unless situated near an inlet or an outlet of air may be very
-badly circunstanced so far as fresh air is conceransd. Supposé
they are at the bottow of a huge caisson 50 feet in dismeter and
60 feet deep, suppose the supply pipe or pipes end 20 feet froﬁ
the top and suppose that the superfluous air is escaping at the
top, nothing is more certain ﬁhan that the air in the vicinity of
the men will be more impure than that at the top.

That the explanation of the circumstances is not imaginary

was amply demonstrated at the time when the nmen were working in
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Caisson No. 1.

The men were practically all working at the bottom; the sup-
ply pipe entered the "air-tight floor" (i.e. the roof of the
cﬁamber) and then ended. The air was nearly all escaping through
the "air-tight" floor which was imperfectly caulked in order that
ventilation might be assisted. Men were affected with compress-
ed air illness at the éate of seven a day. A week after they
had begun work in this caisson the supply pipe was lengthened in
order to better veitilate the lower portion of the chamber. Dur-
ing the remaining ten days they worked here only one case occurred
every two days. 0f course it might be urged that the amount of
air supply per man was also increased. That wés so: but the

improvement was maintained even on those days when the air supply

hmwﬁconsiderably below what it had been hefore the supply pipe was

lengthened; and with this improved distribution of the fresh aig
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no case of illness occurred on any day when the supply was above
9000 cuhic feet per man per hour.

I believe that probably enough has been said on this point
to prove Dr. Snell's contention that tﬁe amount of illness varies
direcfly with the lack of ventilation of the air chamber.

Other and minor causaes of the disease remain to be considered.
(A) Too rapid decompression:-

IMost of the writers on the symptoms caused by compressed air
give this cause a foremést place. The coansiderations already
advanced under the thres previous headings have I think justified
me in assigning to them the greatest influence in the production
of the disease. On the other hand, Fole§ was distinetly in er-
ror in recommending the reduction in length of the decompression
and in hlaming the stay in the cold misty atmosphere 0of the lock

during a few minutes for all the accidseuts that might afterwards
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result. That a just appreciation of the value of this factorv
may be arrived at, it might not be amiss to review a few of the
facts bearing on this point.

Jaminet, Smith, and many others have drawn up dognmatic durétions
of decompression. Janinet decided that one minute should be al—-
Jowed for esach additional 6 1lbs. of pressure; ©Smith that five
minutes should be spent in the lock for each additional atmos-
phere; others advised lengths of time so considerable that the
time occupied by the exit of the mei from the compressed air would
form a very formidable item in the financial astimate of an engi-
neering undertaking. All reasonable suggestions in this respect
have at different times been adoptéd, but whether the amount of
illness has been.diminished to any extent thereby remains still
a matter of conjecture. I have already noted that Ir. Eads.of

the St. Louis Bridge noted that the lock-tenders who entered an&
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left the compressed air many times in the course of a two-hour

shift did not suffer from illness, whilst those who remained

under pressure for the whole period of two hours were very
largely taken ill often>with fatal results. The time of exit
’ ~
was the same for the lock-tenders as'fhe other meq. At the
BRlackwall Tunuel each air lock was provided with two pairs of
air cocks, the larger for material, the smaller for men:
they Were of such a size that the air of the lock with a pre-
ssure of 28 1bs. could escape in about four minutes with thé
smaller cock turned on fully; while by the larger one exit
could take place in about 30 seconds. There was a regulation
thoroughly understood by the men that the larger cocks were
to be used only for material. It has come to my knowledge that

the regulation was frequently disobeyed. That is, the naterial

cock being used instead of the smaller one the men could come




out in half a minute. One man, i was led to believe made a
practice of this. He has not to my knowladge suffered from
conpressed air iiliness, though he has on-several occasions
during the progress of the work had one or two severes illnesses.
Neither has any other case, where the rulas laid down on this
point have been infringed, come under my notice)with a single
exception which I will give under the selected cases and which

was of a trivial nature.

Again where men suffering from "hends' have heen immediately

recompreSsed in the medicai air—look the pain has invariably
left; when allowed to "leak out" in 45 minutes some slight
paig usually returned; where the men without seeking medical
advice have recompressed thenselves and come out noderately
slowly (say) twenty minutes they have Dbeen rarely nuch improved
by the process. This case is not quite analogous to those we

have been considering, but it appears to show that while there
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may be considerable differeﬁce in the results of decompression
in four and forty five minutes respecti?ely this is not so
much marked when the difference in time is that between Tour
and twenty minutes.

Although with no wish to under-estimate the influence of a
rapid decompression in producing illness,to me it is sufficiently
clear that it is not the prinary factor in its causation.

(h) Personal idiosyucrasies.

There are several which éppear to influence the incidence
of the symptoms ¥.g.
(a) Fulness of habit,- this has been noted by most observers.
On this account I was instructed as far as possible to exclude
men of very heavy build.

On two occasions my advice to men of this tyne was disre-
garded aind their first sojourn in comprescsed air was followed

Gk :
in either case by an attack of "bends' which was effective in
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enforcing my advice.
Because a man is stout it does not follow that he necessarily
suffers: it cain only be stated that in many cases the liability

to illness is increased to a remarkable degree.

[}

tB) Age. - It has been frequently stated that younger men

are less apt to suffer than older nen. It would be satisfactory
to test the acruracy of this by éomparing the azes of those who
suffered with the ages of those employed. ‘I am not able to do
this»as 1o account of the ages of the men employed has been

kept on the works, aind as it was a voluntary matter for men

who had e2en employed on the works before my arrival tc submit
/themselves to examination by me I have only an account of the
azes of those men whom I had the opportunity of examining;

as these howevar were very numerous the figures will give an

approximate idea of the proportionate ages of the men em-

ployed, 0
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2

Azes. - |Wo. of men ex- |No. of men taken |Proportion of

) amined & passed | i1l whose ages illnesses to every
were recorded. 100

15 10 20 bb . 0 . 0

20 to 256 145 15 10.3
.25 to 30 162 37 24,73

30 to 35 91 19 20.9

35 to 40 61 4 14 22.9

40 to 45 38 10 . 26.3

45 to bo 3 5 166

These figures are, I think sufficiently large to justify
very valuable conclusions - viz. that before the age of 29,men
are remarkably freae from illness; that between the ages of 35
aind 45 the liability to illness does not vary nuch; that be-

. [
tween these latter ages the chances of illiless are about;;ggas
great as between the aées of 20 and 255the liability to illness
is very largely increased. It has been said that nen with
grey hair or with commencing degenerative changes in the arter-

ies are especially likely to be attacked. These causes are

probably intimately associated with the influence of age.




(C) Organic Disease. - All men having any organic discase
were rejected with the exception of those suffering from emphy-
sema or an early stage of phthisis 4::&:;¥H§E;r, s0o that I have
no éxperience as to the effect of compressed air on them.

(D) Alcoholics are said to suffer from illness due to com-
pressed air very readily. It was noticed that after a holiday,
whenl higher pressures were reached a number of cases of illness

LoRwess
occurred. Isekingse 0f 3t. Petersbhurg denies that a2leohol gives
rise to any obvious mischief.

(B) It is also said that‘men who have just undergone severe
exertion suffer more from compressed air illness. It is said
that when a 1ift was vsed at St. Tiouis Bridge instea& of lad—'
ders a diminution in the number of cases followed.

(F) It is also frequently stated that men new to the work

suffer more than the old hands. It is very difficult to either

nrove or disprove a statement of this sort, which, when once
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enunciated so easily gains credence. It is certain swedh men
are more suitable than others. The very unsuitable will in

all likelihood suffer after the first shift and discontinue the
employment; and this may readily give rise to the belief. |
Among other conditions which might have condnuced to the F
0f symptoms are the temnperature and‘hygrometrié conditions of
the compressed air»chambeiijf the former a daily record was
kent. During the first two months the air foresd in was not
artificially cooled. In the process of comﬁression the mechan-
ical work performed on it,~to press it into a smaller spacg-was
partly converted into heap,and the resulting temperature was
uncomfortably high)being generally over 8OOF. The air was éftér

that tine eoo0led by neans of cold water pipes and the temper-

) 0
ature reduced to just below 70 F,

o conunection in our cases between the occurrence of illness

and the rise or fall of the temperature can be traced.



As to the hyzrometic condition -~ the air in the chamber was
constantly saturated. This being the case the hysgronetic con-
dition of the compressed air chamber fails to account for the
oceurrence of illness45!g at one time andvnot at another, and
therefore probably has nothing to do with the causation of agc-~
cidents.

Suwriary of‘SyﬁptOms:—

In the subjoined series of cases,the whole of them,with}threev
exceptions’comprise illnesses which follow 2513 from the com-
vressed air. The injuries which may bhe sustéé%éd by the ear
during the process of entry are so obviously mechanical in their

origin that they may be at once separaté&fﬁg@lass by themselves,
o

not only on acecount of their time of onset,but also because of

their distinetive pathology.

The entry into the coipressed ailr is effected by means of an

air-lock in which the pressure is raised gradually.




The sige of thé cocks in uéevat Rlackwall was SO adjusted‘.
that the entry‘occupied from one to two minutes. In healthy
people with noderately patent Tustachian tubes and who have ac-
quired the knack of opening those tubes to allow the entrance
of additional air to the middle eaxr no inconvenience is exper-
ienced aven when the air is adnitted as rapidly as the_cocks
will allow. If however the Hustachian tubes are 10t as patent
as they should be - as may ocecur during a "cold in the head"
more or less difficulty in Entry is met with. The additional
pressure outside the tympanic membrane pushes that structure
inwards, causing wore or less pain; and if this warning be
neglected the pain may become excruciating and rupture of the
drum may occur: this avent may happen eveili withoup excessive
pain if the Arum be less resisting than normally. short of
actual rupture the rslative vacuuwn in the middle ear acts as a

sort of cupping glass and produces congestion of the lining walls

<D
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of that cavity.  This may last some days and bhe accompanied

by deafness on that side. Purther the congestion npay be fol-
AV ,
lowed by actual inflamation with or without suppuratiou. Sev-
: A}

aral cases illustrative of these stages have occurred at Black-
.wall and many cases of more or less permanent deafness have re-
sulted. Also nainy of the men who have worked in comnpressed
air for a long period have not that acuteness of hearing which
is normal. Altho' no trouble with the ears has been -exper-

ienced, it nmust hapven that the air pressure in the middle ear

is fregquently a little bhelow that in the external ear. The
v
process of "accomodation" of .the ear - if the term may be s0O
N | :
used - to the pressure by swallowiug or other means, even when
effected frequently,is interrupted by intervals of seconds when
the pressure outside the drum is gradually increasing and that

within is stationary: in other words the effect of a cupping

zlass to the middle ear is frequently present to a small fwd ia




and, in itself, harmless degree. IJothing anpears more resason-
able than to suppose that this must ultimately produce a thick-

o
ening of the internal or mucous lining both of the membrani tym-

M
pani and(ﬁi\QEEﬁhossiéss which will necessitate some impairment
in the hearing. It very rarcely happens that any pain is ex-
perienced in the ear on exit from the air. The narrow funnel-
shaped end of the Kustachian tube, directed towvards the middle
ear more easily allows of the escape of air than the more trum-
pet-shaped opening towards the pharynx allows‘of the entry of
air. On coming out from the compressed air the little bubbles
of air can be felt leaviag thé niddle ear and no effort is re-
quired to open the tubes.

Allied to these cases are those of pain in the forshead.
it appears~never to e complained of except during the presence
of a nasal catarrh, when the mwuwcows membrane lining the open-

ings into the froatal S8 is swollen and air cannot entaer

-
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or leave these cavities readily. The pain is sometimes very
severe and may be followed by neuralzic vains for weeks after-

wards. Sinilar pain nay be felt in a carions tooth from the

cavity bheing temporarily cut off from the surroundins air esither

on sntry to or exit from, the compressed air.

Oﬁe 0ther class of caseé may be anticipated to accompany
entry into the cdmpressed air viz. any ill conéequence of the
physiological rise of blood pressure - which then occurs.

