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CHAPTER 1

PLEURISY
Kenneran RopsoN

AETIOLOGY
PLEURISY imphes mflammation of the pleural surfaces, whether (1) fibnnous, (2}
serous with effusion or {3) purulent  The most important single cause of pleunsy,
\vhcmer acute or chrome, dry ot with effusion, 1s tuberculosts  Preumome consoli-
the ngle or multiple pulmonary abscess
and primary or secondary neoplasia may also be accompaned by pleurisy, as may
complicated bronchiectasis  Rarely, pleunsy compiicates acute theumatism 1t
may occur 10 hephnitss, often terminally, or during the course of blood diseases
such as feukaemia  Diaphragmatic pleunsy, with shoulder-uip pan, and meds
astinal pleunisy—both Jocalizations with or without effusion—have been described,
as isolated phenomena they are rare
1t 1s probable that many of the cases of so-called simple or primary pleunsy
are, 1n reahity, due to underlying foct of inflammanon 1n the fung, whilst others are
tuberculous The latter aetiology should always be suspected if the pain or rub lasts
more than a few days [t is very doubtful whether pleunsy ever follows mere
exposure to cold—* Pleunius a foigose™ of the older wniers Epdemics of
primary pleurtsy have been desctibed (Scadding, 1946) and are probably to be
distingushed from Bornholm disease  Pleurisy, evidenced by fmcton, occurs
with varying frequency in the latter, and there 1s stifl doubt whether the pnmary
site of inflammation 13 1 the pleura or 1n the muscles and fasciae of the paretes
It 15 the eprdennc, somelimes explosive, natore of an outbreak which stamps
as something distinct  In most outbreaks of Bornholm disease, relatively few of
the individuals who have the severe, sudden chest pain actually show friction

CLINICAL PICTURE

Pleurisy without effusion

Dry pleunsy whatever 1ts cause, 1s 2 painful condibion characterized by kmife hke
pam related to the resprratory excurston, which st tends to inbibit locally The
pain 1s not of cntically sudden onset, and careful interrogation will generally
distingwish 1t from intercostal neuralgia, fibrositss and pre-eruptive herpes

Frictton (s the cardsnat sign and must always be sought  The fncuion has a rubbing,
grating ot scratehing quality and, if coarse, can be palpated with the flat of the
hand Pressure with the hand will often cause the pain to disappear, and pressure
with the chest-piece of the stethoscope may dimimsh, or even abolish, the friction
sound while pressure is maintained  Friction sn a peculiar way sounds very * near
to the ear™ It 1s often useful to posture the patient so as to stretch the sde of
the thorax on which the tub is being sought, and 10 histen exactly over the sie of
the pan as mdicated by the patient  With pleural friction, as with other physical



PLEURISY

$1gns an the chest, 1ts absence 1n a given case by no m i
of prouriey Yy eans excludes the possibility
Radographie evidence of dry pleurss

Yy 15 not constant and fluoroscopy onl
sometimes affords evidence n the form of abnormalities of diaphragmatic gx{lctwi
and behaviour X-ray examunation, however, will eliminate such conditions as
spontaneous pneumothorax, and will help to establish the presence of any ntra-
pulmonary condition of which pleunsy 1s symptomatic

Pleurisy with effusion

Effusion may develop msidiously or it may follow or be accompanied by
pleunitic pain  Fluid, in constderabk can Jate without
if 1t collects slowly and the patient is thus given ttme to adjust 1o is presence
gradually On the other hand, it may sometimes accumulate with great rapidity,
1n which case distress and dyspnoea may become urgent

The physical signs of fliud, whether 1t be transudate or exudate, pus, chyle or
bload, are characteristic and, provided that the quantity 1s suffcient, unmstakable
The apex beat 15 displaced away from the flind, movement on the affected side
1s reduced, and there 1s decrease in tactile fremitus and jmpairment of percussion
note on the side of the flid  The impairment of percussion note 1s so strking
that the word ** stony ” has come to be associated with this type of dullness, and
eliciting the physical sign may often cause pain i the fingers of the percussor.
The breath sounds are absent or altered in strength and may, 1 cerfatn circum- .
stances, be bronchial  Added sounds are no part of the picture unless there be a
rub at the upper limit of the fluid  The spoken voice often takes on that peculiar
nasal quahity known as ““ acgophony ”  Physical signs are found i the presence
of moderate or large collecttons of flwd, but if the fluid 1s confined to an inter-
lobar fissure or 1s less than 150 millilitres approximately i total amount m an
adult, 1t may be ble by physcal e

Fluoroscopy will show gross collections of flurd immediately The affected part
of the thorax 1s poorly Iit and the illununatton does not improve with tnspration
Turmng the patent slowly mto the lateral and oblique posittons may help to
define the extent of the flmd, and the lordotic view will generaily show mvolve-
ment of the greater fissure The X ray plate provides further evidence and a
permanent secord  Flwd geves a shadow as opaque as the heart shadow and
diapt with which, ding to the amount which 1s preseat, it merges
A well penetrated view may shaw us distnbution but, despite the older teaching
on the subject, the wpper kit of the flutd does not invaniably runma gentle curve
towards the axilla, and change of posture only slowly brings about re-distribution
1 the closed pleural cavity, too slowly to permut regular and convincing
demonstration of shifung dullness (Figs 1-3, 7a and b)

TYPES OF PLEURISY WITH EFFUSION
The following are the important groups of causes of a pleural effusion *

(1) tuberculovs effussion ,
(2) effusion complicating disease mn the subjacent lang, ather than tuberculosts,

of all gradations up to frank empyema ,
2




TYPES OF PLEURISY WITH EFFUSION

Fia 1 —Total left-
sided effuston  (By
courtesy of the Instt
tute of Diseases of
the Chest, Bromp-
ton}

FIG 2 — Left sided
Rateral effusion (5
caurtesy of the Inshiure
of Discases of the
Chest Brompton )
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Fic 3 — (g Postero-
anterior and (5} lateral
vews of interlobar effy
Ston on the rght s de
show ng open ng up of
the greater and Jesser
Tssures (8 courtesy of
te Inst ue of D seases
of the Clest Brompton )

a
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TUBERCULOUS EFFUSION—TUBERCULOUS PLEURISY

(3) effusion complicating sub diaphragmatic or hepatic disease
{4) effusion m cardiac and renal disease ,

(5) effuston accompanying new growths ,

(6) chylous and pseudo chylous effusions

TUBERCULOUS EFFUSION—TUBERCULQUS PLEURISY

To Laennec belongs the credit for the demonstration of the relationship between
pleunsy and tubercles 1n the lung  Exther dry pleurisy or pleunsy with effusion

Age
0 5|6 1011 16 ZD[ZI 25126 30(31 3538 40(41 45045 5051 5555 uﬂlﬂ ﬁbIﬁu [ 75(76-60) Vﬂf,"
\j"\ Hor 802
720 p————] XY Women 455 .|
i \ H Tk 987
VAR
90| ;
i \
i !
& & \
&
.@? Y
30 ,
4 e,
e}
v :

4

Fic 4 —Graph showing age mncidence of primacy serous pleurssy (id opathic)
(From Stl eel and Foren 1928 )

can occur at any time during the course of pulmonary tuberculosts, and the
underlying cause presents no difficulty when established disease with tubercle
baailli 1n the sputum comes to light 1n investigation Tuberculous dry pleunisy
and more particularly, pleural effusion also occur in the absence of any readily
obtained confirmation and in this group the danger of musdiagnosis 15 very
great

Types of tuberculous pleunsy
There are two main vaneties of tuberculous effusion
(1) occurning as 4 late primary manfestation ,
(2) due to the presence sub-pleurally of post primary foci
Both groups continue to a tub p; The second occurs

perhaps more usually 1n middle aged or elderly subjects and 1s generally very
chrome

5



PLEURISY

A late primary mantfestation

Occurnng 88 2 late mamfestation of the primary nfection, {uberculous effusion
fas its greatest 1ncidence petween the ages of 15 and 25 years (Fig 4

Pleurisy a5 an allergic phenomenon __The view that the outpouring of flud
yepresents an allero® ohenomenon 18 mamlamed by Wallgren (1930) and Rich
(1946 An md - aenenenced DS prmary nfection with

"

tubercle pacily, ! . . wants 0 response to
{he rritatiod of ts developments
with the dischatge v ' io the pleural
space The source of bacitit may also L e onchnal adenutis
(Erwin, 1944 The degree of hype(scnsmvuy developed Vans with the con”
stitution of the indvidual patent The effusion may be of sudden onset ©Of

1 may be assoctated with acute symptoms or it may

bea casual d scovery The latter fact suggests {hat certain ndmduals pass through

an effusion of himited extent without 1ts e¥ef coming @ chmeal recogntion Proo

of this 1§ difficult and an exact expression of uts frequency equally 50 Some
pe obta m

1dea ned from figures SUPP b e 420,000
md\vxdua\s petween the g 15 a 75 years exam! sn the course of a
fuorographic rveys cases Sho' ed radiograP v of recent pramary
uberculosis with a symp omless pl:u\'al effusio! The opportunt y arose 10 observe
63 out of 259 ndvidunis who showed mdwgraph\c evidence of recent primary
quberculosts: n 6 ¢ pleural <ffusion d¢ toped withm 6 mo

a (19 the effust tended 1@ the same sde as
the pu\monary ¢ gla dutar lestont There 1s gen:ml agree! that the ubercutous

ol

primary complex 15 nght-ndcd more often than left sided (hayne: age!
and O'Shaughnessy, 1947) and 10 most cases the mtial effusion 15 on the nght
side

Post-primary effusion

Either 4ty pleursy or pleunsy with effusiont may OcCuT at any ume duning the
nife-ime of a consumptive patient Dry pleunsy is often evanescent and marks
advance OF extenston of disease Effusion MaY develop and, when 1t does SO0 the
cc! mulation of flwd 18 often gmdun\ and 1nsy 10US he older the atient, the
more Hikely 18 the effusiont o be joculated. {he more gmdua\ the accumuiations

the stower 18 the abs prion that it 15 Ly 1 of quberculous flusto! mddie
aged subjects to pursy hronic €O S€s ch may. ventually
ave & atisfact out evertheless 1t car a g mortality corres
ondingly U the ) emle varety 0 qtutional disturbance ma)
e less severe the flu 1ood staine than 1 he juvenile 1ype
The cytolo d cultur aractersst! otl sentially symilar 10 the
1wo varet The age 10¢ f the t-primary son, a5 ght & expecteds
shows 3 er base does th prv t ben| symilar, 10 fact, 10 h
age inerdence it ul quberculosts a5 a whole
Chnical course

Perhaps most typ\cn\ly the prmary effusion pmc\mms sts presence with malaise
and dlscomfml 1 breathing The cOUrs® of the {liness 15 gcncm“y favourab\c

6



TUBERCULOUS EFFUSION—TUBERCULOUS PLLURISY

The temperature subsides 1n the space of 2 weeks or so the flud 15 absorbed
function returns and the patient recovers  Death in the acute phase of the
effusion 1s rare so that opportunittes for post mortem examination are not frequent
In some of the subjects which have been examined tubercles have been found on
the pleural surface and sometimes there has been evidence of dissemination to
other organs

Complications

These can be considered 1n two groups (1) those which are complicattons of
an active tuberculous process 1nd (2} those which are complications of the presence
of fluid 1n the chest \

Complications of !l e tuberculous process

The of the tuberculous process are ct and
These ate of course interconnected and the chromicity of an effusion and the
sertal involvement of the opposite pleural space often go hand in hand  Dissemina
tion may be on a hmuted scale or 1t may be widespread resulting in muliary tuber
culosis  with the picture dominated by memngiis  Other sites to which
dissemination commonly takes place are the pericardiim the pentoneum and
the genito urtnary system  In the unstable and febrile phase of an effusion
dissemunation and acute mihiary spread nrc ever present dangers

Concato s disease—poly which there 1s effusion
1 both pleurae the pentoneum and the pericardium 15 nearly always of
tuberculous character Rare cases are met with 1 which the condition remains
quite unexplained

Compl cations of the effusion
The fact of the prescnc: of fluid carries with 1t the nisk of sccondary 1nfection
cnhcr disease or Pleural and
sequels of effusion and sometimes
marked pleural calc:ﬁcauon develops 1n the course of time  Mechanical hydro
static disturbances may result from the fact of the presence of fluid  As 1s mentioned
elsewhere redistribution of the fluid by adjustment due to movement within the
thoryx may take place in the nitural course of events or during aspiration  If the
redistribution is rapid changes may ensue in the aeration of large districts of the
sound lung or 1n the pulmonary circulation w th resulting oedema of the lungs
The gravity of either of these events or of a combination of them cannot be
over emphasized

Prognosis

Any ndividual with a hemithorax half filled or more with flutd 1s m danger
on this account alone It 1s true that the danger 1s not great but the potentialities
constitute a definite threat to [ fe  The more imm-=d ate prognosis n general terms
has been well summar zed (Wood 1946) as depending not so much on the extent
of the infection as on the unpred ctable ltab Ity at any stage to acute mthary
dissemination

The more remote prognosts has always been 1 matter of interest and spe~ulation
It ts smd above that a patient  recovers  But he 1s 2 marked man and whether

7



PLEURISY

the 1llness has been short and sharp or long and smouldering, whether there has
been total effusion or a smalt one, whether sertal involvement of one pleural space
alter another has occurred with recurrences of fever or not, patients who have
been through an effusion of this sort have a 25 per cent chance of developing
chimcal pulmonary tuberculosis within 5 years It was the mescapable fact, of
the toll i tuberculous morbidity following pleural effusion, which gradually
compelled the adoption of the view that all primary pleursies are of tuberculous
origin unless clearly proved otherwise

Much laborious work has been put in at follow-up inquines, but there are few
sertes of cases which are free from some sort of objectton It 1s important that a

TABLE 1
FoLLow-uP STUDIES OF TURERCULOUS PLEURISY
P:r’cﬂluge Suze clf M . Use of x tay Ob“llr;:‘“m Ma[mauy
of toral | ‘actual thod o rom
Avthors | LoR'are | seres | chagnos e Follow 8 | gyberey
untcaced | (cases) Durng | Follow | Mim | Maxt Tosis
acack | up [
Hedges 59 20 Needing | No | No | Years | Years | Personat | 43%
i) (87 cases) 2 8 | esaminavon
Phys signs
(83 cases)
Aacd 412 st | Notstated | Ne | No 2 25 Manly,
and onat
Koster examination
0D
Seheet [ 812 | Notstated | No | No 10| Nothieauon
and
Foien
11928)

Gaarde | Not stated | 126 | Notstated |  Parnial use 1 5 ‘Partl
(1930) personat
Borehws 15 194 Noclear | Not [ Yes 7 I Persanal

7
i examinanon
[{29) information |ttt amra
Kaoee |15 | w0 | ves | e T 20 | Fersorsl | D%
Yes Yes 6 20 Personal »Y%
il b = 7650 examunation
Persomal | 23%
fromagn % e Yoo ¥ S R ameten | @2
a5

(35 cases)

3%

ing) 190 | Ieeding 3 ‘Magoruy

T | S (25 cwes) peesonsl
(1946) Probably.
all x rayed

202 4 ) Notstated 19| Noudeaon |Pulmonary

A forms
1245,

Finkler 3 543 Krays 25 Notificanon gé
s ety

Press ‘Not known 1132 Xray Not stated Observation 00,
(94N

3 § | Noufication | 205%

Maclean 165 183 | Notstated
1948)




TUBERCULOUS EFFUSION—TUBERCULOUS PLEURISY

series should comprise as large @ number of patients as possible and that the
number untraced should be mmumal  Strict cntena are necessary in dmgnosns
at the time of the effusion (n order to el cases of Y
of outspoken type), and the folt should be as h
as possible  The pertod of obscrvauon should be at least § years

The accompanymg table summarizes some of the more important facts to be
obtained from certain of the published follow up inquines  Each individual series
comprises more than 100 cases
Sampling the fluid

When flud 15 present 1n amounts sufficient to give rise to physical signs, 1t 15
always wise to take a sample , this is done to confirm the presence of flid 10 a
doubtful case and to proceed from the recognition of its presence to an attempt
to discover why 1t 1s there Sampling should always be carmed out with
full aseptic precautions The best site for exploratory puncture (or
thoracentests) 15 decided after careful scrutiny of postero-anterior and lateral
films, and the puncture 1s made with a needle mounted on a syringe after infiltration
with a local anaesthetic right down to the pleura In an average case the seventh
or eighth interspace in the mid axillary line 1s a switable site  The patient may
esther be sitting up and leaning shightly forwards with the arms resting on a bed-
table, or lying on his side with the site of the effusion uppermost

The flud 1s generally straw-coloured (very rarely, if trauma be excluded,
haemorrhagic) and clear  Sometimes a httle clot may form on standmg
Lymphocytes are abundant and generally pred, although
even tuberculons fluid 1s distinctly polymorphonuclear tn 1ts cellular content m
the earlier phases (Wihman, 1948, Kraft, 1949) Usually no orgamsm can be
seen and culture 15 stenile on all ordmary media  Inoculation mnto a guinea pig
may produce tuberculous lesions in up to 50 per cent of cases, and culture on
Ldwenstein Jensen's (or Dubos®’) medium may be positive for tubercle Increasing
use will probably be made of cultural methods as techniques are improved and
standardized

Close (1946) gives some interesting figures concerming the relative ments of
guinea pig ioculation and culture i the detection of tubercle bacilli 1n pleural
flud, and also of the increasing number of positive results which come with ex-
penence  Out of 34 tubercle positive fluids, 10 were positive to both guinea pig
inoculation and culture, and 24 were positive to culture but negative to guinea-
mg moculation  Of 11 attempts to demonstrate tubercle bacillt in flud, made
1941, none was successful , in 1945, however, 16 were positive out of 23 There
15 no doubt that the technique employed 15 of the greatest importance More
recently (Gelenger and Wiggers, 1949 , Calnan and his colleagues, 1951} the
glucose content of the fluid has been investigated  There 1s some doubt about the
level of glucose which 1s entical, but Jow values strongly suggest a tuberculous
ongin whilst high levels are found 1n non-tuberculous conditions
Treatment
General management

With tuberculous pleunsy this ts a long-term matter  In the absence of any
reliable specific remedy, the indications are to support the patient by every means
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at our dlspgsal while hus own recuperative powers and specific reststance develop
Rest1s the ** sheet anchor “—general bodily rest during the febrile phase and stillimg
of the lung and pleural movement until absorption has taken place  Strrct rest
can be a most valuable measure 1f the témperature 1s obstinate 1n settling, and 1t
1s essential 1n total effuston  Patients with large effustons are best nursed propped
up and must be very well supported with pillows Just as too rapid decompresston
of the thorax in these cases can lead to fatal consequences, so can sudden re-
distribution withmn the thorax of a large effusion  Fidgeting and restlessness can
inthiate such a redistribution  This state of affairs sometimes anses very critieally,
the aspect of the patient changing 1 a moment from one of relative comfort
and calm to one of alacm, apprehenston and respiratory embarsassment  He
becomes collapsed, cold and clammy, with a rapid pulse and shallow respiration,
and 1t 15 very difficult to rescue mm  Oxygen and restoratives should be used at
once and asprration should be carnied out  (See also under * Comphications *
and “ Management of the flud )

The temperature takes a varniable time to subside, sometimes up to 6 weeks
From 10 to 14 days after 1t has become normal provided that absorption is
proceeding satisfactonly and there are no complications, a patient may start
getting up By the end of a further 6 weeks—that is approximately 3 months
from the beginming of the 1llness—he will have arrived at the stage of being up
for 4 hours a day and doing mncidental walking of, perhaps, half @ mile a day
Graduated walking exercise 1s now mstituted with mncreased tme up, and by
the end of a further 3 months he will be up all day and walking 5 mules per
day In most cases 1t will be permissible at this stage to let him resume
work, but supervision and sertal Xx-ray observation must continue for
5 years

).]A. good working rule s to examine chnically and radiographically patients who
have had an effuston at the following intervals every 3 months for a year,
every 4 months for the second year , every 6 months up to the end of 5 years In
the chnical examation, special importance attaches to the weight, and to the
possibihity that t 1 deposits have made therr appearance 1n
the intenim

Attempts should not be made during convalescence to promote absorption
of the flid or adhestons by expansion breathing exercises or to “ unfreeze ™
a lung (unless after some months of constitutional stabihty) The aim s a com-
promise—to obtain settlement of an inflammatory process, which carries with 1t
always the hazard of dissemmation  Within Limits, the anatomical result per s¢
1s unimportant, and the of a peorly expanding h horax with move-
ments reduced to 2 mmmum may have to be accepted, at least for a time What
should be emphasized 1s the functional result, as scen by a patient’s ability to get
about and earn his own lving or continue his traimng  Any decision about

Management of the fluid
A sample should always be taken, but 1t 15 less easy to Jay down rules about
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removal of fluid therapeutically The general principle 1s that so far as possible,
the fluid shall be aliowed to become absorbed of its own accord  Over enthustasm
1n aspiration 1s more hikely to do harm than would conservitism even allowing
for those patients whose breathing becomes urgently and entically embarrassed
There are three indications to nterfere
(a) 1 fever lasting a disproportionately long time
{b) 1n flnd persisting a disproportionately long time
(¢) to relieve respiratory distress
1t wilt often be found that removal of up to I pint of flid will suffice to tip
the scale towards stabihzation or absorption 1n the case of (a) or () The method
of removal 1s immaterial provided that the process 1s slow 15 conducted under
sterile precautions and does mot mvolve the introduction of air nto the free
pleural space This point of view 15 maintained although the policy of complete
evacuation of the flmd 1n successive stages and pneumothorax induction 1s not
without 1ts supporters (Feldman and Lewis 1946) For the aspiration a large
capacity syringe fitted with a two way tap 1s convenient Local anaesthesta must
be used down to the pleura and a stout needle preferably incorporating some
means of clearing with a stilette 1s the most serviceable Tubsng other than
stout walled pressure tubing often collapses under suction and aspiration becomes
tmpossible  Alternatively Potan s aspirator can be used
When aspiration 15 undertaken to relieve dyspnoea 1t 15 generally because fluid
has accumulated rapidly and the aircumstances which bave imtiated the rapid
accumulation will in all probability operate again It 1s unlikely that the removal
of a pint or two from a space contaning 10 or 12 pints  total effusion  wall
contribute much to the comfort of the patient and theoretically the removal of
a large amount will be necessary To remove amounts 1n excess of 3 pints presents
technical difficulties
Rapld removal 1s dangerous involving as 1t does the nisk of disturbing the
and di oedema of the lung with albumious
expec\orallon and death  Warming of this development 15 given by the patients
experiencing discomfort and oppression i the chest and by the appearance of
4 an o .