In this class of case we might expect to meet with examples
of cerébral haemorrhage or of ruptured aneurism. Happily no
such unfortunate incidents occurred at Blackwall. By a syste-
matic exanmination of all new employeé I have atteﬁpted té
aliminate those having an organic disease of such a nature

that a sudden rise of blood pressure night be prejudicial




Concerning Lhe time spent in the cbmpressed airAitlﬁaYaﬁéﬁ:
stalted generally that mo 1il1ll effeets are then manifesbed.vrf”
the sojourn be prolonged to even twenty four hours no symptoma-
ti¢ eonsenuences ensue Qﬂflﬁﬁ the stay. Cases are known where
mules have been revained for months in the compressed air and
have apparently been in pgrfecn health. Among the cases sub-
joined, two have been given because lhey appear 10 be exceptions
to this rule. In the one the man is sivated to have had a "fit"
while under the pressurs. If this condition were produced by
the pressure the man having‘already been working for some hours
in the compressed air, ihe case is unique .

the man had nevér had any fiits before ithough he had recently
been suffering some palin from his ears while entering the c¢om-
pressed air and afterwards; his ears having been "blocked"-

the usual expression for the condition among the men. Itv is

possible ihis pain was more considerable ithan the man represented;3



and that, rather than leave off his work he had continued under
greatl difficulties and had at last fainted.

'he other case ( H.C. Case VII),where pain was expsrienced while
in the caisson to an exteni which prevented the use of tools by the

other ‘

left nand sivands quite by itself among some two hundredAcases.
Iv is possible that there was from some cause z more or less rapid
fall of the pressure in the caisson which might be followed by the
‘pain or 1t mighik be on the other hand ithat the account given by
the man of the conmencement of the paln had been misleading. The
absence of symptoms during the sojourn of the men in the compressed
air is a feature which has been put on reecord by every observer.
Symptoms when they 4o oceur, begin during or after decompression;
they»may commence immediately the exit alr tap is turned,or they
may be postponed vniil some hours have elapsed after coming out.

N

The longest interval recorded at Blackwall is fourteen hours in a .

¢ase that will be cited. The usual inverval is from a few minutes
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to one hour. Where this length of time is much exceeded it has
vsually occurred that the man has gone home fallen asleep and has be
awakened some hours after by a severe pain in one or more of the
limbs. By far the most common sympﬁom is pain in the extremities
known by the men as "bends". The pain most usually affeets the legs
and prineipally thep parts about the knees - though it may affeect
the arms especially the‘elbows and shoulders. It may be present

in one or all of the limbs. Its onset is usually sudden bscoming
more and more severe for a short time afterwards. It may be only
slight causing little or no ineonvenience or it may be of a most
exerucliating charecter causing sirong robust men to writhe in agony.
The pain is differently described; sometimes as sharp and shooting
"iike & knife", or a dull heavy aching pain. It is sometimes locate
by the sufferer as deep down in the limb, or in the bone, and some-

times, =zs affeecting the more fleshy parts and sometimes &s in the



joints. It does not sesem tb follow any augtomical distribution
such as that of the large nerves. There is generally more or
les3s tenderiness over the painful part and this tenderness is
not superficial. 1In the large majority of cases there is no
objective sisn accompanying, such as swelling or heat or dis
colouration. A cold perspiration has been described. The
pulse presents no particular characteristiac.

The pain may if slight pass off in oné or two hours, if
more severe in as many days; in the worst cases it may per-
sist for one gr two weeks or even more. Its disappearance may
be hastened by early recompression, but it tends to disappear
by itself if left alone and there is no relapse. There is no
rise in temperature and no albuminuria.

Epig stric pain is frequent and may be accompanied by pains

in the limbs. It may be following by vomiting or nausea merély.
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In only.one case at Blackwall was it really of an alarmiag
character.
Paralysis:—- The cases of this sort at Blackwall have been few
and trivial compared to those reported at St. Louis and Brooklyn
Bridges. We had two cases of paraplegia. One of them was
cured after recompression in about 13 days, in the other there
renmained four imonths after the attack fregquency of micturition
aﬁd impotencé. There was also one case of retention of urine
df a very temporary character.
Auditory Vertigo.- Altho' Meniére published his series of cases
of this affection, no description of cases due to cqmpressed
air appears in any records until the first of the series of
cases at Blackwall was pubiished by Dr. Curnon in thé Lancet

(1894). Vertizo has occasionally been mentioned as a possible

effect of compressed air, uotably by Dr. Hunter of the Forth




Bridge works, who noted that it was occasionally accompanied
by vpermanent deafness in one ear.

Amonz the nine cases subjoined the onset was sudden}and it
came on from a few minutes to a 1ittle over an hour after leaving
the pressure. In six cases some amount of deafness was present:
in one this was described as affecting Hoth ears and lasting
oniy a few seconds, in five others it was of loﬁger or even
permanent duration affeecting only one ear. In four of these
cases the internal ear on one side was affected, in the fifth it
appeared to be the middle ear that was at fault;' in the three re-
naining cases which were not seen until some days after the onset,
10 deafness existed or had been noted previously by the patients
themselves. Tinnitus had been complained of in four of the pa-
tients as having occurred early; in three the symptom was vary
persistent. In spite of the absence of tinnitus and deafness in

the three cases segsn late: the vertigo has been considered by me
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of auditory origin, because it was increased always by a movement
of the head in one direction more than by movements in other di-
rections - thus in some it was brought on by movements of the head
backward in others by lateral movements. In the least severe it
lasted several days in the more severe cases weecks or even many
months. In five cases the illness was accompanied by "bends."

0f cases nbt coming under any of the above headings may be ﬁen—

Sonolim
S ond abdomen -

tioned oune of dysphagia, one of oedema of the
this latter may have been due to some organic cause that I was
unable to discover. - Itching of the skin was sometimes complained
of after leavinzg the pressure, but not to the extent one would
have expected after reading the reports of Toley's cases. Epis-
, o
taxis or haemopf&sis sometines follow exit from compressed air.
N
The blood may be swallowed and haematemesis ensue subsequently.

Slight bhleeding from the ears may occur.

I do not consider that work ih compressed air produces any de-

IS
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leterious effects on the systenm. Many careful exéminationé of thé
men who worked for a long time in conpressed air were made without
any i1l effects being discovered.Dr. Snell reports that one man who
had worked twelve ysars in compressed air had hypertrophy of the
heart without any other condition of the system to account for it.
"It is possible," he says "that this might be produced by the in-
creased blood pressure which accompanies work under these circum-
stances."

It has frequently bean recorded that men who work under condi-
tions of pressure have a pale leaden appearance even in the open
air. This was not observable at Blackwall to any extent,probably
I believe to good ventilation. ixamination of the blood reveal-
ed no abnormality in the amount of haemoglobin or the number of
corpuscles.

PROGNOSIS.

0f the symptoms of this occupational disease the most common is



'"bends' it is also the least serious usually passing off in a few

days to, in the most severe cases, a few we=ks.

~

he ear symptoms, I need say nothing about as they are thor-
oughly discussed in works on diseases of the ear. The itching

of the skin and the epigastric pain soon pass off. Paralysis
also as a rule passes off in a few ﬁeeks unless in those casés
which have bladder troubles and impotence. . In cases of auditory
vertigo associated with affection of the interﬁal ear the prdgosis

is generally good.

The diagnosis of symptoms due to compressed air pressure
usually vresents no difficulty and is only of importance from,its
medico-legal aspect.

MORBID ANATOMY .

Wo fatal cases occurred at Blackwall Tunnel, so that I am un-



able to add anything to what has been said elsewhere on this'part
of the subject .

PATHOLOGY.

ot o e o o

A review of the various theories which have been advanced sumd
from time to time show that they group themselves into three class-
es.

1. Theories sugzesting exhaustion carbonic acid poisoning and
the like as the cause.

IT. Theories ascribing the symptoms to the mechanical conges-
tion 6f different rigcera.

III. Theories depending on an increased solution by the blood
of the gases of the compressed air and the liberation of these
zases on the pressure being renmoved. o

I. All the theories of the first class depend on the presunp-

tion that a sojourn in compressed air on account of the larzer
J 2



amount of oxysen contained in a given volume of that air, is ne-
cessarily acconpailied by an increased amount of metabolism. Most
of the supporters of these theories have considered this a necess-
ary consequencé. Vivenot and others have approached the subject
from a therapeutic point of view anud have been at sreat pains to

show that an increase of chemical activity resulting in the forma-

A

tion of an excessive amount of carbonic acid and other products of
metabholism, will accompany or follow the stay in compressed air.
If this inereased chemical activity can be disproved all this class

“-£

of theory falls to the groﬁnd; if it camot be substantiated they
remain without any rational basis.

If an increase of metabolism occurs we should expect to find
an increése in the amount of urea excreted. The estimatioég;rea
must obhviously be made for a considerable time and include estima-

tions of the average amount excreted when the compressed air is

not entered. Tt is impossible to obtain reliable results and




accurate twenty—fourAspecimens of urine from the men. Dr. Snell
made a series of ohservationskn himself. He found that the aver-
age amount of urea excreted per diem was 392 grains. *The daily
range varied from a nininwa of 167 to a maximum of 702 grains.
He found that a stay of some hours in the compressed air was not
followed or accompanied by any excessive excretion of urea. With
a daily range such as given -ebe#e any increase in the amount due
t0o compressed air would have to be emphatic in order to be appre-
ciated; yet if an increased metaéolism occurs in compressed airy
of any momenp)we might expect to see some evidence of it in the
amount of urea excreted. 011 the whole it would apoear that the
. . | A
basis on which nmust rest the hypotheses conceruning exhaustion, coyg
poisoning and the like is without substantial proof.

ITI. Theories which attempt to explain the symptoms causedkyby

cohpressed air on the ground that the pressure on the periphery

0f the body causes the Viscera to become congested.




The late Dr. Moxon in his Crooniah Tiectures (Tnancet 1881) was
s0 struck with the plausibility of the congestion theory of these
symptoms which seamed to support his views of the functions of the
cereﬁrospipal fluid that he gg#? "It needs no experiment to show
that great increase of atmospheric pressure nmust drive the blood
away from the surface of the body and into any parts that are ac-
cessible to bHlood and not to air. Such varts are the interior
of the craniwm and the spinal canal."

Commenting on this Dr. Snell in his book says - very strong

proof must ve forthcoming hefore such an extraordinary hypothesis

can be accepted. The cranium and spinal canal are filled by sub-
stances which are incompressible. Compressed air supplies ain even

"1y distributed pressure to tha surface of the hody. Vhy should
it follow that blood should be forced into the cranium and spinal
canal and cerebro~spinal fluld squeezed out?® [he inecreased air

pressure is impelling the cerebro-spinal fluid to remain in its




position just as powerfully as it is urging tha blood to enter

and expel it. Necessarily 110 change can‘fake place ,and matters,
in this respect at leasp,remain in the compressed air just as they
were in the open air."

Dr. A.H. Smith is the most thorough-going of the advocates of
"congestion." He aseribes all the symptoms to this condition.
Hven supposing ons could admit the congesﬁion he speaks of, he
does ndt make it at all clear why an obstacle should sometimes
arise to the normal redistribution of the blood on leaving the

wilth
air. Why should the capillaties become "clogzed 4wnée-effete
Dlood?" why are the capillaries "clogged?" and why is the blood
effete?

III. 1In resard to the third set of theories which attempt to
explain the symptoms by the inereased solution hy the blood of the

zases contained in the compressed air, there is this to be said

in their favour that they take as their basis a physical condi-




tion - the increased solution of gases by the blood - to which it
is difficult to refuse assent.
The law of Henry and Dalton states that the weight of a gas
» YA
Aissolved by a liquid is directly proportionate to the pressure.
0
At 0°C and 760 mum. pressure one volume of water will dissolve
.02035 Volumes of Nitrogen
L04114 0" " " Oxysen
1.7967 " " Cardonic Acid
Double the pressure and twice these amounts are dissolved.
These are the co-afficients of ab-sorption of these gases in water.
The co-efficients of absorption of these gasesﬁn blood are more
difficult to obtain since all the gases obtained from blood by im-
mersion of it in d&acuum are not in solution. From 100 volumes
of blood may bhe obtained:-
Hetrogen Oxyzein C 04
Artarial Blood 1 to 2 vols. 20 vols. 40 vols.
Venous Blood 1 to 2 vols. 8 to 12 vols. 46 vols.

The larger vproportion of this oxygen we know to exist in a state

of chemical combination with the haemoglobin. That an increase




47

0f the amounts of these gases dissolved takes place under increas-
ed pressures.has been shown by Paul Bert though he found this in-
crease did not exactly obey the law of Heanry and DNalton. He found‘
for instance that at increased pressures the oxysgen in the blood

is increased only to a small exteunt; and nitrogen more than either

&

oxygen or go;,though not to the extent that would be expected from
the Law of Henry and Dalton.

It is generally clear that if the bhlood dissolves more free
gases during the stay in compressed air, this excess of dissolved
sasxes will be given off on or after the satry into the open air,
ian this escape of gases from the bhlood give rise to the symp-
toms we have been considefing!’ Every medical man is familiar
with the respiratoiy troubles and sudden death produced by the
entry of any quantity of air into the larze veins of the thorax.

Vhat would be the result of the escape from the blood of minute bub

bles of gas throughout the whole of the vascular systems? Paul




Bert made a large number of experiments'bn animals at hizh pre-
ssure - often as high as 10 atmospheres. He has caused decompre-
ssion to be effected in periods varying from twenty seconds to
thres minutes. Sudden death fraquently followed and, post mortem,
éﬁﬁﬂ;ja;;;§\££33_§§52§/in the blood)especially in the right side
0f the heart. Iﬁ some cases paralysis of the lower linbs
apr=aared,and at the autopsy he often found bubbles of free air

in the spinal vessels even in the smaller vessels of the spinal
cord itself. Wheun death daid not take place immediately the free
sas was 1ot preseit,but instead, patches of softening in different
regions of the cord. Occasionally he found subcutaneous emphyssama;
sometines smali foci of haemorrhages into the spinal cord could be

sean. All of the experiments whern~ such definit® observations

-+

weres noted ‘vere made at pressures over b atmnospheres. The time of

compression was dever very long. Generally occupying only a few
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ninutes and never ovar two hours. It is probable that had Rert
enmployed longer periods of compression with lower pressures he
would have obtained similar résults. It is impossible to suppnse
that th=2 cases of paraplegia owe their origin to a different

cause to that which is proved by the experiments to be responsible
at higher pressures. Morzover the saturation of the whoie KAAY
blood of the body, with its full amount of gases, 0€>entry to
qggggessed air, nmust he a matter of time; only that in the capi-
llaries df the pulmonary vesicles can be engaged at a ziven moment
in avsorbing from the air vesicles the surplus of frees gases;
vefors the whole amonnt ofvblood of the body has received its full
complement of free gases (i.2. before the acme of danger from‘this
cause is reached) we must suppose a few hours to be spent in the
Pressure. We saa then that this theory is fully capable of ex-
nlaining cases of sudden d~ath or of raralysis. It needs no effort

é:l . J.—' .
of the imagination to account for thefesidsaties that sometines
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z1sues i1 the same manner. It is in the highest degree improbable
that the more subjective symptoms such as pains in the limbs and
elsewhere are due to any other cause; that these are not due to
any derangement of the central nervous system is shown by the
local tenderiness and the occasional swelling that sonmetimes accom-
panies them, whether the lesion is in the uerve sheaths’or the periy
teum or elsewhere can only be a matter of conjecture; we should
anticipate that most pain would be caused when the lesion occurs
in those vassels that are surrounded by resisting structures or

by sensitive nerve filaments and that no rain would occur when

these conditions are abseiit.
u,/Mz'u'»'i'\ ' o ;

4

This theory moreover is adaptgﬁVto explain “the orincipal fac-
atk .
tors in the aetiology of the disease. It explains why the danger
is inecreased at high pressures or by longer exposure. It makes

2lear how a deconpression extending to forty five or sixty minutes

is effective in diminishing the liability to attack. It would
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lead one to anticipate that those men beyond middle age or With
a degenerated artoerial system would be more liable to illness
than those who are younger and more healthy. An adherence to
this theory assists us in understanding why the symptoms are
never produced?n entering compressed air, why it does noé come
on during the sojourn in the air however long that sojourn may
be prolonged,and why,if it occurs at all}it is on or aftervlegv—
ing the pressure. We are enabled»also to understand why rapid
recompression is so universally beneficial aﬁd why, 1¥ it be‘too
Vlong delayed,(that is if some actual injury to tissues is

caused by the escapliag dubbles of gasl,recompression is prac-
tically useless. Ve are in a position to anticipate that in the -
absence of complications the illness will tend to disappear byv
itself in a few days or a few wesks,and that relapses will not

occur. 35S0 well does this theory harmonize with our knowledge
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of the iliness that we may rest assured we are at least look-~
ing in the risht direction for the true cause of the symptoms.

TREATMENT.

This naturally divides itself into preventive and curative.
Under the first heading the amount of the pressure should
have a foremost place. At the present time we 4o not know what

is the maximum air preésure which may be worked in with impu-
nity)but we know that, by our increased medical knowledge,we
ars able to deal with pressures .of 30 and 35 1lbs. with far less
harm thanvformerly.

Next in order of importance would come the time to he speﬁt
in the compressed air. This would of course depend on the

amount of pressure. Before ths Blackwall Tunnel was constructed,

nowhara have men worked for eight consecutive hours daily in
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pressures of 30 and 35 1lbs. to the square inch.

This arrangement seemed to work wel;,although thers is little
doubt that the illnesses when high pressures were reached would
have been less frequent haé the length of the shifts been short-
eded. Whare the conditions are favourable,long shifts may be
worked, but when illnesses are of frequent oeccurrence, the lensgth
of the shifts must be reduced. At the St. Touis Bridge, when a
pressure of B0 1bs. was being encountered,the length of the shifts
was cut dow%/ several times. Ir. Ead says that after these were
reduced to one hour's duration no serious case of illness
occurred.

The third important point in treatment is ventilation of the
éompressed air chamber. WVhere a tunnel is being made thro' a
porous sround the ventilation will of necessity be good but

where an impervious face exists, there appears the necaessity of
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vigilance in the daily estimatioh of the supply of fresh air.
At the ordinary atmospheric pressure a nman at perfect rest re-
qmiires to be supplied with 3000 cubic feet of fresh air per
hour in order that the air of his room may not contain more than
.06 per cent of Coq and that the room may be described as well
ventilatedl A man engaged in heavy work requires fully three
times this amount of fresh air (i.e. 9000 cubic feet) to pre-
serve the same healthy conditions as regards the atmosphere; it
is certain that nothingz below this is admissible in compressed
air. A glance at thz tables given previously will show that

up to pressures of 25 1bs. this amount, although diminishing
the'number of cases of iilness)does not preveut them altogether,
and that at higher pressure nuch larger amounts are called for.

In addition to securing a sufficiently large supply of fresh air,

it is necessary to provide for the proper distribution of that air
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throughont the compréssed air chamber; this will be attained
by considering the position of the chief outlets,and arranging,
and ,if necessary, sub-dividing the inlet in the mosf advantageous
way. The duration of the "locking-in" process is of little

A
moment to those who can readily accomgdate their esars to the
inereasing pressure. 7ith moderately patent Xustachian tubes,
no difficulty will bhe found in entering a pressure of 30 1bs.
in one minute. The 'locking-out" process is Qf more importance.
From what has already been said, it may be inferred that if by
lengthening the process it is hoped to diminish illness to any
appreciable degree, it will have to be prolonged to an extent
which will be very inconvenient. At the Blackwall Tunnel the
air cocks were of such a size that when turned on fully they ad-
nitted of exit from a pressurs of 30 1bs. being effected in

: L7
four nminutes. Vhen ventilation was efficient the illnesshwere




reduced to vanishing point,so that it is impossible to ascribe
any harn to this rather rapid exit.

Tt is possible that,at the higher pressures, it would he
well to inerease this 'locking-out' process to fifteeun or even
more minutes; although for pressures below this such a precau-
tion would appear unnecessary .

A proper selection of meun is very necessary. In order to
ensure this a systematic examination of all men before commenc-
'ing work and azain at stated intervals should be carried out.

Careful instructions to each new man as to tﬁe method of
'inflating his ears ald a warining to him not to enter the pres-
sure at any time’wﬁen he has pain in his ears, should always be
héld esséntial,and would do much to prevent ear complications.

Rules should be printed, advising rest after leaving the com-

Pressed air, and as to necessity of a rapid change into warm and




57

dry clothing. Lighting should be effected by electricity.
Candles contaminate tﬁe atmosphere by giving off 003 and smoke.
A mild stimulant (e.g. hot coffeg)should be provided¥ for the
nen on leaving the cold, misty atmosphere encountered during
the 'locking-out' process.

YII. Curative Treatment.

If the case comes under notice soon after its cormencement,
the treatment which should immediately be resorted to is recom-
pPression. For this purpose a medical air lock should be con-
structed. This can easily be done‘by.having an ordinary boi-
l;r fixed horizontally and a dnor fitted at one end. When this
is fitted with bunks electric light and fhe requisite air con-
Nections it makes a very suitable medical lock.

The patient should bhe placed in this and the pressure rapid-

-

ly raised until the pain is alleviated. If it is necessary to




raise the pressure to the full amount the patient has left, it
should be kent up for half an hour,or until relief is obtained.
If the symptoms have heen present for many hours,no relief is
usually met with}and it is useless continuing the pressure. The
exit should be effected slowly - in fact the patient should bhe
allowed to "leak-out" in about forty-five minutes.

Sometimes pain is so bad that hypodermic injections of mor-
rhia nust be given. Ergot, Salicylate of Soda, Digitalis,and
the application of the electric battery were all found to be

without result. ipigsastriec pain is usually relieved rapidly

by recompression - slighter cases yield to a carminative. Com
plications such as paralysis of the bladdsr and ¥ectum must be
treated as ordinary spinsl cases - prolonged administration of
strychwine is useful. Qases of ear disesase caused by entry into
compressed air in no way differ from the corresponding conditions

arising from other causes. Prolonged vertigo does not yield




easily to drugs.

Dr. Snell recommends that "wherever compressed air is soing
to be used on an extensive scale, a small hospital close at hand
should be provided. The painful necessity of counveying nen
sometimes dangerously ill to a distant hospital or to their
homes, would then be avoided."

Short account of Fifty cases wﬁich occurred at Blackwall Tun-
nel, -

These cases have bean selected from over two hundred similar
Ounes of varyiag dégrees of severity, not beCaﬁse they usually
Present peculiar oOr raﬁé features;but rather to illustrate the
similarity of ouset and course of the most common variety of sym-
ptoms causediy@compressed air. The cases of auditory vertigo

are detailed because so little has hitherto been said about

this symptom by writers on the subject.
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CASE I. '"Bends" Recompression D. left off work at 6 a.n.
Dec. 2211d4. after working the usual shift of 8 hours pressure 20
to 24 1bs. Twenty minutes afterwards he had pain in both kneess,
most severe in left knees also slightl& in thighs. Wo swelling.
Battery used. 7as put in medical air lock. Paig easier but
lésted for some hours. Seen at 11 a.n. No pain, Ho tender-
-ness.  Heart:apex, area and sounds normal pulse 84. pulse pres-
sure 7 oz. (measured by Batheil's elinical pulse'manometer) 1no
perspiration. Tiver: dulness in right nipple line‘was rela-~
tive ap’5th» rib,absolute at the 6th, and extended helow to the
costal margiu. Has only been working in compfessed air for
two days. Returned to work Dec. 23rd. at 2 p.m. He felt quite
well on leaving at 10 Perl.; but whein in bed, at 1 a.m., Dec.
24th., he had very severe pain in the right kunee, and some pain

in other parts of both legs; this was so severe that he re-
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turned to the works, went into the medical air lock-to full
prassure, but received no relief. _.He went‘in again, and came

out very slowly; ‘the vain was nmuch easier, and he returned to.
bed. Seen at 11 a.m., Deec. 24th. No additional physical sisgns;
no pain, no tenderness.

CASE II. - "Bends.'

c. r., ast. 35. On Jan. 1b6th, left off work at 6 a.m.
Pressure 20 to 25 1bs. Pain invlegs, mostly in kliees; came oOn.
at 6.1b6. This was slight at first, and he took little notice
of it, but the pain gradually becames worse until mid-day. He
had gone to Dbed at 9.30 a.m.; rubbed the knees with lin. tereb.
acet., and wrapped them up in flannel; but he was unable to
sleep. Seen in the afternoon. No swelling of legs; 10 phy-
sical sigms of disease.

Jan. 16th: Pain much easier, but not gone. Gets up, but

feels weak on his legs.




Jan 18th: VWalked to the works. Complains of weakness in;
lower extremities. Hés had slight giddiness. o alteration
of reflexes. |

Jan. 21st: Returns to work quite well.

CASE I1II.-"Bends." Recompression..

Jn. S., aet. 31, had worked nine shifts in compressed air.
Wo ill effects until April 7th,; hé then worked from 6 a.ﬁ. to'
2 p.m.? Pressure 19 to 25 1bs. A few minutes after coming

. :
out of the locks, at 2 p.m., and before he reached the warm
rooms, he had sudden pain in the left arm. | Went into medical
air lock:; was hetter While in, but the pain came on again when
he came out, and became worse after he arrived homne. Sean at
5. p.n. Very severe pain in the 1left arm, moétly abova the
elbow; no swelling; no particular tenderness. Morphia
(gr. &) and atropine (gr. 4o ) injected into the arm, and lin.

terebinth acet. rubbed in. He was better in ten minutes, and
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walked homne. (He ascribes his illness to the warm rooms being
cold, the steam being turned off on the two preceding days when
he left work, and he had t0 return home in wet clothes.)