1n position connected to an underwater drain or simply to a bottle on the floor
by the bedside 15 very apt to be followed by sepsis and this 1s a very serious
complication indeed  Some authors advocate a really big volume aspiration
with 17 replacement compensaung for the removal of the fluid by the introduction
of air  Theoreticlly this 1s a sound method but practically 1t cannot always
be carned out and 1t should certainly not be attempted by the inexpenenced
Another plan (perhaps the method of choice) 1s to remove 20-30 ounces daily
for 4 6 days ilthough with this method one 1s very 1pt to encounter 1 dry tap
at the third or fourth attempt and to fuil of one s purpose

Among prophylactic measures are hmutation of fluid intake (allowing 30-50
fluid ounces tn 24 hours m all) and the admimstration of diuretics by the mouth
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{Dwretin, 10 grawas thrice daily) ar of one of the mercunal preparations by
intramuscular sngection  There are instances 1n which these measures appear
to have been of use
Other methods of treatment

The of artficral h by air repl of the flud 15
mentioned above The field of application of this technique 15, however, probably
very himited  Pneumoperitonesm with phrenic nterruption has ity advocates,
but msufficient time has as yet elapsed for assessment of s worsth as compared
with the ordwnary canservative regitmen

Although there 15 at present msufficient experience on which to base a final
yudgment—and here agam msuffictent time has as yet elapsed for an assessment
to be made~there 15 good reason to thnk that steeptomyein has a definite
place n the manigement of targe eff or those d with d
fever  Certamly the immediate benefit 1s stiking  The dose for an adult 1s ¢
gramme daily intramuscularly i a single dose  The antsbiotie 15 given atone for
7-10 days  As soon as the general condition of the patient permuts, para-

aad (15 per diem m divided doses) 55 added  After

{oading dose of 30 of strep! m day the freqy of
the injections can be reduced to 3 umes a week, perhaps some 45 grammes of
streptomyan n all being used

POST PNEUMONRIC EFFUSION
This title b i pl disease in the subjacent lung,
other than tuberculosss, of all gradations up to frank empyema (post-
preamonic effusion)
Actiology

Empyema thoracis most commonly occurs as a comphication of preumonia,
d y p 1, at h any organism may be involied, mcluding
Bacterngm colt and the streptothnx 1t may also be assocsated with other nfective
conditions of the Jung, particuiardy (1) pulmonary abscess, () bronchiectasis or
(1) infected Jung and bronchial pissue distal to an obstructing neoplasm  What 1s
true of empyema can be regarded as true also of '[;zs(-pneumomc eflusion, which

35, 10 Q sense, an d form of emp e and early nse of
Jed 10 considerable medifica-

all forms of chemotherapy in preumonic tliness has
tions tn the form of and to a probak m the over all
occurrence of empyema
Differential diagnosis

Tt s of the greatest to h between & post-p collecs
tion of fmd and one due to mbercul The whole and handlng

of the case 1s different, but the distinction 1s sometimes a matter of some difficufty
All too frequently @ case only comes under close scrutmy after the fud has
formed, perhaps about the tenth day of the sliness It will be known that
there have been some days of Miness, but n all tikehhood no nformation
will be le about the } and no observation of
temperature may have been carned out  Some of the differentiating pomnts are

now formulated
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EFFUSION COMPLICATING SUB DJAPHRAGMATIC OR HEPATIC DISEASE

Tuberculons effuston

Patient commonly 10-25 years of age
Paw often carly

High fever, not responding to sulphon-
amdes or peniaifhin

No leucocytoss

Fluid obliteration of space on x-ray film
from the start

Flud lymphocytic

No orgamisms seen tn the smear, except
rarely tubercle bacilh

Culture on ordinary media sterile

Post pneumonic effusion
(attenuated empyema)
Any age or sex
Paw not an essental feature, especnally
early

May be high fever responding to chemo-
therapy

Leucocytosis eatly
Clear pleurat space eatly on skiagram

Fluid may be polymorphonucleat
Coccal organisms may be seen

Culture on ordinary media may be

positive for streptococer or
PpReumococet
Specral culture and guinea-pig 1nocula Negative (or tubercle
tion may be positive for tubercle

Prolonged course with slow absorption Often absorbed within 34 weeks

Treatment

The treatment of post-pneumonic effusion, 1f the disease 1s of moderate extent,
consists 1n the evacuation of the flwd by aspiration  Small collections of fluxd
may be allowed to be absorbed spontaneously Observation with radiography or
under the fluoroscope ts necessary to venfy that absorpuion 1s taking place, and
the final check should be made one month after absorption appears to be complete,
before the patient 15 released from observation If the fld 15 consld:rab]e m
amount, 1t 1s a good plan, after to duce pencillin
1f there has besn time to do senstwity tests on the orgamisms grown from a
culture of pleurat flmd, then a different chemotherapeutic agent may have been
found appropnate and this should be used  Pemicillin, up to 1,000,000 units,
should be injected after aspiration, and as soon as possible expansion exercises
shoutd be iniated  This active rehabilitation s 10 sharp contrast with what 15
practised i tuberculous effuston, but 1t 1s of the greatest importance, since re-
expansion of the underlying lung 1s the only satisfactory way to obliterate what
1s potentially an empyema cavity

EFFUSION COMPLICATING SUB DIAPHRAGMATIC OR HEPATIC
DISEASE

Pleural effusion occurs as part of the general dropsical process when cirrhosis
of the lver his rmch:d an advanced stage  Occamionally the ¢ffusion may be the
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prumary tuberculows pleunsy, but sometimes the reachion 1 strongly poly-
morphonuclear A careful hastory may be of the greatest use, sugplying evidence
of a severe upper abdominal catastrophe within recent weeks  Many years of
good health may have tntervened between the ongmat symptoms of amoehasis
and the development of hepatitis The imduction of an artsficiat presmopentoncum
may assist 1o & since those di which are with 2
sympathetic effusion generally bring about adhesion betwees the liver and the
nght side of the daphragm

EFFUSION IN CARDIAC AND RENAL DISEASE

The cotiection of flwsd 1o the pleural space n cardiac and renal disease 1s referred
to as hydrothorax—a term which serves to differentiate the condition from that
i which the flusd results from inflammatery lesions of the pleura  In cardie
and renal conditions, the flmd 1» part of the general dropsseal process and the
treatment 15 that of the underdyng state In renal disense, subacute nephnitis with
oedema, both pleural spaces are usually savolved, but tn cardiac disease, congestive
heart fatture, the right side may be affected alone  This may be related to pressure
an the azygos sein by the enlarged nght aurncle  Aspiration may be required,
parucularly i heart fmlure  The fnd 1o hydrotherax kas a Jow specific gravity
{generally less than 1015), and only small amounts of proten and a few cells
are present, i contrast with the high protemn content and celtulanty of infammatory

effusions

EFFUSION ACCOMPANYING NEW GROWTH

New growths m the thorax, whether primary or secondary, mnocent or mahgnant,
may be accompanted by pleural effuston  Effusion 13 usually not an unportany
part af the picture tn tmnocent growths of the Jung or chest wall, but it may be
the presenting feature tn pnmary mabignant pulmonary disease or the first evidence
of mtrathoracts metastasts m breast cancer  The poosly differentiated form of
bronchial carcinoma the so called oat cell type, 15 more Mkely to present in this
way than 1s the squamous vattety The eflision 15 an index of the proxumsdy
of the growth to the pleura or of masuve mvohement of root and medastinal
glands by the growth, perhaps, also, 1 is wndicaine of the poatly formed
yaseslor channels wheh charactenze a rapidiy growing undifferentiated reoplasm

The effuston 18 often frankly blood stasned, even at the very first puncture
“This 1s also true of secondary neoplasa, for mstance from carcrmoma of the
preast, with which the pleural surface is studded  Cells, showmg mitotic figures
and with other features sugpesting that they may have become detached from
mahgnant geowths, may be found s the flmd  In order to obtan such evidence
1t 1s particularly worth while to examne sections prepred from strands of biood
lot and other debns remaming 1n the fumen of the needle or adhening 10 118 end
after aspirations of a few ounces of the fluid

Effuston develops i connexton with bemgn ot mahgnaat growths of the pleura,
whether pumary or secondary Primary malighancies are excesstvely rare, but
cases are on record, some of which are clarmed to be carcinomt and others sarcoma
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CHAPTER 2

EMPYEMA
OswaLp Tubss

NON-TUBERCULOUS EMPYEMA THORACIS

STRICTLY speakung the term, * empyema thoracis ™, should be confined to the
description of a locahized collection of pus within the pleural cavity The early
stages of bacterial nvasion of the pleural cavity and the consequent formation
of flud which 1s not localized by adhesions must then be described by some
other expression, such as generalized or diffuse suppurative pleunsy with effusson
However, 1n this chapter, 1n order to conform with common practice and for the
sake of , the term, empy will be used to cover all stages of
suppurative pleunsy

ACUTE EMPYEMA

Actiology and pathalogy
Because 15 the most precursor of pyogensc infection of
the pleural space, there 1s a tendency to forget the many other conditions which
may lead to suppurative pleurisy
Infections derned from the lungs

When the lung 1s the source of the infection, 1t 1s always possible that some
leston other thin p uch as h with secondary
suppuration, lung abscess, h or act y y be responsibl
for infecting the pleural canity Owing to the great increase in the incidence
of carcinoma of the bronchus, 1t 1s particularly important to remember that this
dread disease 15 ly I d by an emp; Furthermore, when
pneumonia 1s the cause of the pleural infection, the pulmonary lesion 15 often
not of the classical pneumococcal or streptococcal type  for example, an empyema
15 not an pl. of staphyl I p 1n 1nfants and
small children, and 1s often preceded by a h due to
the rupture of a small subpleural abscess  The pleural space may also be nfected
from the Jung to which the bacteria are carned by the blood stream as a result
of a generalized pyaemia or septicaerma, but these cases are now rare owing
to the widespread use of chemotherapy

Before the introduction of the antibiotic drugs, pneumoma was frequently
complicated by empyema, but there has been a very remarkable decrease 1n the
ncidence of this complication during recent years
Infections not derived from the lungs

‘The infection causing an empyema, however, 1s not always derived from the
lung Bacteria may be carried nto the chest by a penetrating wound, but
suppuration 1$ not common unless foreign maiter 1s retaned within the thorax,
orgamic material such as clothing beng more likely to lead to mfection than
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EMPYEMA

are metallic foreign bodies However, accidental penetrating wounds of the
thorax are not common n peace time , but the enormous increase in transpleural
surgical operations, such as those on the lung, heart, oesophagus and sympathetic
chain, have inevitably led to the surgeon’s being responsible for a certain number
of cases of empyema, although, with proper post-operative care, the sncrdence
of pleural suppuration following such operations 1s very low Other sources
of nfection of the pleural cavity include subphrenic abscess (Fig 5), lesions of
the oesophagus, and osteomyelitts of the ribs or spine - According to Harley (1949),
who reviewed 182 cases of subphrenic abscess, empyema occurred in 29 per cent
Diseases of the phagus are not freq ly pl d by an empy
because the common lesions of this organ, such as carcinoma, are chronic, thus
they allow time for the develop of pert ) 1 adh which form
a barrter to mfection of the pleural space

Sex incidence

Because resp y infe are more 1n males, 1t Ily follows
that pleural empyema has a similar sex incidence
Bacteriology

The bactenia most commonly responsible for pleural suppuration are (1)
pneumococct, (2) haemolytic streptococet and (3) staphylococet, 1n that order of
frequency A mixed flora of anaerobic orgamsms 1s usually responsible for
those cases of empy which are dary to foeud pul 'y sup
but these organisms may also be found in patients who have no clinical evidence
of lung suppuration In a few cases a pure growth of anacrobic streptococet 1S
obtained from culture of the pleural pus More commonly a non haemolytic
micro aerophilic streptococcus 1s the cause of the infection, particularly 1 patients
suffering from multiple areas of suppurative infection of the lung, most frequently
seen as a sequel to a major abd 1 operatton O« Iy an emp,
develops as a result of mvasion of the pleural space by coltform bacillt, these
cases are almost invanably assocrated with gastro intestmal disease, such as acute
appendicitis  Clostridium welchu alone may be responsible for an empyema,
but this ts rare except 1n time of war, for this infectron 1s usually itroduced by a
penetrating wound ~ Actinomycosts may give nise to suppuration mn the pleural
cavity and this possibility should not be forgotten, because culture of the pus
will not yield any organtsms after 48 hours® incubatton and this may lead to a
report of “ stertle on culture ™, the nature of the infectton can, however, usually
be recogmzed by the presence of the classical * sulphur granules ™ In patients
who have received a course of systemic chemotherapy, particularly when one
of the antibtoties has been used, it 1s not uncommion to find that the pleural pus
shows no orgamisms on microscopic exanunation and 15 sterile on culture  These
findings may lead the climcian to suppose that tuberculosis 1s the most lkely
cause of the empyema, and to treat the patient according to thts erroneous supd-
posiion—that 1s to say, external drainage is avoided and the empyema is allowe
to become chronic

Morbid anatomy
The mitial response to 1nvasion of a normal pleural space by pyogenic bactenia
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ACUTE EMPYEMA

15 acute nflammation of the two pleural surfaces, which 1s quickly followed by
the effuston of a serous exudate , this 15 turbid on account of the presence of
polymorphonuclear cells  Although the inflammatory process 1s unlikely to be
of umiform severity throughout the pleural space, nevertheless, at this stage, the
flurd 15 free 10 the pleural cavity Subsequently the fluid becomes thicker, as
the result of an increase 1n the number of dead and living polymorphonuclear
cells and of a rise 1n the protein content of the flmd  This 1s usually accompanted
by the deposition of fibrin, sometimes in very large amounts, particularly when
pneumococct are responsible for the infection In cases due to haemolytic
streptococcl, there 15 usually very hittle fibrin present, for these organisms produce
a fibrinolystn which breaks down any fibrin deposit  On the other hand, an
of the fluid, the pus usually becomes localized to one part of the pleural cavity,
most commonly the lower posterior part, as a result of fibrinous adhesion between
the two pleural layers  In a few cases the pus may be subdivided into two or more
separate pockets, because the lung becomes adherent to the parietes between these
pockets (Fig 6) Much more commonly, the fluid pus s held 1n a number of
loculi, which are separated only by a layer of fibnin that can easily be broken up
with a finger  This by fibnn1s y pi 11 cases ansing
from infection of 2 haemothorax

Occasionally the lung 1s everywhere in contact with the chest wall, and the pus
1s entirely confined to the space between two lobes However, an interlobar
empyema generally extends to the panetes, which means that a portion of the
general pleural space 1s also involved  Very rarely thc pus | becomes 1solated to a
pocket lying between the lung and ”»
so that the abscess has no contact with the chest wall It 1s not smclly nccur:ne
to use the term ** mediastinal empyema ™ for cases 1n which the pus, although
largely confined to the space between the lung and mediastinum, also extends
to reach part of the chest wall  Exceptionally an empyema 1s entirely confined
1o the space between the infenior surface of the lower lobe and the diaphragm,
and may therefore be di draph

With the lpse of time, further fibrin 1s depnsllcd and orgamzation of the
deeper layers into fibrous tissue the pus
nto a bronchus (broncho pleural fistula) and 15 :xpcc(oraled

Chinical picture
Comparare and climeal 11 pes
Poa a1 bha Lo-abe  cmaad aia

n the course of a streptococcal broncho preumonia, which was often a sequ:l

to tnfluenza  The patients were already senously ill from the effects of the

preumoniy, and mfection of the pleural c:mly led to a further deterioration of

the general di marked by d and an increase 1n fever

and pulse rate  Aspiration of the thin pleuml flud containmg haemolytic
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age of a basal para
vertebral  cavity
the upper cavity,
which was situated
posteriorly and ex-
tended 1nto the
vpper part of the
oblique fissure, was
subsequently
dramed by resec-

of a portion
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streptococer had to be repeated frequently, sometimes more than once a day,
owing to 1ts rapid re-accumulation, 1n order to relieve the patient’s dyspnoea
Death often occurred and was mevitable 1f early drainage by nb resection was
undertaken
In the metapneumontc cases, the pleural flud gradually formed after an attack
of lobar pneumonia had passed its crisis  The pus, which was usually caused by
preumococer, thickened rapidly and soon became localized to one part of the
pleural space These patients were not seriously 1l but, instead of making a
progressive return to health following the febrile crisis, they either continued to
run a low grade-fever or, if the temperature had returned to normal, again became
febrile about 2 week after the pneumome crisis
Because pneumonia 1s now almost mvarsably controlled within 72 hours by
appropniate chemotherapy, 1t 15 no longer practical to divide empyemas nto
and categortes, but this old classification serves
1o remind the surgeon never to undertake dramnage by nb resection untit the

1s localized by adh and the process resolved

Symptoms and signs

Nowadays the presence of pleural fluxd foll or
15 usually recognized from routine physical or radiological examination, although
severe pleural pain 1n the early stages of the pneumonsa, or persistence of pyrexia
1 spite of adequate chemotherapy, may have already led the clinician to speculate
on the likelthood of this complication It 1s important to realize that the absence
of fever by no means excludes the presence of pus, particularly if the pus 1s sterile

1s usually denoted by a sudden m the general and by
increased dyspnoea, but some cases develop remarkably msidiously Occastonally,
when an empyema does not recetve prompt and adequate treatment, the pleural
pus finds its escape within a few weeks by perforating mto a bronchus  This
complication leads to the sudden expectoration of large quantities of pus, but this
development 1s often preceded by a period lasting several days, duning which the
patient develops an increasingly ** wet > cough, due to irnitation of the bronchus
snto which the pus later perforates  Just before the fistula 1s formed, the sputum
sometimes becomes shghtly blood-stained ~ After the imtial eprsode occasioned
by the formation of the broncho pleural fistula, the patient will continue to
expectorate pus and usually notices that this s exacerbated by a change 1n posture

With regard to the physical signs, every student 15 taught the classical findings
of impaired movement, absent tactife frermtus, dulfness or impaired note on
percussion, absent or reduced breath sounds, and dimimished votce conduction

" 1. e s

pression collapse of the lung lMue benea(h the flmd  The posmon of the
15 useful 1n a pleural effusion from pulmonary
atelectasis, but 1t cannot be relied on to differentiate between the two conditions,
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for the mediastinum may not shift towards the opposite side unless an effusion
1s very large, and collapse of 2 whole lobe often occurs without causing the
mediastinum to move towards the side of the leston

Radiological appearances

All types of pleural flud—serous, purulent, bloody and chylous—produce a
similar homogeneous opacity on x ray examination of the chest In the earliest
stages of an empyema the fluid 15 free mn the pleural space, and its position 1s
fluenced to a certain degree by gravity, but to a much less extent than would
be expected (Fig 7) With d d effusions, sk taken with the
patient sitting upright show a diffuse opacity at the base, and this often nises highest
in the axilla  In films taken with the patient supine, the opacity becomes shghtly
less dense at the base and extends further upwards, but the change 15 usually
not great The skiagrams taken with the patient sitting upnight may show a
flud level, but only if there 1s gas as well as flwd 1n the pleural cavity A flmd
level therefore indicates one of three possible alternatives (1) awr has been
allowed to enter the pleural cavity from the exterior, either through a needle
ntroduced at a previous paracentesis or as a result of a surgical or accidental
wound , (2) a broncho-pleural fistula has formed, permutting air to pass from the
lung nto the empy , or (3) the supp 1s caused by gas producing
orgamisms (Fig 8)  With regard to the last-mentioned, the appearances after
mfection of a haemothorax by gas-producing orgamisms, such as Clostridum
nelchu, may be very striking for the gas 1s prone to become trapped in many
fibninous loculi, gving nise to multiple fluid levels

As soon as the emp 0 localized by the
opacity remains constant whatever the position of the patient Frontal and
Iateral skiagrams should be taken, using a penetration above that normally
employed for routtne chest radiography, m order to show the exact position and
extent of the empyema Empyemas of medium or small dimensions are usually
Jocated m the paravertebral gutter and extend upwards from the diaphragm,
less commonly the pus 15 localized to the axillary region The uncommon
interlobar empyema gives nise 1n a lateral skiagram to an elliptical shadow 1n
the line of one of the fissures The rare mediastinal empyema appears 1 a
frontal view as an opaque bulge, continuous with the opacity normatly produced
by the mediastinal structures

dh, diol 1

Diagnostic aspiration

The diagnosis requires confirmation by the aspiration of a sample of pleural
fmd  In order 10 avord unnecessary discomfort to the patient, ff fs preferable
that the posiion of the flud should be demonstrated radiologically before
aspiration 1s attempted

Paracentests 15 performed under local anaesthesia, with the pattent firmly but
comfortably supported 1 bed  If the pus s located posteniorly, the patient may
ether lean forwards across a cardiac table or sit stdeways on the edge of the bed
(Fig 9a and b) If the axilla 15 chosen as the site for puncture, the patient need
not move in bed, except to put the hand of the affected side behind his head so that
the arm 1s lifted out of the operator’s way (Fig 9¢) Because the mitial asprration
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Fig 8 —Foctd em
pyema due 10 gas
forrung  orgamsms
Thistsnota  total
empyema as the kmg
1s adherent 1o the
chest wall at the
apex

tissues over the selected site for aspiration are infiltrated with procatne solution
through a fine hypodermrc needle, and the skin 1s punctured with the pomnt of 3
scalpel A large bore needle (at least size 17 B W G ) 15 then fixed to the end of 2
two way adaptor, which 1s connected to a 20-multhire syringe filled with procaine
solution  This needle 1s introduced mnto the skin puncture and steadily advanced
through the chest wall, simultaneously infiltrating the tissues freely with procaine
solution in order to ensure a pamnless puncture Three fest tubes, one of which
contains a small quantity of 3 8 per cent sodium citrate solution, should be ready to
recerve samples of the aspirate,, the tube contarming citrate 1s used only if the
flind 15 found to be serous and therefore likely to clot  One of the non citrated
specimens 1s placed 1n a rack 1n the ward and the others are sent for pathological
examination
If pus 1s obtaned, 1t 15 worth while to the asp for p

purposes, using the two way adaptor to discharge the flurd into a recerver, thus

pleural space at the end of the asprration
Treatment

Aspiration and chemotherap)

If the presence of a plenral effusion 1s recognized early, of asprration produces
flmd from which the solid deposit on standing 1s less than one third of the total
volume, and 1f the bactena are sensine to some antibiotte switable for itra-
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Fic 9 —Posions for plural aspica
ton (see 1ext)

may entail aspiration on alternate days or even daly At the end of each aspiration
the appropnate antibiotic 1s 1njected mto the empyema and this should not be
omutted until st 15 found 1mpossible to demonstrate bacterit i a fitm of the pus
on at least two Ttis more 'y to rely on
examination of the pus than on cultures, for bactenia may bs present and y:!
faif to grow when mcubited on smeadle media  In the case of pemaiifin sensitine
bactera, it 1s suggested above that the imtial dose should be in the region of 500 000
umits but, subsequently, 1t 15 doubtful whether anythung 15 ganed by exceeding
100000 umits at each intrapleural injection