April 8th: Tieft arm better, but still painful.

Aprii 10th: A heavy feeling in the arnm remaining.

April 17th: Returns to work. The feeling of heaviness in
the left arm has continued slightly until now. On re-entering
the compressed air to-day this feeling sntirely passed off, and
did not reappear oun coming out at the middle and end Qf the
shift.

CASE IVﬂ~“Bends.“ Recompreésion.

Geo. C., aet. 28, had worked in compressed air for about ten
months; ﬁad "hends" once soon after commencing, and was away

from work for three days. Active tunnelling operations were

temporarily suspeudsd on May 10th, and the "face" of the tun-

nel was more or less completely closed up. ¢. C., having fin-




ished his shift at'ﬁ'a.m., May 13th, pressure 19 to 23 lbs;,
had a pain in the right shouvlder one hour after coming out, the
pain ocecasionally radiating up to the right side of the neck.
Ho swelling; tenderness in the anterior part of the left del-
toid;‘ pale conplexion. The pain caused him to feel faint.
Lin. terebinth acet. was rubbed in, but the pain did not vecome

any easier during the course of the morning. At 1 p.mm. the

pain was severe, and he was put into the medical air lock and

"leaked out". IMorphia (gr. =-)injected; ext. ergotae lig.
mxx and carbonate of ammonia given by the nmouth. The pain was
easier in ten minutes. \

May 16th: Some pain in the right arm continues, though it
is much better: a sort of dull, heavy feeling remains in the
whole 1imb. Teinderness of‘the muscles of the arn; in the
fore-arm this tenderness is localised along the middle of the

front and back of the limb. R 1liq. strgechhinae niii, ac.




nitro-hydrochl. dil. mx ex aqua t. d. s.

lay 18th: Occasional shooting pains in the elbow, lasting
a minute or so.

(Two other men at work on*the same shift suffered slighter
attacks. These were the only three cases occurring during
this month.)

CASE V.-"Bends." Recompression.

-J. B. was working in Caisson No. 2 with J. V. (Case VI.)
from 6 a.m. to 5.30 p.n, with intermissions of half an hour
for breakfast and one hour for dinner. At 6.15 p.ra. he was
seiéed with pain under the left knee-cap,y"as if something was
pinching inside"; it soon passed to the back of the kaee, and
it was difficult for him to stand; the pain also went upwards
to'the laft hip; later, the right kunee, thigh, and hip be-

came affected. He returued home, but could gZet no sleep; so

on July 30th he sought medical advice.  He was then apparently
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in great pain, which came on in paroxysms, the legs becoming
vainfully rigid, and the body turned to the right side and
drawn downwvards. The "spasms" lasted from thirty seconds to
two minutes, and occurred frequently. Knee- jerks absent; no
paralysis; 10 head trouble; pupils equal; pulse low tension,

irregular in volume,and frequency. 84 per minute. He was carried

)
to the medigal lock, and the pressure raised; when this reach-
ed 5 or 6 1ibs. the pain became much worse. After this, és the
pressure rose, he gradually became easier. At 12 1bs. he was
free from pain. The pressure was maintained at this heizht fog
thirty-five minutes, both inlet and outlet cocks beinz open,
giving a current of fresh air. The pulse now became fulier

énd of a higher tension (96 per minute). The pressure was

then gradually reduced. The patient could stand and move his
legs without pain; the knee-jerks had returued. In thirty

=rad)

minutes more he left the lock, having been in sixty-five min-




utes . He wag much better, and could walk unéided, although
the pains had returned to a slighf degree.

Aug. lst: DMuch Detter. Walked to works from his home, a
distance of over two miles.

Aug. 3rd: Wo pain. Returns to work Aﬁg. 4th.

CASE VI.-"Bends."'

J.W. had been working in Caisson No. 2 since the'commgnée—
ment of thé use of compressed air there. On July 29th. he was
at work in that caisson wifh two other men at a pressure 0of 32
1bs.; this was before the whole of the water from the bottom_
had been forced out, and before active operations by larger
gangs fad commeinced. He remained nnder pressure for eleven

hours, from 6 a.m, to & p.m Three hours after coming out he

had a sharp pain in both kuees, and, after a short time, in the
right shouldsr and right elbow. The pain was so0 intense that

he was unable to stand. He was seen by a doctor, and on the




morning of thé next day came to the tunnel sursgery. He had
had scarcely any éleqp. The pain was confined to the joints,
and was of a sharp gnawing character. No swelling and no
discoloration; tenderpess on handling over the line of the ar-
ticular surfaces. There was a tender spot on the outside of
the right thizh 6 inches abdve the knee; the kunee-jerks were
absent; no vnain in the head; no deafness; tongue slightly
furred; pulse 90, very small and rapid, almost "wiry" in char-
acter. The patienf attributed the attack to getting his feet
wet the day before, as he had never_previously felt any bvad
effects of air work; and he said that the pains were like
"rheumatic" pains, which he had previously had. He walked
very lamely, supported by a friend.

R: Phenazoni gr. xl

sodii salicylatis 3

Tr. anurantii 3j

Aquam ad Bviii
m: Tiat mist. Sig.: '%ss. tertiis horis.

L




July 31lst:: Pain has left shoulder. Knees are slightly bet;~
ter. Better unight. Can now walk alone with a sticé.

Aug. 31st: Ihich better.

Aug., Arad: Slight}occasional pain in the knee.

Avg, 7th: No pain. FTesls all right. .

CASE VII.-"Bends." Recompression.

H. C.'had worked in the compressed sir of the tunnel for the
three wesks previous to July 30th. when the pressure varied
from 15 to 25 1Dbs. ‘On that day he was trausferred to Cais-

son Ho 2, where the pressure was 32 1lbs., and he worked from

10 p.m. to 5.30 a.n., July 3lst. Vhilst in the compressed air

he felt a gnawing sensation in the right shin, then in the right
arim, and finally it éettled in the 1eft shoulder. This was at
3 a.u. He remained in the compressed air till 5.30, and then
came out to seck medical advics, as he could not hold his tools

in his left hand. The pain became worse when in the open air.




He had experieniced similar pains two or three days previously,‘
but had disregarded then. When seen there was considerable
weakness of the left hand and arm, but not much pain. He was
taken into the medical‘lock. Vhen the pressure reached 12 1bs.
the pain became worse: after this it gradually improved until
\
a pressure of 19 1lvs. was reached: pressuré was then gradually
reduced to nil. He was in the lock forty minutes. He could
use his arm perfectly well, and only slight pain remained.
During treatrent in the médical lock he experiénced fo¥mication
of the left hand. (R lin. terebinth. acet’.
Aug. lst: Better. Some ﬁumbness of left arn.
Aug. 9th: Feeling of numbmness gone. Returns to work.
CASE VIII.-"Bends." Recompression.

%.B. had worked in compressed air for twelve months, and

never suffered from its effects. On July 31st, he was transferred
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‘from the tuni=l (pressure 16% to 231 1bs.) to Caisson Wo.2
{pressure 31 1bs.), and worked from 10 p.m. to 6 a.u., Aug. lst.
Half an hour after coming up he felt a pain in the right knee,
He had been wearing a leaky boot on that leg. He sought medi-
cal advice soon afterwards, and was at once taken to the medi--
cal lock. Pains slightly improved after half an hour in the
lock. (Lin. tereb. accet.)

Aug. 2nd: Better. Has occasional attacks of pain only;
these woke him up twice in the night.

'Aué.5rd: No pain. Can walk quite well, but has some stiff-
ness in legs. .
Aug. 10th: Returns to work, but elects not to again work in

ths caisson.

CASE IX.-"Bends.'

J. G., aect. 47, genarally works in the compressed air of




the tuninel. He then worked two shifts in Caisson ¥Yo. 2. He

finished the last of these shifts at 10 p.m., Aug. 8th,. Severe

pain came on at 11.45 p.m. in both legs, mostly in the knees.
Seen at 2.15 p.m., Aug.9th. Had had no rest during the night.

/
No physical signs. The left popliteal space is tender, and

to a less exteint the whole area of the left knee joint. Right

knea less teader. HMorphia and atropine injected subcutaneously,

.

ané lin. tereb.acet. rubbed in.

Aus. 10th: Pain a Iittls easier, but still severe. Com-
plains of weakuness of his legs.

Aug. 12th: Better. Some stiffness in the left calf. Re-
turns to work to-day in the lower pressﬁre of the tunnel.

CAST X.- "Bends." Recompressioil.

Jas. G., aet. 30, has Deel working in the compressed air
0f the tuunel gince the commencement. The last day or two he

has been in Caisson No. 2. His Jast shift he finishéd at 6
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a.m., Aug 10th. At .30 a.m. pain came on in both legs and

Poth shonlders - worse in the shoulders. Seen at ? a.m. Im
‘great pain, which was not eased by rubbiagg with 1lin. terebinth.
Put into medical lock, and pressure réised to 18 1bs; pain
had theu gone, and he was allowed to "leak out" in forty-five
minutes, at the end of which tine there was nd'returq of pain
in the legs, thdugh that in the shoulders was still present
to some extent. Thers was no swelling o§er the seat of pain.
Friction with l1lin. terebiath a%/et. was continved, and liquid
extract of ergot {(m 20) given every four hours.

Aug 10th: Pain still severe; has had no sleep. Pil.. opii
(gr.i) at nisht.

Aug. 1lth: Visited. He was out for a walk, but was said to
Pa 10t much better, and to have had io sleap.

Aug. 12th: Better. Some pain continues in arm and lez. -He
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describes the arm as being swolleh: 1o sweiling can,_however,
be seen.

Aug.14th: No pain. Returns to work.

CASE XI.-"Bends." Recompression.

E.H., inspector, has to be in compressed air frequently,
but not necessarily for a lonz time together. On Aug. 10th, he
was in Caisson No.2 from 4 p.m. to 7 p.m; pressure 32 to 35
Ibs. Aﬁ 7.40 p.m. pain came on in the lower portion of the baek-
he received é blow in the baék, he explained, some months pre-
viously - and in legs, principally at a point which was also |
Previously injured. Pain severa. Seen at 8 p.m. Put into me-
dical air lock. Pressure raised to 18 1lbs. Pain then gone at.
once. Allowed to "leak out" in forty minutes. Pain did not
return.

CASE XII.~ "Bends.' Recomprassion.




J.B. After his last illness, on July 29th, he returned to
work on Aug. 4th, working generally in the compressed air of
the tunnel. On Aug. 11th, he worked his third shift in Caisson
No. 2; pressurs 32 to 35 1lbs. Came out at 2 p.m. He then went
home, and had dinner; pain came On at 3.30 in legs, right arm,
and abdomen; vomited his dinner. Seen at 7.30 p.n. at the
works. Put into ﬁedical lock; better when pressure reached
18 1bs; no pain. Morph. sulph. (gr.%) and atropin. sulph.
(gr. 75 ) injected hypodermically. Allowed to "leak out"
~slight pain in right arm on reaching the open air. Felt giddy.
No physical signs of disease.

Aug 12th: Better. 3light pain about the knees still.

Aug 17th: No pain. Returns to work Aug 19th.

CASE XITI.-"Bends." Recompression.

T.R. aet. 26 (Aug 11th,), has been working in compressed air




since the mommencement, and for the last fortnight has been in
the Figh pressure of Caisson No.2, but has not until now suffer-
ed from any had effects. Left work at 10 p.m. On his way home,
o his

at 10.45 p.n, slight pain came on in,legs; this became worse
at 1 a.m., and continued throushout the night; and he "crawled'
down to the works in the morning- a distance of two miles. He
was seen at 6.30 a.m. The pain was said to be very severe,
though he was able to engage in a long conversation, quite ig-
noring for a time the pain. He was put into the medical lock.
No alteration in the pain. (sﬁfﬁn. terebinth acet.ﬁhlin.
aconit. aa)

Aug 13th: Better. No pain.

Aug 21st: Is af work again in Caisson Mo. 2, and complains
0f loss of éppetite.

CASE XIV.~ "Bends." Recompression.
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S.W. ,aet 44; has worked for eleven months in compressed a;r.
Works in the tunune] left off at 6 a.m., Aug. 12th. Pain came
on two hours after coming out, in botﬁ arms, neck, aqd chest.
(He had a pain pre¥ously on coming out‘to supper at 4 a.m.;
but went into medical lock, and was better, and returned to‘
work.) Applies for advice at 5.30 p.m., Aug 12th. Put into
medical lock, and allowed to ‘leak out". No improvement. Pain
said to be very severe; cannot walk well. No alteration of
knee-jerks; no physical sisgns.

Aug. 15th: Pain better, but gtiffness in legs remains.

Right knee-jerk brisk; ’no ankle clonus. Complains of numb-
ﬁess of feet. No anaesthesia.

Aug. 17th: Better. No pain. Returns to work Aug. 19th.

CASE XV.-"Bends." Recompression.

W.P. finished an 8-hour shift in Caisson No. 2 at 10 p.m.

Aug. 16,; pressure 31 to 34 1lbs. . Pain came on at 10.30 in
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the right thiszh and both groins. Applies for advice at 8 a.m.
next morning. Rubbed with lin. terebinth. Put into medicél
lock. Morphia (gr. #) injected hypodermically. No notice-
able difference in the pain.

Aug. 17th: Pain continues in right groin.

Aug. 24th: Only occasional pain.

Aug. 29th: Vell, Returns to work in tunnel.

CASE XVI.-”Beﬁds.“ Recompression. irgotinin.

D.E., aet. 30 (Oct 13th.) has worked in compressed air about
eight months. came out of compressed air at 10 p.m. to-day;
pain came on at 11 p.m. in left fore-arm; had no sleep during
the nighf. He refurned to the works the next mofning, and
went into the medicai air lock by himself at 6.30 a.m.; let
himself out in twenty minutes, and was uo better. Applies
for medical advice at 7.30 a.m. Pain then very severe. Ergoé

tinin (g%ggr,) injected hypodermically in left arm; within six-




ty seconds of the injection he states that he is "much better."
Oct. 16th: Some pain in left arm persists; it is worse now
in the left shoulder and left side of neck. Says the skin feels
tight. There is no swelling. A dréught of bromide of pot-
assiﬁm and chlora1 is given, to be taken occasionally.
Oct. 16th: After 15 grains of pot. brom. and + a drachm of
syr. chloral he slept from 2 p.m., Oct. 15th, to 12.156 p.m.,
Oct. 16th. Returned to work to-day quite well.

CASE XVII.-"Bends."

T.J.-, aet. 43, Not worked in compressed air before. Ex-
amined for this work Oct 15th, and passed. He was of robust
build, but not stout. Had ague some years ggo in Brazil, but
has otherwise been healthy. Went to work at 2 p.m.; had pains
in the ears and forehead on entering the compressed air: this

became easier when in; canme out for tea at 6 p.m. He then
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‘had pains in the legs; these disappneared on returning into the
conpressed air. Canme out at lOvp.m.; pain came on at 1l p.m.,
first in the féet, and afterwards in the legs, affecting prin-
cipally the knees. He had been ﬁearing thin boots, and his
feet had become wet. gent for advice Oct. 16th at mid-day; he
was then seen at his own home. Had had no sleep; the pain
was not much easier, though he had been using turpentine lini-
ment. No swelling of knees or other parts; no pain in ears,
10 deafness.

Krzotinin (sr.74s) by mouth followed by morphia (gr. &) after
one hour. Abliniment containing belladonna, aconite, and tuf—
rentine.

Oet 17th: Pain much easier; slight pain in arms and lezs.

3lept well.

Oct. 18th: Better. still some pain in arms, especially the
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right.

Oct 19th: Returns to work on Oct. 21st-outside the compress-
ed air. |

CASE XVIII.-"Bends.® Abdominal pain.

c.7., ast. 23 (Oct 21st,) has worked in compressed air for
three months:; has never has "bends," but has suffered from itch-
ing frequently after leavinévthe compressed air. Came out at
10 p.m.; felt well then. Had supper; went to bed; ‘slept

well until 6 a.m., Oct 22nd, when he woke up with pain in the

epigastrium. This was easier in two hours, after taking some
ginger. Seen at 11.30 a.m.; pain not entirely gone. A car-
minative mixture given.’ Returned to work at 2.P.1M.

"CASE XIX.-"Bends.'"
M.C., aet. 21 (Oct 23rd,) has been working in compressed air

. R : al
for six months; has not guffered from it until now. Qame out

at 10 p.m.; went home and to bed; wole up at 3-30 a.m. with
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severe paln in both knees; this prevented him from having any
further sleep, and he has been in great agouy since. He "could
not stand on his legs uﬁsupported because of the pain." Céme
to works for advice at mid-day. Seen at 12-30 p.m. in medi-
cal air lock; had Deen helped there by two men. Conhsider-
able pain and tenderuness in hoth knees and all round joints;
no swelling. Pulse pressure 6 0zs. Raised pressure to 16
1bs.; pain a little easier; allowed to "leak out"; fell a-
sleep while leaking out. This took forty-five minutes; he
then had slight pain only. Pulse pressure 7 0zs. A liniment
containing aconite and beliadoﬁna.

CASE XX.-"Bends."

W.J., aet. 45 (March 23rd.) has worked in compressed air
here for twelve months: has only had one slight attack of

"bends. * During the last three days he has worked three shifts

In Caisson Mo. 1; came out at 6 a.m., March 24th. Pain came

£
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on at 7.15 a.m. severely in‘both'legs, andhto a less extent in
the shouldefs and arms; he could not get any sleep, and the
pain was extremely severe. sent for advice, and was seen at

2 p.m. Pain as before described, and of an excruciating char-
acter, causing hin to writhe about in agony. Wo swelling; n1o
physical signs of ény sort, except tendernsss all over the

arms and legs on deep pressure.

R: Pil. opii gr. ss. st. et rep. post tertias horas s. 0. S.

R: TLin. terepinth & lin. aconiti & lin. camph. co. 3a.

‘March 25th: Still considerable pain.

March 26th: Much better; no pain, but considerable stiff-

n1ess about 1935.
March 28th: Returns to work.

CASH <XI.-"Rends." Recompression. J

N .
J.G., aet. 30 (March 25th,) has work in compressed air for
'&

nearly two years. Has worked in Ccaisson No. 1 since March 22nd.



Came out to-day at 2 p.m.; pain came on at 4 p.m. inﬁﬁﬁg.qft

shoulder and left arm. Seen at 6 p.m.; no physical éiéﬁ;;éﬁ
Put into medical air lock at 6.15 p.m., and pressure raised}to}.'
20 1bs.; no improvement in the pain while under pressure, and
he is allowed to "leak out" in half an hour. A rubefacient
liniment.

March 26th: Not much easier. Liquid extract of ergot
(n20) given every-four hours.

March 28th: Better. Gping to work on the 29th.

CASE XXII.-"Bends." gevere abdominhal pain.

J.J. M., aet., 38. mxanined for compressed air Feb 6th,. The
note made at the time of the examination was: "Never worked in
compressed air:( Has been a diver at Vera Cruz for seven months,
at depths up to 60 feat. Heavily built man (143 stones.)

Heart: apex, area, and sounds normal. Tungs clear. Urine:
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1no albumen. Pulse 84; pulse prassure about 8 ogs. Warned
that he is not a suitable man for compressed air work." - As he
was to be employed as a foreman, and his services were supposed
to be valuable, he obtained my consent to mo into the compress-
ed air for a short time on trial. He went into the pressure
for six hours {divided into two parts; pressure 20 to 25 lbs.).
Pain in the legs came on two hours after coming out. 0n the
following day (Feb 7th) he went into the "air' again for three
hours. The pain in his legs was easier while in the "air,’

but came on worse afterwards, as well as nain in the abdomen;

he then sought medical advice, and was again cautioned as to his
unsuitability for the work. Seen again on Feb. 8th; the pain
was then much easier. Oon Feb. 10th he commenced his first
shift of 8 hours, and finished at 6 a.m., Feb. 1llth. At 7 a.m.
he had very violent abdominal pain. Seen at 7.20 a.m. in med-

ical lock in very great pain. Pressure was turned on up to
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20 1bs. Morphiz (% zrn.) and atropine (7o grn.) were injected
hypodernmically, and some hot coffee miven. Vhen first seen no
pulse at ths wrist could be felt. Skin cold; face very pale.
He vomited onee, and his howels were Open while in the lock.

The compressed air was allowed to "leak out," taking thirty min-
utes in the process. Pain was then easier. The pulse improv-
ed iu about one hour. Pain returned slightly on movement. He
was wrapped in hot blankets, and hot bricks were placed to the
feet. At 10 a.m. beef tea given was at once returned; a small
quantity given later was retained. At no time could any phy-
sical sigis of any lesion be made out. At 1 p.m. he had nmuch
-improved, and was sent in a cab to the Seamen's Hospital. Seen
azain at the hospital at 11 p.m. He felt well, but looked

very pale. Tenp. 990.

Feb 12th (evening): Practically well. Abdomen said by
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Dr. Windsor, the housa physician,vto be "a little disﬁended,

No pain or tenderness; no signs of organic disease; slight
pain in‘right shoulder; no head symptoms." Left the hospital
on Feb. 16th well, and did not again express a wish to attempt
compressed air work.

CASKE XXIII.-"Bends." Recompressioh.

J.G.A., aet. 29, has worked in cdmpressed air for about two
years; has never had "bends" before to the smallest exteit. On
March 25th,bhe was working his third shift in Caisson No 1;
pressure 25 to 26 1lbs. Came out for tea at 5-30 p.m. Just
vefore emersging from the lock he felt a pain in tﬁe left knee,
which became worse on getting out. Rubbed with turpentine lin-
iment: no better. Applied for advice at 7.15 p.m.; put into
medical air lock, and pressure raised to 20 1bs.: no better;

alldwed to "leak out." A rubefacient and anodyne liniment was



88

given him, and he did not again report himself.

CASE XXIV.—“Bends.“ Recompression.

V.S., aet. 27, has worked in compressed air for six weeks,
and for last three orvfour shifts in Caisson No 1. Vas quite
well until the end of the 8-hour shift, finishing at 6 a.m.,
March 27th, pfessure 26 to 27 1bs., when he went home and went
to sleep, but woke up at 10 a.n. with a pain in the right thisgh;
there was no swelling. He was put into the medical lock at 12
noon; when.the pfessure was raised the pain was a little easier.
After "leaking out" the improvement was maintained, and he was
much more free from pain. Not seen again.

CASE XXV.-"Bends," following rapid decolpression.

W.F., ast. 37 (April 2nd, has worked in compressed air about
two years. Has had"bends' in the knees once orAtwice, but

this has never caused him to leave off work; was recently work-

i i i d n was transferred to
ing in Caisson No. 1 for ten days, and the



89

the tunnel two days ago (where no case of illness has occurre&
for over a fortnight). He worked from 10 p.m. till 6 a.m. (SrJ);
pressure 16 to 20 1lbs. WVhen coming oﬁt‘of the compressed air
with'several othér mnen he had no sooner entered the lock and
shut the inner door than one of these men signalled for the larse
cock (which should only be used during the passage of trolleys)
to be opened by the lock-tender on the outside. This was done.
W;F.very rmuch objected at the time and afterwvards. Soon after
coming out he had pains in the knees, and he ascribes the ill-
ness to the before-mentioned circumstance. He was given a
liniment, and did not again report himself.
CASE XXVI.-"Bends". Small, ill-defined area of anaesthesia.
G.C;,aet,zo (March 29th,) has worked in the compressed air
for about two years. Has worked in Caisson No.1l the last week;

no ill effects until to-day, when, one hour after finishing
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the night shift at 6 a.m. (30th) , pressure 27 to 29 1bs., he
had a pain in the right arm and right leg, and could get no
sleep; he had also a feeling of numbness in these limbs.
Applies for adviée 12.30 p.m.(31st). He has slight anaesthesia
over é part of the risght fore-arm, wrist, and hand, not well
defined. Pain principally in the right elbow now. Has a very
pale and pasty complexion. Examination of bhHlood by haemacyto-
meter shows 5,370,000 corpuscles in each cubic millimetre of

blood; haemoglobinometer shows 100 degrees of dilution - i.e.,

= .84 =the value of a nominal corpuscle.

April 2nd: Anaesthesia gone; some aching of the fore-arm
remains.

April 8th: Practically well. Returus to work.

CASE XXVII.-"Bends." (?) Crépitation in muscles.

T.J. had not previously worked in‘compressed air.' He was

examined for the work on April 8th, and rejected. 1In spite of

>
~ N
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his not being passed he worked in the compressed air of Caisson
No. 1 from 10 p.h. until 6 a.m. on the 9th; pressure 26 1bs.
Soon after leaving work he had severe pain in the shoulders

and knees, and sent for advice in the afternoon. Seen at

3.30 p.m.: apparently in great agoﬁy. There was 10 8swelling

of the painful joints, though they were tender. During the
axagmination a slight crepitation was felt in the substance

of the muscles above the righf knee; this could not be felt
again, and did not arise from the knee joint or its bursae.

April 11th: Bettar. Still has pain in thighs.

April 1l4th: Got out of bed for the first time yesterday.
luch better, but still has pain in the left knee and left
shoulder.