It cannot be oV that solely by and local
chemotherapy 1s Justified oaly when the infected plcuml effuston 15 recognized
early, and 1t should not be continued unless the flud becomes progressively
thinner and ceases to re accumulate within 2-3 weeks  There Is a great tendency
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almost entirely from the character of the pus  When the pus was thick, so that,
on standing, the solid deposit exceeded half the total volume, the empyema was
presumed to have become localized by adhesions  This was a faic assumption
and sull applies to-day A sample of pus should therefore be taken at the time
of each aspiratton and placed tn a rack n the ward, so that the amount of deposit
on standing may be seen at a glance Jf local chemotherapy 1s used, however,
the pus may not become increasingly thick, although the empyema has 1n fact
become | d C ly d that the emp, has become
. . CRIA

PR NI

adhesions  In cases of doubt a small quantity of air, but not more than 10
milkihtres, may be jected into the empyema, skiagrams bemg subsequently
taken 1n the upright position, in order to determine whether this air 55 free to
rise to the apex of the pleural cavity or whether, on the other hand, it 1s restricted
to a linuted empyema cavity (Fig 11)

All localized empyemas should be drained by nib resection, even if the pus 1s
sterile and the patient apparently free fram toxaemia  Before downg so, 5 nulli-
Iitres of 1odized o1l are injected 1nto the cavity and frontal and lateral skiagrams
taken, using increased penetration  The ol falls to the bottom of the empyema,

and 1t 1s therefore possible io determine from the skiagrams the exact site at which
. P St L 4 A maidamend an ok Asmendant drainaos (F1p 11

oil falls below this level, because 1t 1s clmmed that dranage is likely to be hindered
by a mise 1n the position of the diaphragm following operation It 15 certarnly
uncommon for the o1l to drop below the levels mentioned, but, when it does do
50, there should be no hesitateon 1a resecting a portion of nib at the level demon-
strated as the bottom of the cavity, for the tube can always be lengthened aftec
operation if the diaphragm nses

Techmaue of rib resection and external dramage

The operation 15 performed under local anaesthesia with the patient fying n
that position which provides the surgeon with the most casy access to the sie
selected for di For of a b ¢ ly or mn the axifa, 1he
patient lies on the “ good ™ side, buttressed by a large support placed antertorly
An operation should never be performed wntil the patient is fit enough to he
comfortably n thus position for as long as 1s required  This does not apply to
cases ! d by a broncho-pleural fistula, because operation must then be
petformed with the pauent firmly supported 1n the sitting posttion, for recum-
bency 15 likely to cause the pus to enter the bronchial tree through the fistula
and thus promote incessant coughtng or even drown the patient

ches Jong 1s made over the portton of nb selected for resection,
An masion 3-4 mnches Jong P S o esection

1 along the fateral
1n alf other cases,
gh some surgeons

the mcision 1s preferably made 1n the line of the nb, althou|
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FiG 11 —Frontal and lateral
skiagrams of a locatized em
pyema  lod zed oil has been
imjected (o show the bottom
of the cavity Air 1n the
uppec part of the empyerma
shows ~that the cavity 1s
limuted by adhesions (The
arin the cavity was allowed
to enter accidentally 1 this
case and far exceeds the
recommended maximum of
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recommend a vertical incision for all cases At least 3 inches of the rib should be
resected subperiosteally A needle 1s then passed through the nb bed, m order
to confirm that the site chosen for operation does 1n fact overlie the empyema
As s00n as pus 1s obtained, a small mcision 1s made through the rib bed so that
the pus may escape slowly  When the flow of pus dimtnishes, the opening into
the empyema is extended for the full length of tlﬁ'pumon of nib resected  The
rest of the pus 15 subsequently removed by suctton and ali fibrmous masses are
extracted by means of sponge-holding forceps The empyema 1s then inspected
with the a1d of a light swmtable for introduction 1nto the cawity , the light on the
end of a cystoscope will serve this purpose if there 15 no special instrument available
Any fibnin adhering to the parietes or lung surface should be gently wiped away
and extracted The mobility of the lung may be ascertained by gettng the
patient to cough gently If the empyema has not been entered at its lowest
limt, a further portion of the same rib or a segment of another rib must be resected,
so that the cavity may be draned from the bottom A large rubber tube—at
least § inch m nternal diameter for an adult—is mserted so that the mner end
projects about 1 inch nside the cavity Finaily the superficial muscles and
skin are sutured around the drainage tube This tube 15 held in position by
transfixing 1t on a level with the skin with a safety-pin, which 1s anchored to the
chest by Jong pieces of adhesive strapping  The dressings are apphed around
the tube and held 1 position with gate strapping  Bandages or strapping which
encircle the chest should be avoided because they restrict respiratory movement.
Unless the empyema ts very small, the drainage tube should be connected to a
water-seal bottle, m order that the patient may develop a moderate negative
pressure within the emp; and so p of the lung ~ Water-
seal drainage also provides for the discharge to be carried away from the dressings
(Fig 12}

Drawnage by an ntercostal tube—disadvantages
In this discussion on treatment, the use of ntercostal tube dranage has not
been menttoned  Such dramage should never be employed for an adult 1n the
treatment of 2 Jocalized empyema, because the introduction of the tube does
not provide an opportumty to remove fibren and the calibre of the tube 1s necessarily
too small to provide efficient drainage  Furthermore, an ntercostal tube often
becomes painful after a week or so, because of uritation of the 1intercostal neeve,
and 1t sometimes causes pressure necrosis of part of one of the adjacent ribs
However, some clinicians mamntam that, prior to localization of an empz',cm!a.
o

the vse of an 1 tube d to a wat [ bottle 15 pi
repeated aspiration  Before the introductron of effective Jocal dm‘-no!kcmpy,
1t could be argued that d ge through an tube was

better than mtermuttent aspiratton, particularly in those cases of streptococcal
effusion which re collected very rapdly  But, with the use of antibiotics, it 15
rare to see an effusion re collect quickly, and most empyemas soon became
1ocalized and ready for d ge by nb Itis doubtful whether

there 1s now any place for d in the of emp, o
If 1t 15 employed 1t should always be followed by nb resection, although an
exception to this rule may sometimes be made 1n the case of small children
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Post operatne core

peniod depending on the suze of the empyema and the motulity of the walls of the
cavity In the case of larpe cavities te-expansion of the lung will be assisted

Fie 12-~Th 2 photograph dllustrates
wa er seal dra nage the mathod of
£ ng the tube 10 the chest wall and
the  guesiwappng  used for
keep ng the dress ngs m pos tion

by the negative pressure induced by water seal drainage provided that the tung
15 not bound down by tigid sear tissue  As a practicat gude 1815 probable thm
water seal drainage is serving a nseful purpose so Jong as the column of water
m the glass tube shows a large respiratory “ swing  and a mean negauve pressure
10 With an of less than 500 mutilitres capacity

at the ime of dramage 1t 1s usually unnecessary to persist with water seal drainage
for more than a week but with large cavities ®t may be advisable to continue
for 2 3 weeks  When the water seal ts deemed to have completed s purpose
the tube s cut off close to the safety pm with which 1t 8 anchored to the chest
wall and any discharge subsequently drams nto the dressings  This has the
great advantage of allowing the patient to move more freely

1t 1s very important that the patient should perform breathing and postural
exeroises under the direchion of 3 physiotherapist who s specially versed i this
form of treatment  The exeroses are started on the day following operaton
they are untd the emy has healed and further umnt
respratory tovements have been restared to normat  The pattent should
pracice these exercrses as much as possible throughout the day and not only
1 the presence of the physiotherapust

Re-expanston of the fung will also occur mote quickly 1f the patient 1s physically
actne  He should therefote teave hus bed erly and undertate as much exertion
s the general conditson pecrmits  Most patients are able 1o get up wikin 2448
houts of operattan

Teegation of the empyema casy which was popufar at one tme and i st}
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frequently employed, should not be done, Sor it serves no yseful purpose and may
be harmful, because there 18 always a nsh that secondary wnfechon wilf be intro
duced 1t 15 obviously strongly contra indicated if 2 branchal fistula 15 present

Control of the drainage tube

The rapid obliteration of an empyema depends more on the mamtenance of
perfect drunage than on any othet factor  Lateral and frontal skiagrams should
be taken within 48 hours of surpical dranage A fluid level in the empyema
sndicates imperfect dramage , this may be due to blockage of the tube by fibun ,
1n other cases the tube 15 too long and so projects above the bottom of the cawity,
but somettmes 1t 15 tao short, so that the inner end has been withdrawn from the
cavity into the chest wall  In any of these circumstances, the tube must receive
immediate and appropnate adjustment

The length of the tube s subsequently controlled by frontal and lateral skiagrams,
taken after mntroducing 5 millilstres of sodized o1l 1nto the empyema through the
tube  The oil should be injected with the patient Iymg down , the tube 1s then
occluded with a spigot and the skragrams are taken with the patient 1n the upnght
position  From these * sinograms * or ** pleurograms ”, which should be taken
at intervals not exceeding 2 weeks, it 1s possible 1o determine the refation of the
umer end of the tube 1o the bottom of the cawity (Fig 13) The tube can then be
adjusted so as to provide dependent dranage  These films usnally also show the size
of the empyema  The tube must not be removed untd * sinograms * have shown
that the empyema cavity has been completely obhterated  This usually occurs
4-10 weeks after operation  Large cavities and those draned after the optimal
time require the longest peniod of dramage  Patients who require prolonged
dramage should be encouraged to return to ther employment with the tube
snif m posion

Possible future advances in treatment

One of the strongest arguments an favour of performing nb resection 1 all
cases of localized empyema 15 that this provides an opportunity to remave all
the fibrn from the cavity It 1s now possible to obtmn commerciaily enzymes
which are capable of breaking down within the human body the solid constitueats
of an wnflammatory exudate  These enzymes, whxfh are derned from the

e pponmindanance

and Read, 1950) Tt 1s possible that the intrapleural imjection ot these enzymes
may obviate the necessity for dramage of some cases of acute empyema but it
would be unwise to recommend this as a routine form of treatment until these
ferments have received more extensive tral  They are likely to be of parhicular
value tn empyemas which anse from infection of a haemothorax

Dunng tecent years some surgeons have tried to reduce the perx:)d of con
valescence by first sterizing the emp with Teutal y and
then treating the residual cawty by decottication (see page 44} Compiete
decorticatian folloned by an uncomplicated convalescence certamly gives qutck
results but decortication ss 2 major operation compared with nib resectron dramage

36




ACUTE EMPYIMA

and 15 1ot always followed b complete and rapd se-cxpansiont of the ung
s {herefore advisable 10 eserve ths form of yreatment for those patients who
are seen 10 the fiest nstance several weeks after the opumum ume for ex\ema\

drainage

Empyema wmy\lcahng Qiseascs other than yncumon'm
(U] Secondary o sepncaemm or pyacmd _n pauents wath 2 genemhzcd plood

1eCeIve treatmen simttar to that describe above for 3 osbpneumomc empyem

When the empyema 1% tocalized and eady for external drainagss the site for nib

fesection should e chosen by the method d:scnbcd gbove and should be separale
he wou ade to &

3 Empyemd secondar} 1o bmnchvmam _f the nfection assocmed with
o "

y s furth
nsetoan empyem? s possm\h\y should not pe forgotten becaust the dagnosts
1sapt o ve ssed, 50 that the empyemd pecomes chronic, and then, ifa proncho-
p\:um\ fistwla develops: the increased upccmmuon 15 mmbuled to an eXacer
bation of the pronchial nfection
(€] Emprema secondary 1o hung abscess —if a focud un! abscess ruptures
ple ral space, the patent often pecomes d:mg:rously A wihin @ few
hours n these cases the injecton of pcmcﬂ\m into the stinhing pyovncumm
thorat s often \fe-saving
[&)] Emmema secondary 10 pronchiogenic carcmnoma __1n pauents of cancer 3E¢
ema. the possibt! wty of an undertying growth should alwnays
ccrmder:d. (m\lcuhr\y 1n males, and if the acute Winess was p(cccdcd by
ccns\dcrablc pcnod of jassitude of by symp! oms of pronctial ¥ on
cases of doubt the patient should be subjected 10 ronchoscoP pefore &

mdicating that the groNh 15 100! , every € be M co!
the empyem by aspirauion and mlmp\:\lr:\ chemotherapyy so that exteradl
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dratnage may be avorded, for a dischargtng wound only adds to the misenies of a
dying patient

(6) Empyema due to actinomycosts —Infection of the pleural cavity by actino-
mycosts charactenistically produces a thin fayer of pus with much loculation,
but, exceptionally, a single cavity 1 a postp DY occurs
Infection of the pleura 1s often followed by much pan and later by mduration of
the chest wall and sinus fermation Dramage operattons are racely required
for almost all cases clear up completely and permanently as a result of prolonged
and 1ntensive systemic pemeilhn therapy It 1s suggested that at least 2,000,000
units should be gtven daily for a minimum period of 6 weeks

Comp! of acute empy
(1) Bronche picural fistula —Fistulac which complicate an acute empyema
almost invanably heal after dependent d ge of the

(2} Faiure of the lung to re expand and obliterate the empyema cavity —See
“ Chronic Empyema ™

(3} Infection of the chest wall —Before antibotics were used locally to control
the i emp, , It was to see an abscess mn the chest wall
at the site of a previous paracentesis, but such cases are now rare In a few
instances, spreading infecttve necrosss of the skin has been observed, usually
after dramage of the empyema These sertous cases should be treated by
1mmediate excision of the affected tissue with the diathermy knife, and the raw
area so caused should be subsequently grafted with skin

(4) Haemorrhage from the intercostal vessels, following dranage of the emp)ema
—This rare complicatton may be recogmzed by the occurrence of persistent and
profuse haemorrhage around the tube The tube should be removed at/once
and the wound packed with a gauze roll The pattent 15 then taken to the
operating theatre so that the wound may be re opened and the vessels hgated
Some surgeons claim that this complicatton does not occur 1if the vessels are
routinely divided between lgatures at the time of dramnmg the empyema

(5) Brain abscess —Because it 15 rare for a strajghtforward acute empyema to
give Tise to a cerebral abscess, this complication 1s considered at the end of the
discusston on chrontc empyema

CHRONIC EMPYEMA
It 1s obvtous that all cases of chrontc empyema have passed through an acute
stage and that the transition from the acute to the chromc stage is a gradual one,
so that there 15 no clear line dividing the two condittons  Furthermore the
conditions under which an empyema may be reasonably defined as * chromic™
ual <l

are subject fo the personal views of but 1t 15 suggested here
that the term, chronic, should be applied to those cases 1n which a cavity persists

for more than 3 months after the orignal pleural effusion
Aetiology and pathology

If an acute pyog Py 15 not dratned lly or aborted by aspira-
tron and local chemotherapy, more and more fibrous tissue 1s Jaid down, particu-
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larly on the parsetal layer of pleura thus immobulizing the chest wall and preventing
expansion of the lung [t 1s necessary to emphasize that the fibrous tissue 1s
laid down on the surface of the pleura and therefore should not be called  pleural
thickening , although 1t 1s often described as such  Sometimes the pus finds
1ts escape through a broncho pleural fistula and 1s expectorated  this 1s mentioned
above under Acute Empyema In other cases the chest wall 1s eroded and
some of the pus forms an abscess beneath the overlying skin and superfictal muscles
—a. (Fig 14) thisis soon followed

. My x-" ’ \
ﬂ,f“,\ )
Rt \

16 14 —Empyema necess tat s due to act nomycosis () the swell ng abose and med al
10 the left n pple 15 2 subcutancous abscess commun cat ng w th an empyema  (5) 4}
months later af er treatment with system ¢ pen ¢ 1l n (110 mega un 1s were § ven oser a
per od of 3 months)  therefore no'operat ¢ treatment was employed

by necrosis of the tissues covering the abscess and the pus escapes externally
leaving a sinus which may heal ntermttently or discharpe persistently

The fibrous tissue formed during this chron ¢ stage gradually contracts so that
there s progressive flatteming of the chest wall which 1s accompamed by a scohosts
with the concavity towards the affected side In add tion the mediastinum
which may have been displaced towards the healthy side dunng the acute phase
1s stowly drawn towards the side of the empyema (Fig 15)  The chromc inflam
maton also causes an irntation of the ofthe nbs overlyingth €l
2and consequently new bone 15 laid down on the inner surface of the nbs so that
oty ‘ortothe WMEREdal W tws seevon (i 16)

These changes are not confined to persistent undraned cavities for exactly
the same series of events occurs when a drained empyema s not rapidly obl terated
by re-expansion of the lune  The most common cause of persistence of an
empyema in spie of external dranace 1s premature removal of the tube A
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Fic 15 —Left sided  chronic em
pyema 1n a girl aged 18 years which
started as an acute empyema at
the age of 6 years Jodized ol
has been iyected into the cawity
and s just visible at 1ts basc

Fig 16 —~Chronic em-
pyema showing an ex-
treme degree of perios-
teal new bone form
ation  The cavity has
been dramed and a
tube which is far too
fong tnserted Todized
ol injected through
the tube has entered 2
bronchial fistula and
outhned the bronchial
tree
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remdual cawty 15 afso Iikely to occur if there 15 any imerference with free dramage,
as, for example, when the 1ube 15 100 fong or 1oo short, or when the dramage
opentng 15 not at the bottom of the cavity Sometimes an empyema fails 10
heat because the pleural safection 15 mamntamed by the presence of a {oreign
body, such as a piece of drainage matenal ot a sequestrated porior of nb, v
other cases the m(‘:ctmn may be hept up by an unsuspected actiologcal factor,
such as tub or pleural A chromc cavily
may also persist beeause the lung s not free to expand  This may be due to the
presence of uitrmsic disease, such a$ carcinoma, or fibrosis assoctated with a
chrone fung abscess or bronchiectasis Mote commonly, however, the lung
15 healthy, but 15 unable 1o re expand because 1t 1s covered with a npd fayer of
fibrous tissue  The latter may occur as the resuit of a defay in dramsng the
empyema or because the surgeon omitted to remove all the fibnin at the tme of
operanion  The Sung 1s also Bhely to become covered wath a thick layer of scar
tissue 1f a total empyema has been caused by dmmugc of a scpuc pleural efusion
before it has become tocalized by adh 1 fistufa

leads to a delay in re-expansion of the lung but, unless the fistuta 1s very latge,
1t does not often cause an empyema 10 become chrome, provided that the uader-
tytng tung 15 otherwise healthy

Clinical picture
Chmcaf tipes

Two clinical types of chronc pyogemc empyema may be recognized (1)
* latent ", m which drainage has never been performed, either becouse the diagnosis
was not made during the acute stage or because the ciimoan did not recogmze
the need for external deawnage, (2) * persistent ”, 1n which a cavity persists i
spite of external drawnage

Larent empyema —A pavent with a fatent empyema may be free from symptoms,
and may have been referred for treatment because the signs of an encysted
collection of fimd have been discovered on clineat or radiological exammation
Thus applies particularly to those cases in wiich the pus 1s stenle as a result of
erther focal of systemic chemotherapy  In other cases the pauent complans
of persistent fever, chest pain ot dyspnoea following an acute respiratory infection
Sometmes the patient notices that, afier recovering from an attack of preumanta,
hie has not teturned 1o the same state of vigorous health which he enjoyed before
fusdliness  Then, after an interval which vanies from a few weehs to several years,
he may sulfer an acute febride cp(sodc accompanied by preural pasn  If the
carrect dagnosts 15 not and these
symptoms may gradually subside but are lmb(e to recur agan and agne  As
fong as a fatent empyema persists, f may at any time d:\tlo’» 10 an empyems
necessitatts  the patient will then complan of a tender suel)mg tn the chest wall

Dersistent empyema —A patient with a * persistent ™ chmmc empyema most
commonly compluns because there 15 a
from the drainage wound following removal of the lubc Sometimes the woound
heals and remams healed for quite a Tong me, perhaps for a period of sexveral
years, and then becomes the site of an abscess which 1s, 1 fact, an empyema
necessitans I other cases of * persistent ™ empyema the tube has never been
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removed, and Further treatment 1s sought because the empyema cavity does not
show signs of undergoing progressive oblteration

Brancho-pleural fistla —A latent empyema or an oIl dramed persistent cavity
may at any tme lead to the formation of a broncho-pleural fistula : the most
prommnent symptom 15 then ltkely to be cough with purultent, and sometumes
blood-stained, expectoration

All those affected with chronic empyema are prone to suffer from fassitude and
other symptoms of poor general health

Signs of chronic empyema

The complexion of a patient with a chromic empyema 15 frequently pale and
* muddy ”, 1f the septic process has continued active for more than a month or
two  Plewral suppuration almost snvanably leads to clubbing of the fingers
and toes, sometimes within a few weeks of the onset of the mfectton  Physical
signs 10 the chest wnclude gross flattening of the affected side, and dimtnution
or absence of movement on srespration  The clasyicat sigas of pleural flmd
are usuafly present over the site of the empy If the empy 15 et
1t 1s common to find that the trachea and apex b2at are dispiaced towards the
affected side, on account of a shift 1n the position of the whole medastinum
In cases of empyema necessitatss, a tender soft swelting 15 found supsrficial to
the ribs, and this usually has an impulse when the patient coughs (Fig 14}

Radologieal appearances

A “ latent * empyema shows as a dense opacity ovee which the ribs are approu-
mated  Penosteaf new bone on the maer aspect of these nbs 1s frequently visible
and 15 pathognomonic of chromc pleural thsease , 1t 1s particularly matked when
the infection s caused by actmomycosis  If the empyema has been dramed ot
has dsch d 1y, ot if a broncho-pleural fistula has developed, at
15 common to se¢ 3 flud level m the cavity, 1n which case 1t »s usually possible
to sec the thickness of the fibrous tissue hining the cawmty sbove the fluid level
Skiagrams will also show the seventy of the scoliosts, and the extent to which
the diaphragm has been elevated and the mediastinum stufted as a result of the
chromic fibrosis  The films should be examined carefutly for evidence of a foreign
body within the empyema cavity, but, owing to the deasity of the opacity caused
by the thronic empyema, 1t 1s often difficult to see a foreign body even when it 1s
very radio-opaque, as, for example, with a nb sequestrum

Special imvestigation
If the empyema 15 not discharging externally, « sample of the flud should
d and sent for t 1 1 The operator
may have difficulty in passing the needle through the chest wall, because of
narrowing of the mtercostal spaces, and he must be prepared to meet with con~
siderable yesistance to tnsertion of the needle, far the fbrous tissue hnung the
empyema 1s often tough  The pus is usually thick, but it may be quite hin af
the flud has become stenle
When there 15 & staus present or a tube i ifw, & sample of the discharge should
be collected an 3 test tube and examined bactenalogically ¥t 35 parheslarly
important to search for ewidence of losts, because the of a
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CHRONIC EMPYEMA