April 16th: Returns to work outside the compressed air..

CASE XXVIII.-"Bends." Pain in perineum, etec. Recompression.



G.C., aet. 28, has worked for months in the compressed air
of the tunnel. Has been working the last two shifts in CéiSSOn
No. 2. He came out at 6 a.m., Aug. 9th; pressure 31 to 32
1bs. Pain came on in the abdomen and chest at 7 a.m.; also in
both legs; afterwards it was most severe in the gréins, es-
pecially the left, and in the perineum. No difficulty in mic-
turition. Lives at Lewisham - a distance of four miles - and
had returned home when the pain came on. Returned to the works
later in the‘morning, as the pain did not cease. Seen at 2 p.m.
in the medical air lock. The pain was most intense in the peri-
neumn. Air‘turned on, and pressure raised to 20 1bs., and lin.
tereb. rubbed into painful parts. He was then allowed to "leak
out", taking forty five minutes in the process; the pain was
then easier, and he left to walk home.

Aug. 12th: Returns to work quite well.
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CASE XXIX.—"Bends,” fourteen hours after leaving compfessed
air.

J.K., aet. 25, was getting out of bed on the morning of Nov.
20th, - about fourteen hours after having left the compressed
air - in order to return to work, when he had severe pain in
the knees and calves. The calves were tender. .Seen at 2 p.m.
Nov 20th. The pain was less severe; he was up, and otherwise
feeling well. Has never had rheumétism. Heart: apex, 5th
intercostal space, % inch internal to left nipple line; car-
diac area of dulness normal, sounds normal. Pulse 96, regular;
Pulse pressure 10 o0zs. Lungs healthy. No swelling or discolo-
ration of knees or calves. He states that he had a precisely
similar attack two or three months ago, This previous attack
resembled the vpresent one in coming on fourteen hours after
leaving the compressed air, and in occurring in the knees and

calves.



94

Nov 21st: Much better; no pain.

Nov 23rd: Returns to work.

CASE XAXX.-"Bends." Swelling. Recompression.

J.A. ,aet. 38 (Aug. 16th), has worked in Caisson No. 2 for
tour shifts. Not worked in compressed air previously. Has had
an attack of "bends" after every shift, but has not previouSly
apnlied for advice. To-day he was in the caisson from 6 a.m.to
10 a.m., pressure 31 to 34 1bs., when he came out for breakfast;
vpain came on a few nminutes afterwards in the left arm and left
knee, Seen at 10.30 a.m. There is a diffused swelling of the
left upper arm - tender to pressure. Put into the medical lock,
and allowed to "leak out."' He was considerably better after this,
and was told to leave off work for a few days.

Aug 19th: Left'arm still painful. There is an ill-defined,
hard swelling in -the left arm about the insertion of the del-
toid, 24 inches in diameter in a lateral direction, deep in

the muscles, and apparently situated between the deltoid just
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_above its insertion and the bone; tendér on pressure. Tempera-
ture normal.

Ang 22nd: Very much better. Occasionai slight "catching"
pain in the left arm. Swelling in arm is still present,°but
is smallef. General health good.

Aug 24th: Slight pain still in left arm. Only a little
thickening remains about the insertion of the deltoid.'

Aug. 28th: Well.

CASE XXXI.-"Bends." Swelling near knee. Recompression.

J.H., aet.‘59, has previously worked in compressed air for
two weeks in Glasgow. Ixamined and passed for compressed air
work at the Blackwall Tunnel Aug. 213t,; It was noted that he
had very grey hair (he states that the zreyness came on before
he was 20 years old; his father was grey early, and his bro-
ther's children, under five, are beginning to have'gtey hairs!),

and also that he smelt of spifits; against the use of these



while working in the air he was warned. He commenced his first
shift at 10 p.m.; came out at 4.30 for breakfast:; half an
hour afterwards he had a pain in both knees. Seen at 5 a.m.,

and put into medical lock, and allowed to "leak out." (R 1lin.

terebinth acet ® lin. aconiti 3a.) 1 p.m., pain worse again.
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(Pil. ipecac. co. gr. v. st.) 5 p.m., slightly easier, but has

had no sleep. Has slight tumefaction on inner side of left
knee. Sent to Seamen's Hospital.

Aug 27th: Came out of hospital feeling nearly well. Vas
treated there by morvohia injections. No swelling of left knee
now, On the lower and imner side of this joint is a small
blue (?'ecchymofic) patch half an inch in diameter.

Aug. 31st: Siiéht stiffness in both knees.

CASE XXXII.-"Bends."' (?) Swelling.

P.A., aet. 29. Not worked in compressed air.  Examined
and ﬁassed March 30th,. Vorked his first shift in Caisson

No 1, from 2 to 10 p.m.; pressure 27 1lbs. Immediately after



coming out he had severe pains in his legs, and could not walk.
He remained in the warm room on the north side rubbing his legs
with some liniment until 2 a.n. (31st), when he was carried
through the tunnel to see ne. At 2.15 T put him in the medi-
cal lock; the pain in the legs was then extremely severe. NoO
rhysical signs. The pressure was raised, and he improved a
little. He had half a grain of morphia; was allowed to "leak
out" in forty-five minutes, and was then driven hone, and re-
commended to use a liniment containing equal parts of lin. ter-
eb. acet., lin. sap., and lin. camph. co.

March 31st: BEasier, but still has some pain. Has had no
sleep.

April 2nd and Srd: Better, though there is a great deal of
deep tenderuess about the lower part of the left thigh; the
tenderness seems to be in the bone.

April 7th: Right leg free from pain. In the 1left leg, 4

o

inches above the external condylé of the femur, is a small,
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soft, ill-defined, tender swelling, quite subcutaneous, and not
fluctuating, at the back of the ilio-tibial hand; also tender-
ness ét the insertions and origins of muscles about the knee.
He has been taking ergot mixture; he now has mist.~}er.v6.
strych. He states that two years ago he had a vein blocked in
the situatioh of the above-mentioned swelling, and he was ill
in bed for a week afterwards. Throughout the remainder of the
moiuith he complains of stiffness in the legs; there is no nain.
The swelling had remained as before, thoush the tenderness had
gone; 1t was dDropably venous in origin and of long standing,
though 110t noticed or drawn attention to at the commencement of
the illness. He does not again work in compressed air.

CASE XXXIII.-Synovitis of right knee joint.

H.J.L., aet. 22, has been working in Caisson Mo 2 for three

shifts. Mot previously work in compressed air. Finished thre

third of these shifts at 2 p.m., Aug. 11th,; pressure 32 to 35



lbs; he then, in the afternodn, walked about Victdria Park and
neighbourhood for several hours. At 5 p.m. he felt é pain in
the risght knee. He had not sustained any injury to the knee.
Applied for advice Aug. 12th. There is excess of fluid in the
rigsht knee joint; tenderness around that joint. Is not ac-
customed to long walks. Vool and bandage to joint.

CASE XXXIV.-Paresis of the legs.

V.R., aet.37 (March 26th,), is a painter and decorator but
through lack of employmeunt has heen working in the conmpressed
air of the tuunel for ten weeks; he was then working in the
open air for two weeks, and then for three shifts in the higher
pressure of Caisson No. 1. The second day after beginning work
in the compressed air he had pains in the legs after leaving
work; these soon passed off, and he suffered no further ill ef-
fects while working in the tuninel. After the first two shifts

in the caisson he was free from illness. The third shift was

99
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from 10 p.n., March 26th, to 6 a.mn., March 27th; pressure 26

to 27 1bs. About five minutes after leaving the lock he had
pain in the ahdomen, followed by numbness and weakness in the
legs. After walking a little way the weakness in the legs in-
creased; he could not walk at all, snd he was carried home, a
distance of two and a half miles. In the evening of that day
he sent for a neighbouring medicai man, and the following day
for me. I saw him at 3.4H p.m.; he then had a distended vlad-
der and incontinence of urine; had had no voluntary micturition
for thirty-three hours; there was great weakness in the legs,
and he could only just stand on them; knee-jerks very brisk;

no ankle elonus; no anaesthesia; consfipation for two days.

| He was catheterised, and admitted to the Seamen's Hospital. The
urine then contained a trace of blood and albumen, but this dis-
appeared in two days. He left the hospital on April 2nd;' he

could tren walk fairly well, but had little or no control over
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the bowels or bladder, and micturition was frequent. Mist fer-
ri. € strych. was given énd continued.

ﬁay.4th: Legs not quite so well as they were; has to "thro&"
-the left leg forward in walkiné.

IMay 24th: Has frequently a éensatiOn of pins and needles
and numbness in left leg from kiice downwards. No anaesthesia.
Troubles with micturitipn, and defaecation slightly improved.
Complains of loss of sexual power. No weakness of the legs
remains.

CASE XXXV.-Paraplegia.

C.H. aet. 34 has worked in the compressed air at Blackwall
all the time that it has bveen in use, and has never suffered
from it. On Jan. 15th, he came out at 9 a.m. for breakfast
(having been in a pressure of 20 to 22 lbé. for three hours).
While walking to the cage he felt a pain'in tﬁe situation of his

belt, and, thinking the belt was too tight, he loosened it; the
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vain was not altered thereby, was like a tight band round‘the
body, and very severe. He ascended in the 1ift. Wheu.at the
top he found he could not walk, and was carried to the medical
air lock, aud his legs rubbed with turpentine liniment. Vhen
seen medically he was>f0und to have total paralysis of the legs;
counld not make the slightest movement with eithef of them;

both knee-jerks absolutely absent; also the cremasteric, ab-
doninal, and epigastric reflexes. Severe pain in the abdomen;

1o anaesthesia. Morvhia (gr 4) given hypodermically. Comn-

pressed air turned on. WVhen at about 19 1bs. pressure the pain
was easier, and some voluntary movements of the legs could be
effected. He was allowed to "leak out," the process taking
forty-five minutes. The nmarked improvement was maintainedy he.
could stand, but could not walk. Slight evidence of knee-jerks
on both sides. No abdominal pain. Sent home in a cab.

Jan 16th: Considerably better. Has more power of movement

in the legs. Knee- jerks both present and more perceptible.
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Between 11 a.m. and 12 noon yesterday, when he had been put to
bed, severe pain éame on in the right leg throughout its whole
length; this kept him awake; also yesterday, later in ths day,
he had considerable difficulty in micturition, which was however,
surmounted at lensth without medical assistance. Constipation
lasted thirty-six hours. (Fxt. ergotae liq. mxv. every four

hours.) A rubefacient and anodyne liniment and aperient pill

recommended.
Jan. 18th: Can walk, but is weak on his legs. Right leg
feels to him numb, but there is no anaesthesia. Thinks that

‘the left leg is stronger than the right. Left kaee-jerk is
more marked than the right.

Jan 22nd: Better. Walks well. Knee-jerks now not obtain-

ed even by Jendrassik's method. No trouble with bladder or
rectun. A few days later he returns to work.

CASE XXXVI.-Retention of urine.
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W.h. has been working in compressed air three or four months.
Had "bends" once or twice in joints, but never‘sufficiently se-
verely to prevent his returning to work the, following shift.
Was working Feb. 9th, from 6 a.m. to 2 p.m. Pressure 21 to 27
1bs. Applies for advice later in the day, complaining of re-
tention of urine. No other symptoms. He is catheterised;

1% pints of urine drawn off; and no organic cause for the re-
tention is discovered.. Urine normal.

Peb. 11th: No further retention.

CASE XKXVII.-Auditory vertigo.

J.R., aet. 27,‘foreman, had worked in the compressed air at
the Blackwall Tunnel sincé the commencement, and previously at
the Hudson Tunnel. On Aug. 3rd, after working in Caisson
No. 2 (pressure 30 to 32 1lbs.), he was affected with pain in the
"left side and front of the body" and in the limbs; also he

noticed that he was deaf in the left ear, and heard noises in
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that ear. He went into the nmedical air lock; had the pressure

raised, and came out slowly. The pain had gdne in two hours.
He did not seek medical advice until Avs. 5Hth, when he came}
complaining of his deafness. Wateh with the right ear was heard
at a distance of 2 inches, and with the left not heard at all.
Toud tuning-fork on the left mastoid not heard at all in the
left ear. Nothing abnormal seen by speculwas. The ringing
noise in the left ear has continued ﬁntil 10w, There is slight
ziddiness on rapidly noving the head to the right or the left -
nore, ﬁgwever, on moving the head rapidly backwards. Can walk
perfectly straight. {He states that he had a similar, but
worse, attack of giddiness while working at the Hudson Tuinel;
he did not, howevér, theﬁ notice any deafness.) No'history of
previous illness of any sort. Fe undertook tp report himself
again in two days time: this he did not do. He was next seen

on Sept. 9th at work in the compressed air, where he had been
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working since the>previous note, He "thinks the deafness is
somewhat better.' He has no giddinesé, but econtinues to have
noises in the left ear.