1 p: may differ d y from that adopted for a chrome
pyogenic case ~ With this in mnd, the granulation tissue at the orifice of a sinus
should be mspected and, if 1t 1s pale and oedematous, which suggests tubsrculous
snfection, a small portion should be removed for histological exammation

The length of an empyema cavity may be estimated 1n cases 1n which there
15 a sinus, by passing a fine gum-¢lastic bougie mto 1t If the empyema 1s stll
berng drained with a tube, the tube should be removed for a few moments and the
patient rotated 1nto various positions 1n order to see whether or not the drainape
1s adequate , the discharge of a considerable quantity of pus after removal of
the tube 15 clear evidence that the drainage provided 1s inadequate In those
cases 1n which there 1s reason 10 suspect the presence of intrtnsic disease of the
lung, such as should be undertaken before
treatment of the empyema 15  statted

Treatment
A chronic empyema can be cured permanently only by obliteratron of the
cavity This may occur either as the result of re-expansion of the lung or in
of of the chest wall, 1n the latter case, the
partetal pleura falls 1nwards to meet and fuse with the viscesal layer where 1t
covers the partially collapsed lung £t 1s obvious that the functional and cosmetic
result 1s much bester when the cavity 1s obliterated by re-expansion of the lung ,
plastic operattons on the chest wall should therefore be resenved for cases 1 which
complete re-expansion of the lung proves to be unpossible

Re-drainage

Many cases of chronic empyema will heal by re-expansion of the lung 1f proper
dependent drainage 1s provided  In those instances in which there is a discharging
sinus or a drainage tube i sifw, 5 millilitres of 1odized 01l should be mtroduced
wnto the cavity through the sinus of tube, and skiagrams should be taken in the
antero-postenior and lateral positions  I'rom these 1t 1s possible to decide the
positton which a tube should occupy in order to provide dependent dramnage
If a sious leads into the bottom of the empyema, 1t may be dilated by the mntro-
duction of a laminana tent, and a tube of adequate calibre subsequently fixed in
position A sinus should never be dilated with bougtes, for cases have been
reported 1 which this procedure has been followed by the formation of a
bramn abscess  If the sinus or tube doces not fead 1nto the bottom of the cavity,
dependent drainage should be prnndcd by the resection of a portion of nb,
the site for this op may be from the sk taken after the
mtroduction of 1odized ol Resection of 2 nb gives an opportunity to obtam
a biopsy of the casity wall for examnation for evidence of tuberculosss, and also
to taspect the meerior of the cavity and thas exclude the presence of a forergn
body Therefore, even tn those cases in which there 15 already an opeming into
the bottom of the cavity, resection of a poruon of nb s usually preferable to
dilatatton of the sinus with a laminana tent  The dramage tube 1s cut flush
with the chest wall and allowed to discharge 1nto the dressings, because the mild
negative pressure induced by water-seal drainage 15 insufficient to wmfluence re-
expanston of the lungin a chroniccase It 1s possible to use moch higher negatine
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CHRONIC EMPYEMA

mobilized to allow 1t to fall on to the visceral wall of the empyema  Jtas held in
this possion by a pack placed on iuts outer surface  The skin and supesficial
muscles are sutured over this pack, feaving a small opening for drainage  The
pack 1s removed after 10 days and the wound firmly strapped over a large pad of
gauze and cotton wool  With moderate and large-sized cavities this operation
1s preferable to Schede’s operation, because 1t 15 more hkely to be successful,
and there 15 less deformity as well as a quicker convalescence

Complications of chronic empyema

Comphications due 1o chromc toxaerma ~The most common complications
are those which arise as the result of a chronic toxaema , they mclude pulmonary
osteoarthropathy, amylmd disease and nephnuis  The symptoms and joint
effusions usually clear up quickly
as soon as the chromc suppumuon mn lhe chest has been controlled  Itis important
to realize that amyloid disease 15 also reversible, provided that 1t has not been
present over a long period  In many cases the symptoms and signs of amyloid
degeneration improve greatly but do not disappear entirely, albuminunia 1s
paruicularly apt to persist 1n 2 mild form  Although nephntis 15 not common
1t 1s of particular importance to the surgeon, because pattents with this complica-
tion are often bad nisks for major surgical operations

Brain abscess —A chronic empyema may also be responsible for pyaemic
abscesses, particularly in the brain A persistent headache with nausea or vomiting
should always lead the chimcian to suspect a brain abscess, but, even if these
suspictons are confirmed, all hope of the patient’s recovery need not be abandoned,
for numerous authenticated cases have been successfully treated dunng recent
years by approprate neurosurgery
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CHAPTER 3

HAEMOTHORAX
Kennetit M A Perry
AETIOLOGY
Traumatic haemothorax
Titr MASORITY of cases of h h orof horax follow trauma,

which 15 usualty d with wounds, but with non-
perforating blows, even without fractured mbs  This subject was well reviewed
by Ogivie (1950) who found haemothorax in 230 (58 per cent) of his 400 cases
of chest injury ~ Simular figures have been found by other authors  Bradford and
Ellott (1915) 156 (92 per cent) out of 170, Kay and Meade (1946) 455 (91 per
cent) out of 500, and Thomas and Cleland (1945) 520 (70 per cent) 1n a serics
of 750 Traumatic pneumothorax becomes infected 1n about 22 per cent of cases,
the nfectton being either mtroduced from without or resulting from wnflammatory
changes in the lung A large haemothorax 15 vot so lthely to become mnfected as
a small one  Staphilococcus aurens 1s the mfecting orgamsm mn 50 per cent of
cases, but other common 1nvaders include steeptococes, Bacteriuni coli, Clostridyunt
welchy and other anacrobic orgamisms

Surgical trauma —H. horax 1s a rare of artificial pneumo-
thorax therapy, 1n which avessel may be damaged by the needle, 7 cases were
reported on by Miller and Rinkel (1937) Haemothorax may abso result from
thoracoscopy for adhesion section in about 4 per cent of cases , this s reviewed
by Harold (1951)
“ Spontancous ** hacmothorax

Apan from lh:sc accrdents lhcre 1s a rare but definite entity of * spontancous ™
In the magonty of patients the disease
ogeurs hcmecn lhc nges of 20 and 40 years, and :n most of the cases described
in the hterature the condition has occusred 1n males  When necropsies have
been performed the cause has been found to be the rupture of a pleural adheston
which contained a blood vessel  This acoident may occur in a healthy individual
or duning the course of treatment for pulmonary tuberculosts  Whenever the
patent has died, haemorrhsge has been the cause of death (Hophins, 1937
Pecry, 1938}
Hacmothorax as & complcation of other diesses

Rupture of either a syphilitic or a dissecting ancurysm of the aosta mto the
pleural casuy (East, 1939, Post, 1941) may occur as a termmal complication
of these diseases

Endometrioma of the pleura 1s a rare condition, which occurs tn women and
will produce spontancous hacmothorax, 1t s usyafly assoctated with endome-
trioma eisewhere so that ascites may also be present {Nicholson, 1951) (Fig 1%)

Apart from these causes of frank haemothoray, blood-stained pleural effusion
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occurs as a complication of carcinoma of the lung pulmorary tuberculosis
Hodgkin s diseise pneumoma cirthosis of the Iner reticulosis scarlet fever
smalipox arterial hypertension and mitral stenosts (Vaizey and Perry 1940)

SYMPTOMATOLOGY

In cases which do not result from trauma the pauent usually gnes a history of
sudden onset of sharp stabbing pain in the side of the chest although sometimes
it 15 located in the upper part of the abdomen This 1s followed by shortness
of breath  If the bleeding 1s extensive the patrent will be shocked and collapsed

He will rapidly become pale  On examunatton he may be febrile  There will be
a rmsed pulse and respiration rate  If the haemothorax ss rapid ke will gne the
appearance of a patent suffering from nternal haemorrhage  but of it 1y less
severe and if the lung ts torn at the time that the haemorrhage occurs he will
have the appearince of a patient with a pleural effuston or a pneumothorix

The trachea 1s hikely to be displaced away from the side of the leston  On the
side involved there will be dimimished movement an absence of tactile vocal
{remitus impaired percussion notes or stonv dullness and distant or absent
breath sounds  If there 1s a haemopneumothorax there will be hyper resonance
above the dullness  Sometimes owing to trntitton of the diaphragmatic pleura
by the blood there may be ngidity of the upper abdomen  This may be very
marhed and simulate the ngidity of a perforated peptic ulcer  Of the cases of
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this disease reported tn the lterature more than half have been operated on with
this mustaken diagnosis

THE FATE OF BLOOD IN THE PLEURAL CAVITY

The fate of blood 1n the pleural space has fong been a debated subject, but as
long ago as 1834 LeBlanc and Trousseau showed that blood wyected wto the
pleural cavity of horses first clotted and then was absorbed, and 1n 1916 Denny
and Minat showed that blood stamed flusd in the pleural cavity consisted only
of serum and cells

The problem has recently been studied by Ogiivie (1950) and by Harold (1951)
and 1t 1 now generally accepted that blood n the pleural cavwity clots at once,
but that this clot 15 soon broken up and dispersed by the movements of the heart
and lungs The blood 1s thus defibrinated and the fibun either 15 deposited
on the pleura or sinks m clots to the bottom of the pleuraf space  The pleural
cavity thus becomes like a blood-cyst hned with fibnin, thicker on the ponetal
than on the visceral pleura  The blood which would then be aspirated resembles
whole blood but, 1 fact, cannot clot since 1t has lost sts fibnnogen  This blood
acts as a foreign body and stimulates the outpounng of fluid, which reaches @
maximum within 3 days  The blood 15 thus difuted and the fibnnogen concen
tration nises, thus making secondary clotung possible in the second week , this
can be prevented by early aspiration  Sellors (1945) gives evidence supporting
this theory, by showing that there 15 a steady fall 1n haemoglobin concentration
n the flwd, and as steady a nse m fibuinogen over the period of 7 days after the
haemorrhage  If the blood 15 not removed an orgamzing haemothorax results
This process has been described by Samson and Busford (1947) Usually the
pleura remains normal though coated with fibrin, but 1 some cases the scar
tissue extends through the pleura into the interstinial tissue of the fung and this
may develop more rapidly 1f an empyema 15 present  Ogilvie (1950), however,
quotes cases i which dense fibrous adhesions have been found at aperation 1
the second week, even in cases of stenile orgamzing hiemothorax

PROGNOSIS AND TREATMENT
Ogtlvie (1950) showed that the average duration of iliness, in cases of stenie
} horax, ad treated by asp was about 6 weeks,

whereas if the treatment was mnadeguate this ime was doubled In s whole
series of 230 cases, which included 1nfected, clotted and organizing haemothoraces
operation was necessary 1n 63 cases (27 per cent) and that n these campheated
cases the duraton of Hlness was much Jonger and physical and psychological
results were less satisfactory, although there was only 1 death

Ia cases which occur dorng arhificial pnenmothorax therapy treatment, of
adequate, 15 50 satisfactory that a useful sucviving artificial preumothorax 1s the
rule  Deaths are rare, as 15 also the case in spontineous haemothorax

Endometrioma may be excised and an artificral menopause induced by r?cg;m%n
therapy In these cases afso the p 15 good Thep of hioo:
stained effusions depends on the aetiology of the underlying disease
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PROGNOSIS AND TREATMENT