CASE XXXVIII.-Auditory vertigo from too rapid compression.

R.T.. works as a fitter, and is only occasionally in the com-
pressed air. _ On Aug. 2nd, he was employed fitting smaller air
cocks to the lock of Caisson No. 2., the pressure at that time
being 31 1bs. He had temporarily stopped up the hole, where
the inner cock had been, by a plug of wood; the imner door was
closed, the outer half open; he and a boy were together in the
lock, and therefore under the normal atmospheric pressure only,
when, either through accident or ignorance, a man on the inner
side of the'inner door knocked out the wooden plug. The lock
was suddenly filled, through a comparatively large hole, with
compressed air. Herand the boy were knocked by the violence of

the air against the outer door, which was thus closed, and the
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pressure was raised in a very few seconds to 31 1lbs. above the
normal. The boy is said ﬁo have felt no ill effects. The man
was temporarily affected with pain and noises in the right ear
and giddiness, which soon passed off; he hecame also suddenly
deaf in the right ear, for which he did not seek advice until
Augz. 9th. There was then no tinnitus, 0 vértigo, and no pain.

He could unot hear a watch at all with the right ear, and with

the left only at a distance of 3 inches. A tuning-fork on the
forehead was heard "equally distinetly in both ears." Both tym-
panic mnemhrales seen cleariy; cones of light normal. At the

upper part of the right drunm was a dark area (?_congestion or
haemorrhage). ﬁo perforation.

Auz. 19th: Slisht occasional pain the last week in the right
ear. Watch: right ear,} inch; left ear, 5 inches. Tuning-
fork on forehead best heard on the 1éft side. The dark patch

on the right drum has disappeared. (Ext. ergotae liq. mxx. ter
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die, 5 days.)

CASE XXXIX.-Auditory vertigo.

®.W., aet. 30, had worked in the compressed air at the Black-
wall Tumnel since the commencement - ‘that is, for twelve months.
He had not suffered from its effects. He had had pneumonia two
.years before; no syphilis or other illness. On July 9th. he
conpleted an eight-hour shift at 2 p.m. (pressure 16 to 19% 1bs),
and had left the works to 70 home, He had gone about two hun-
dred yards, when he felt suddenly giddy, and would have fallen
if he had not heen caught by two dfher men; this occurred at
about 2.456. He was brought back to the works, and seen at 3 p.m.
“He could not walk at ail Ly himself; if he attempted to do so
he staggered to the right. He could not hear a watch with the
right ear, even when touching, nor a'loud tuning-fork on the

rizght mastoid process,vexcept with the left ear. 3light sub-

jective noises in right ear. Nystagmus both lateral and rota-
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tory. Surrounding objects appeared to him to be moving to the
left, bhut irregularlyvso. (mxt. ergotae liq.ISJ st.) He was
at once taken to the medical air lock, and the pressure raised
to 15 lbs. There was an immediate improvement in the vertigo,
but none in the deafness. He could then stand by himself, and
the nystagmus was not so pronounced. He was allowed to "leak

' taking about one hour in the process. There was no in-

out,'
crease of the vertigo in consequence of coming out. He was
then sent home in, a cab. (Ext. erzotae liq. mxx. quartis horis
sumendum.) o diseass of the viscera.

July 10th: Watch - left ear, 3 feet; right ear, 6 inches.
Tuning—fork on forehead best heard in left ear. Giddiness
much less.

July 11th: No giddiness even on movement of the head in any

direction. No nystasmus. The improvement was so complete

that it seemed that he would soon be able to work. A relapse,
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however occurred. The vertigo came on in short irregular at-
tacks every few days or so. Slight rotatory nystasmus again .
appeared, and he suffered from continual headache; the deafnéss
in the right ear became also slightly worse, and he could only
hear the watch at a distauce of 2 inchés. On account of the
nystasmus, if he fixed his eyes on air object for a minute the

sight became din. The ergot was discontinued on July 19th,

i

and bitter tonics given, followed afterwards by iron, arsenic,
and strychnine. A Dlister hehind the right ear had no effect.
On Aug. 29th. I noticed that the right pupil was larger than the
left, and that there was slight external strabismus of the right
eye. On further exaning the eye I found that the vision on
’the right side was very defective, and that he could only just
count fingers with that eye. He had not complained of this

before, but stated that he thbught the right eye had been dim

for the last twd days. There was no organic lesion of the fun-
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dus oculi, but there was a high degree of myopic astigmatisn

(56D), which one would suppose must have heen of 0ld standing.

The man had been a soldier, and had used the right eye for

shooting, but had not noticed that the sight was defective.

In November the headache was more severe, and he was in a
very nervous and tremulous condition.' Vhen writing he was trou-
bled by severe trembling of the right armn. Syr. ferri, quin-

;: inae et strychininae phosphatis was given, 1 drachm three times

daily. The vertiginous attacks were diminishing in frequency,
andé in January he went to the seaside for two months.

Saptenber 18th,: During the last eight months the vertigo has

only been occasional, but his general health has been very much

impaired, and he has suffered greatly from rheumatism. After

several sojourns in the country and at the seaside, he is now
fairly well. The defect in hearing on the right side continues;

the giddiness is trifling and rare, and it is confidently anti-



112

cipated that recovery will bLe complete.

CASE XTi.-Auditory vertigo.

G.H., aet. 36, engineer, had been working in the compressed
air at this tumnel since the commencement. From the nature of
his work he was not usually called upon to be under pressure for
longer than two or three hours at a time. On Feb. 11th, he
renained in for four hours, & longer time than ever before; the
pressure was also higher than on former occasions (zs%gto 27 1bs).
He came out of the air at 3.30 p.m.; he had then had 1o food
for seven and a half hours. He thousht that he came out quick-
er than usual. He then had a hurried meal. I saw him at
4.10 p.1u.3; he was then all right. Half an hour later he felt
a "deafening sort of sensation" in both ears, lasting a few.sec-
onds, and most noticeable in the right ear. He heard sone
ringing noises in the ears, became giddy, and woula‘have fallen.

He was at once sent home iia a cab. The Aeafness then had =one;
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the only symptom domplained of was zgiddiness, which was worse
on movement or turning round. He felt that the head was mov-
ing round to the right occasionally, wheﬁ it was really station-
ary. By Feb. 14th. the giddiness had nmuch improved, thousgh it
had not then disappeared, The head still occasionally felt as
though it were moving to the right,especially on excitement.
The right pupil was smaller than the left: this was said to
be always the case. The tendency to fall was always to the
right. Hearing the same on both sides. From this time the
vertizo rapidly disappeared, and in three weeks had practically
Zone. He was advised not to again ehter the compressed air;
this, however, he did on many subsequent occasions, making his
so journs as short a circumsfances would permit, and he did not
asain suffer in consequence.

CASH X4LI.-Auditory vertigo.

Joseph H., aet. 24, had workad in compressed air for some
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months. On Jan. 12th, at 2 p.m., he finished a shift of eight-
hours (pressure 20 to 25% 1bs.). He walked home - a distance
of one mile; went up to his bhedroom at 3 ».m. to change his
clothes; he felt well at the time, but giddiness suddenly cane

on, and he fell down, and had to be put to bed; he felt quite

helpless. There was 10 uncounsciousness, and he was quite ra-
tional. If he sat up in bed he was giddy, and fell backwards.
Vo malaise. Sent for medical advice on the 14th. He was seen

oﬁ that day sitting up dowastairs. The giddiness had lessen-
ed; there was 10 vertigmo while remaining still; if standing’
arect and still, there was no vertigo and no ataxia; if the
head was then moved forwafds or backwards, there was no vertigo
and no ataxia; 1if the head was then moved forwards or backwards,
there was no vertigo: this only came on when the head was ro-

tated laterally either to the right or to the left, and nmore

especially when the movement was to the right; and then the ver-
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tigo was so great that he collapsed at once into a chair behind
him. The reflexes were normal. There‘was then no deafness,
no tinnitus, and no nystaggus.

Jail. 1bth to 18th: Vertigo gradually improving. Left pupil
slightly larger than right; ©»oth pupils react to light and ac-
commodation. Ophthalmnoscopic examination resveals nothing ab-
normal.

Jan. 21st to 23rd: Can now walk auy distance without assis-
tance. Appetite has De=an good all the time. Advised not to
work again in compressed air. He was seen by me so working on
Jan. 30th: he had been so engaged for about five days, and had
‘not suffered in consequénce. 'His further working in the air
was prevented. ‘ ' -

CASE XI,II.-Auditory vertigo.

John H., aet. 24. Examined for compressed air work March

25th,. The note made at the time of examination ran thus:-
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"Jever worked in compressed air. Heart area and sounds nil.
Tungs normal. Liver, relative dulness at 6th. rib, abéolute at
7th. rip in left nipple line, not extending below the costal mar-
gin; cutaneous veins over the ensiform cartilage enlarzed. U-
rine, no albumel. Has just 1eft the service, where he has been
for seven years. Six years ago he had 'ulecers on the penis,’
but no subsequent counstitutional symptons." He was passed for

compressed air work, aund completed his first shift of eizht-hours

at 10 p.m., March 27th, the pressure being 20% to 24% 1bs. He

g

had some slight inconvenience with the rizht ear while #oin

-

throuzh the lock, but no actual pain. On arri?ing in the com-
pressed air he felt giddy; the giddiness lasted two or three
minutes, but was only slight. He went to his “pocket," and pro-
ceeded with his work. His nose bled a little soon after getting
in, and continued to do so slightly for some time. Instead of

going out at half time for his meal, to avoid becoking giddy
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again he remained in the compressed air, having’something to eat
while there. He perspired profusely. On coming out throuszh
the lock he had noises in the right ear, but no inconvenience,

He bzcame very giddy soon after leaving the lock and before reach-
ing the elevator. He was then assisted home by his brother;
went to bed, and vomited blood (? less than a teacupful); gid-
diness, noises in the ear, and deafness remained. e did not
sen‘ for medical advice before the morning of March 29th. He
was then found in ved. The vertigo camne on when sittinz upr or
walkinz; there was a tendency to fall to the right. on walkine
on the morning of the 2%9th he had had pain in the rizht knee,
which persisted mora or less for twenty-four hours. Pulse 72;
pulse pressure (1easured by Batten's clinical pulse manometer)

9 ozs. s0ft-ticking watch heard by the left ear at a distance
of 1 inech; not at all with the right ear. Slizht tenderness

under the right exterinal auditory meatus. Vateh on risht front-



al eminence heard only in left ear. Only subjectivé noises
heard in the right ear; riéht drﬁm normal. By holding nose
and blowing, air is forced into left tympanum, but not into right.
Knee-jerks active. Constipation.  (Pil colocynthidis et hyos-
.eyami gr. x. st.) The noises in the risght ear hesan as soon
as he came out of the lock; the giddiness commenced when he was
half way towards the 1ift (i.®., he had walked about 100 feet).
Ho ataxy. Optic discs normal. |

March 30th: There is a subjective feeling that the head is
moving to the right. Loud-ticking watch just heard when touch-
ing the right ear and when 5 inches from the left ear.

March 31st: Loﬁd-ticking watch - left ear, 1 yard; right .
ear, 1 inch. Gardiner Brown's tuning-fork on bridge of nose
is heard for five seconds longer than the vibrations are felt by

the finger, indicating middle or external ear disease on the left

side. (Potass. brom. gr. vii. ter die.)



April 2nd: Soft-ticking watch - left ear, 1 yard; right
ear, ¥ inch. Gardiner Brown's tuning-fork test of laft ear
=o". The giddihess is bfought on by nuick movements, and more
by a sudden movenment of the head backwards than hy any other
movement. There is a subjective feeling of dppression, as if
a weight were hung at the back of the neck. A movement of
the head suddenly to the right is more liable to bring on gid-
diness than a similar movement to the left.

April 11th: The giddiness is less; 1t only comes on when
moving the head rapidly, especially backwards.

April 16th: Hearing normal in left ear; on right side it
is the same as before. (Pot. brom. gr. x. ter die sum.)

April 23rad: Hearing on right side has improved; soft—tick—‘
ing watch heard % inch from ear. Slight imﬁrovement in giad-
diness.

May. 2nd: Intervals between attacks of giddiness of longer




duration.

May 8th: Tobacco smoking has brought on ziddiness once or
twice. Advised not to smoke. = (Ext. ergotae liq. mxx. ter
die sum.)

May 1bth: Says he is much better since the Sth. (Ext. er-
gotae liq. mxv.; 1liq. strychninae miii.; 1iq. arsenicalis mii.
ex aqua ter die swunm.)

June 1lst: NoO giddiness for the last two weeks.,

June 8th: The.tinnitus on the right side continues, but
not so loudly as at first. Hearing the séme. If he stoops
for any length of time the giddiness returns.

Juiie 18th: Vertigo sone. WValks out every day. (Ergzot
stopped.) He now resumes work agaim - not in the compressed
air.

Oct. 13th: Has had no return of the vertigo. The deaf-

ness in th%right ear has not improved; he still has noises in



that ear, but is able to disregard them.

CASE XLIITI.-Auditory vertigo.

J.T., aet. 27, had worked in the Blackwall Tunnel about six
nonths. He was on his way home after haviﬁg worked in the
compressed air at a mean pressure of 23F 1bs. fromvlo p.n. ,
Oct. 18th, to 6 a.m., Oct 19th. He had covered about two
miles when he suddenly felt giddy, became faint, and would have
fallen had it not been for others who were walking with him.

He experienced a sudden noise in his left ear, and became quite
deaf in that ear; surrouading objects appeared’to him to be
moving round. He had a slight aching pain in his left knee.
He was then taken to the Seamen's Hospital. Vhile he remained
in the hospital he came under the care of Dr. Curnow, who pub-
lished an account of the case in the Lancet of Nov. 10th, from
which the following extract is made:- "On admission there was
no sign of organic disease of reart, lungs, or abdominal vis-

cera. He was in a very collapsed condition, with great pal-



lor, and a cold sweat over the forehead. Pulse 56; tempera-
ture 960F., and respiration hurried. He was in a tremulous
condition, and unable to stand. He complained of intense gid-
diness, which was not influenced by position. e had loud,
ﬁooming noises in his ears, particularly the left, uninfluenced
by inflation of the tympanum. He vomited repeatedly when the
attack came on, and the sickness lasted about twenty-four hours.
There was horizontal anystasmus, especially when the eyes weré
directed to the right; also a small amount of vertical oscil-
lation in both eyes. On the left éide a loud-ticking watch
could only be heard when touching the mastoid process; when
held on the forehead it could be best heard with the right ear.
Both tympanic membranes intact. No oculo-motor paralysis;
pupils reacted well to light and accommodation. Ophthalmosco-
pic examination revealed nothing abnormal. V'Tastevand smell

unaffected; no headache. Reflexes normal; no paresis; gait



uncertain and hesitating;vno ataxia. Whén walking the patient
evinced a tendency to reel and fall. This tendency was al-
ways to the right. ¥With his eyes closed he stood‘alone, but
was uinsteady. He remained in the hospital a few weeks. His
general condition improved, but the vertigo, nystagmus, tinni-
tus, and deafuness, did not materially diminish; he remained.
uiiable to walk across a room without sunport. The giddiness
was always increased by rapid lateral movements of the head."
After leaving the hospital his condition remained stationary
for months. He went into Norfolk to live.

ﬁov. 9th: Considerable impfovement. Could walk easily
across a room without help or supprort, but could not walk a
distance out of doors in the same way. Complete deafness in
the left ear continued, and some tinnitus on the same side.

March 5th: Considerably better. Could walk long distgnces-
e.z., ten miles - out of doors with the help of a stick.

June 30th: Has recently been acting as a night watchman at



the Woolwich Ferry, but as the rocking of the pontoon frequent-
ly occasions a return of the vertigo he has been advised to
discontinue the employment. (This he subsequently did and

is now in receipt of a pension, being unable to obtain light

work. Oct. 1886).

CASE XLIV.-Auditory vertigo.

V.D., aet.21, has worked in the compressed air of the tun-
nel for three weeks; he then worked in Caisson No. 1 for
two shifts. Came out at 6.20 a.m., March 24th, preésure 20
to 22 1bs., and had a slight pain ten minutes afterwards in
the rizsht knee. He sat down in a chair on arriving. home (close
to the works), and thinks he went to sleep. He woke up at 7
a.n. , stood‘up, became excessively giddy, fell down on the
floor, and vomited. Sent for gdvice, and was seen at 2 p.n.
The vomiting has persisted until now; the giddiness is sliéht—
1y better, but becomes worse on moving the head backwards or

to either side. No tinnitus aurium. Watch is heard in the
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right ear at 1 foot, and in the left at 2 feet; placed on
the forehead it is best heard in the right ear. He states

that he has had a difficulty with his ears on going into the

éir the last two shifts because of a “cold»in the head."
This difficulty was worse the last shift - i.=., on going
gnto the caisson at 10 p.m. {(23rd)- and the pain in the fight
ear persisted to some extent while in the compressed air. The
pain in the right knee is not severe, and there is no swelling.
Pupils equal. There is slight nystagnus. No ataxy. Pﬁise
102; temperature normal. Digitalin (gr.753) given at once,
and a rubefacient liniment applied to the knee.

March 2bth: Vomiting has ceased, and the vertigo is not
quite so severe. No appetite.
March 26th: 1is now sitting up. The vertigo is less, but

comes on when the head is moved rapidly in any direction. No

tendency to fall in any particular direction. Wateh: right
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ear, 1% feet; 1left, B8 feet.

March 28th: Much the same.

March 30th: Considerably better. Vertigo only occurs on
moving the head rapidly to one side.

April 2nd: If after stooping he raises his head suddenly
he is giddy for a moment; otherwise there is no vertigo.

April 9th: Yesterday he felt so well that he was return-
ing to work, but the vertigo returned; he had also great pain
in the back of the head. The nystagmus has now disappeared.
Hearing normal. Has been taking’an iron mixtﬁre for the last
fortnight.

‘April 18th: No vertigo remains. Returns to work, but is
not again allowed to work in the'compressed air.

CASE XLV.-Vertigo: probably auditory.

c.W., aet. 29 (March 26th,), has worked in compressed air

of tunnel eight or nine months. Recently has worked three
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shifts in Caisson No. 1. After the first shift he had a slight
attack of "bends," which kept him from work for one shift. |
After the third shift, which he completed at 10 p.m., !March
26th, he had pain in the gbdomen immediately on leaving the
pfessure (26 to 27 1bs.); also retching, but no vomiting. A-
bout one hour afterwards he had giddiness. Remained in bed
until March 28th, not reporting his illness; he then caused
himself to be assisted to the works. When seen he complained
of giddiness only. He could not walk or even stand unassist-
ed. There was lateral and rotatory nystagmus. A watch was
heard at a distance of 3 feet with both ears. No tinnitus
aurium. No albumen in the urine. Nd other signs of disease
found. | An ergo£ mixture was prescribed.

March 30th: Not much difference in his condition. Vertigo
is made worse o1 moving the head round to the right or the

left, but not by moving it backwards. Nystagmus slightly less.



No other eye symptomn. _ Tuning-fork on forehead is heard équal-
ly in both ears.

April 2nd. aﬁd 3rd: Better. Can walk by himself.

April 4th: An iron mixture ordered.

April 11th: Vertigo gone. Slight headache.

April 27thf Headache persists, but is otherwise well. He
goes into the country, and after a rest obtains employment
there. A subsequent report states that he'has quite recover-
ed.

CASE XI,VI.-Vertigo: probably auditory.'

J.J., aet. 24, has worked in compressed air for six months.
Had an attack of "bends" after working in Caisson No. 1 on
March 26th, which caused him to lose two days' work. On April

5th he had worked about ten shifts in this caisson, and he

left work at 10 p.m. At 11 15 he felt "blind and giddy," and

would have fallen if not held. He went home, andXEXX¥N¥KE re-



mained in bed until April 8th. The next day he sought medi-
cal advice. He has noticed no deafness and no noises in the
ears; has had 1o trouble with his ears on going through the
locks. Watech is now heard at 2 feet in right ear, and a§
4 feet in left ear; on forhead it is best heard in right ear;
no sisn of disease in either ear. Vertizo is still present,
and is esrecially brought on by latéral rotatory or verticél
movements of the head. Mist. ac. sulph. dil. & strych. given.

April 13th: Vertigo better; diséppears entirely on lying
down. ﬁearing the same, and good on both sides. No other
symptom of any sort.

April 1léth: Giddiness has quite disappeared.

‘CASE XLVIi.—Temporary unconsciousness.

Jn. C., aet. 21, has worked in compressed air for nine
months: recently in Caisson No. 2. FPinished a seven-hour

shift at 5 a.m., Aug. 24th, (pressure 32 to 34% 1bs), and then




went to do some work outside. At 5.45 he felt a pain in the
forehead, and then he appears to have become unconscious, or
partly so, and "to have torn his hair." He was brousht over
to the south side in a boat, and vut into the medical lock,
where he was seen ledically at 7 a.n. during the process of re-
compression.r Pressure had then reached 3 1lbhs. only. He was
normai in every apparent way. Pressure was raised to the full
extent-about 20 1bs. He "leaked out," and then walked home.
He is & teetotgler, and smokes very little.

Aug. 26th: Feels quité well, and has done soO since he came
out of the medical lock on Aug. 24th. Haviug come out of the
"air" one hour earlier than usual on Aug 24th he had had no
coffee; Dbut he had done precisely the same on the'previous day,
and had not then suffered in consequence. He states that he
has occasionally had, after returning home from working in Cais-

son No 2-i.e., half an hour after coming through the locks - a



slight blurring of thé sight, and has 'seen stars; had no pain

in the forehead on these occésions. Has never had any trouble

with his ears. .
Aug. 28th: Réturns to work in the tunnel to-day, and not-

-in the higher pressure 0f the caisson.

CASE XLVIII.-OEdema of scrotum and abdominal walls.

C.A., aet. 27, has worked for considerable time in compressed
air both here and at the Hudson River tunuel. On Aug 5th,~ﬁé'
applied for advice concerning oedema of serotum, front and sides
of abdomen, and slightly of legs, which he noticed on the pre-
vious day after working in compressed air. The scrotal oede-
ma is considerable. No disease of heart, kidneys, or liver..
Nothing abuormal found in the abdomen. ﬁe had an attac# of
"bends" on Aug. 1lst, for which he'did not seek medical advice,
but otherwise has felt no bad effects from the pressure. He

has recently been working in the high pressure of Caisson No 2,




which has varied from 25 to 32 1bs. Recomméndéd'to cease
work for a short time, and to lie in a horizontal position. Av
diuretic mixture given.

Aug 7th: OEdema much less.

Aug. 9th: Without again reporting his condition he returns
to work in Caisson Wo. 2 (6 a.n. to 2 p.m.). Afterwards he
bhas pain in the left ankle, which lasts the whole day and the
following night(

Aug. 10th: Again seeks advice. ~Recommended to give up
working in the highl pressure of Caisson ¥No 2, and to work ‘in
the lower pressuré of the tunuel on the south side.

Aug 1bth: Since the above note he has worked two shifts in
Caisson No. 2, and he to-day. seeks advice because, after com-
ihg out and going to bed, he had a difficulty in breathing while
lying down: Dbetter on sitting up. Slight hacking cough. No

physical signs of disease. Promises to give up working in -




Caisson No 2.

CASE mIX.QDysphagia, ete.

W.P. only occasionally works in compressed air. On the
night of Jan. 10th, he was in for nine hours. On the morning
of the 11th he felt a "sort of knot" in the middle and inside
of the cheét, which feeling extended back between the shoulders.
No cough. Some dysphagia. ’No physical sisns. Has then
worked in compressed air before, but has_never had the same ex-
perience.( Applied for advice on Jan. 12th. Fxamined, and
advised to report himself again if the feeling did not gzo off.
Nid nqt come again.

CASE L.-Fit (? epileptie) while in the compressed air.

J.B., aet. 28, has been working in compressed air for five

months. On Feb. 26th, at 5.456 p.m., while working in the shield)'

he felt suddenly giddy; surrouhding objects appeared to be mov-

ing towards the left. He fell down unconscious, and remained

|




so for about twenty minﬁtes. ‘During‘this time he was carried
out, and seen by me just outside the air lock; he was then sit—v
ting upon a truck, and rambling in his speech. Pupils equal.
There had been no convﬁlsions. He was brought up by the cage
to the surface. He then became very excited and quarrelsome;
stated that he had lost his belt; and said he wished to be left
alone, that he had just left off work, and that it was 10 p.mnm.
Then, again, he did not knov how long he had been at work, or
why he had left off; was quite unreasonabie, and refused to lie
down. There was no sign of organic dissase, excent that there
was a trace of albuﬁen in the urine, and he had haﬁ'no previous
fits; had had a "cold" for the preceding fortnight{ but had
never suffered from the compressed air in any way beyond some-
times having a diffieculty with his earslon entering. Seen
again Feb 28th: quite well. -Recommended not to work again in

compressed air.