Medlcal treatment

Ir all the fluid can be removed from the chest and the bleeding stops, asprration
and treatment of the anaemia may be the only treatment requiced  Aspirations
should always be started as soon as possible They should be continued so that
the pleurat cavity 1s hept dry  Intrapleural ingection of streptokinase will help to
break down fibnn  If the anacoua 15 not severe, the patient responds quickly to
iron , but in some 1mnstances blood transfusion will be necessary

Surgical treatment

In cases tn which blood clot 1s present, aspiration will not be possible, these
cases have been described as clotted haemothorax  Early thoracotomy with
removal of the blood clot 15 then essential - Blood clot left 1n the pleural cavity
causes rapid thickening of the pleura and frequently calerfication

Haemorrhage may be so severe as to cause the death of the patient  Tn such
cases immediate thoracotomy, with removal of the blood clot and tying of the
bleeding point, 1s a life saving operation

When the blood clot becomes infected or an empyema develops, chemotherapy,
systemic and intrapleural, with the drug to which the infecung orgamism 1s
sensitive 1s ndreated  There 15 much to be said however, for giving pentcilin
1n all cases as a prophylattic If an empyema develops it may require dramage

In cases of clotted or organizing haemothorax, decortication may become
necessary , 1f surgery 1s needed on these lines it 1s probably best carried out in
the fourth week of the iltness
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this disease reported mn the hterature more than half have been operated on with
this mistaken diagnosis

THE FATE OF BLOOD IN THE PLEURAL CAVITY

The fate of blood 1n the pleural space has long been a debated subject, but as
long apo as 1834 LeBlanc and Trousseau showed that blood injected into the
pleural cavity of horses first clotted and then was absorbed, and 1n 1916 Denny
and Minot showed that blood stuned fluid 1n the plenral cavity consisted only
of serum and cells

The problem has recently been studied by Ogiivie (1950} and by Harold (1951),
and 1t 15 now generafly accepted that blood 1n the plevral cavity clots at once,
but that this clot 15 soon broken up and dispersed by the movements of the heart
and lungs The blood 1s thus defibrinated and the fibrin either 15 deposited
on the pleura or sinks in ¢lots to the bottom of the pleural space  The plevral
cavaty thus becomes hike a blood cyst lined with fibrin, thicker on the paretal
than on the visceral pleura  The blood which would then be aspirated resembles
whole blood but, 1n fact, cannot clot since 1t has lost 1ts fibninogen  This blood
acts as a foreign body and stmulates the outpouring of flud, which reaches a
maximum within 3 days  The blood 1s thus diluted and the fibnmogen concen
tration mises, thus making secondary clotung possible 1n the second week, this
can be prevented by early aspiration  Sellors (1945) gives evidence supporting
this theory, by showing that there 15 a steady fall in haemoglobin concentration
 the flmd, and as steady a rise in fibninogen over the penod of 7 days after the
haemorrhage  If the blood is not removed an orgamzing haemothorax results
This process has been described by Samson and Burford (1947) Usually the
pleura remains normat though coated with fibrin but 1n "some cases the scar
tissue extends through the pleura into the interstitial tissue of the lung, and this
may develop more rapidly of an empyema 15 present  Ogilvie (1950), however,
quotes cases i which dense fibrous adhesions have been found at operation 1n
the second week, even 1n cases of stenle orgamzing hiemothorax

PROGNOSIS AND TREATMENT

Ogitvie (1950) showed that the average duranon of iliness, in cases of sterile
traumatic haemothorax, adequately treated by aspiration, was about 6 weeks,
whereas 1f the treatment was inadequate this time was dovbled In his whole
sertes of 230 cases, which included infected, clotted and orgamzing haemothoraces,
operation was necessary in 63 eases (27 per cent), and that 1 these compleated
cases the duration of iliness was much longer and physscal and psycholog‘“‘
results were less satisfactory, although there was only 1 death

In cases which occur dunng artificia) pneumothorax therapy, treatment, if
adequate, 15 50 satisfactory that a useful surviving artrficial pneumothorax is the
rule  Deaths are rare, as 1s also the case 1n spontaneous haemothorax

Endometrioma may be excised and an artifical menopause induced by radsation
therapy  In these cases also the prognosis 15 good The prognosis of blood-
stamned effustons depends on the aetiology of the underlying disease
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PROGNOSIS AND TREATMENT

Med:cal treatment

1F all the fluid can be remosed from the chest and the bleeding stops, aspiration
and treatment of the anaerma may be the only treatment required  Aspirations
should always be started as soon as possible They should be continued so that
the pleural cavity 1s kept dry  Intrapleural injection of streptohtnase will help to
break down fibnn  If the anaema 1s not severe, the patient responds quickly to
iron , but 1n some instances blood transfusion will be necessary

Surgical treatment

In cases in which blood clot 1s present, aspiration will not be possible, these
cases have been described as clotted haemothorax Early thoracotomy with
removal of the blood clot 15 then essential  Blood clot feft tn the pleural cavity
causes rapid thickening of the pleura and frequently calcification

Haemorrhage may be so severe as to cause the death of the patient  In such
cases tmmediate thoracotomy, with removal of the blood clot and tying of the
bleeding point, 15 a life saving operation

When the blood clot becomes infected or an empyema develops, chemotherapy,
systerme and intrapleural, with the drug to which the infecting orgamsm 1s
sensittve 1s indicated  There 1s much to be said, however, for giving pentcillin
i all cases as a prophylacuc  If an empycma develops 1t may rcqmrc drainage

In cases of clotted or y become
necessary  if surgery 1s needed on these lines st 15 pmbably best mm:d out In
the fourth week of the iliness
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CHAPTER 4

SPONTANEOUS PNEUMOTHORAX
Keswern M A PERRY

AETIOLOGY

IN PNEUMOTHORAX the air collects between the layers of the pleura causing 1t to
become a real instead of a potemml spwce  When flund, pus ot blood are also
present 1t 15 known as a hydr horax, p; ot haemo-
pneumothorax  Air may pain access to the pleural space through the visceral
pleura, from the fungs, through the chest wall as a result of penetrating wounds,
from the meditstinal organs, through the diaphragm from some hollow viscus,
or from gas-producing organisms infecting the pleura

Aetiologically the causes of spontancous pneumothorax may be divided into
three groups  The first group tncludes symptomatic pneumothorax which may
result from rupture of the parietal pleura as a result of trauma caused by penetrating
wounds, when a sucking pneumothorax may oceur, or non penetrating mjures
which result 1n laceration of the pleura with or without fractured nbs  The
tustory of injury will be evident The wisceral pleura may be perforated
empyema and also from lung abscess, pamcularly sluphylococcal lung absccsscs
1n chidren, which may result from t
septicaemua (Collis and Foster Carter, 1940, Butler and Perry, 1940)

The pleura may also be perforated by carcinoma of the lung or punctured
during operations of needling of the chest for paracentesis Bulateral pneu
mothorax s a post operative cause of death 1n thyroidectomy and tracheotomy and
the of the di may be a lift g measure (Keis, 1934, Bame,
1940, Ackerman and Bucker, 1941) O h 1 cancer or dental per
foration of the oesophagus dumng the passage of an oesophageal bouge or
u..sophagoscope may give mise to spontaneous pneumothorax [t sometimes

ph abscess or of the stomach and cofon and 1t
can result from meiston of the parietal pleura during operations on the kidney

The second group are those cases that develop a spontaneous pneumothorax
as a result of perforatmn of the lung by manifest active pulmonary tubercufosis
or as a of artificial p h therapy  Stta-Lumsden (1949}
recorded its occurrence as a 1 of artificial peritoneum therapy,
the air tracking to the pleural cavsty through a persistent pleuropenitoneal canal
A pneemothorax may, of course, be induced accidentally when the Tower inter-
costal route 1s emp d for the ind or of p 1toneurn

The third group 1s where 1t occurs 1n the apparently heal!hy The condttion
15 then known as bensgn spontaneous pneumothorax It 15 most frequent betw.cen
the ages of 15 and 35 years It 1s eight times more common 1n males than i
females

Rupture of the lung, with resultant pneumothorax, may occur it the
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newborn following a normal bicth (Elison and Carabelit 1940) It used
to be thoupht that bemgn spontaneous pneumothorax was the result of a sub-
pleural tubercle ruptuning mto the pleura and 1t 1s possible that in rare mstances
his 1s the cause of the condition  Ttis quite evadent however thatf this ocenrred
the pleura would be infected with tubercle bacilh and would immedately give
an acute febrile reaction with the outpouring of flwsd and raising of the sedimen
fation rate 8 reaction which never occurs in benign spontaneous pneumothorax
Kjaergaard (1932) and Perry (1939} followed groups of cases and showed that
1 was rate for them sut Iy to develop 'y which s
m marked contrast to pauents with pleural effusion  There 1s no doubt
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buaila w th a ruptured one bes Jde it Thits caused a spontancous preumothorax

that a vast majonty of the cases resull from the rupture of sub-pleural air vesicles
Such an atr vesicle may be a result of compensatory emphysema from chrome
pulmonary tuberculosis where the disease 35 quescent 1t 15 an infrequent
compheation of the focal emphysema of preumocomosis  The vesicles are some
ttmes of congenital ongin but usually resuft from non tuberculous scar tissue
formation {Fig 20) or chrome hyperirophic emphysema  The vesicles may
be readdly seen through a thoracascope and have been desenibed by Brogk, (1948)
He found that gencralized emphysema and localized bullous emphysema were
the commonest causes next to these small apical bullae ap cal scars or teanng
of the fung  Some cases tesulted from exther localized cysuc lung or generalized
polycysuic disease and a few cases appeared to anse from areas on the surface
of the lung resembling  cuchoo spst Spontancous pneumothorax may be
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SPONTANEOUS PNEUMOTHORAX

pl d by if 1 L which may spread to involve the pen-
cardiuim and give nise to a pneumopericardium  The air may also spread to
cause surgical emphysema of the head and neck and even the arm and chest wall

CLINICAL SYMPTOMS

The patient most often complains of pun 1n the chest on the side affected  The
pun 1s usually of sudden onset so that the patient can record the exact moment
and what he was domng at the time, rarely, the onset may be gradual with
the patient unable to date it at all  The pain 1s generally in the side of the
chest but someumes 1t 15 situated 1 the shoulder or the back, and rarely, the
patient complains of pain in the upper abdomen When the pun 15 abdominal
1t may easity be mustaken for a perforated pepuic ulcer  Jt most often occurs
early in the morning on getting out of bed, but 1t sometimes occurs later in the
dy, or after a prolonged rest such as a visit to the cinema  The pain 1s followed
by shortness of breath, especially on exertion, and sometimes the patient may be
cywnosed Among the less mtial p t ysis 15 perhaps
the most frequent, a little blood stained mucus being coughed up, probably
ansing from the Iung at the point of rupture  Vomuting may occastonally eccur
as an early symptom  In a few cases the patient ts greatly shocked as a result
of the disease

Physical signs will depend to a great extent on the amount of air in the pleural
cavity There 15 displacement of the trachea and apical beat away from the
affected side of the chest, d hed an hed tactile vocal
fremutus, hyper-resonince, diminished or distant breath sounds, apd absent voice
sounds, and 1n some cases the com sound elicited by placing a coin on the chest
and tapping with another The heart and trachea are not likely to be greatly
dsplaced but all degrees of displacement may occur  Ina left sided pneumothorax
the trachea may lic under the right sternomastoid muscle and the apical beat be
found on the nght of the sternum  When this occurs the patient 15 Trkely to be
cyanosed and orthopnoeic In most cases the patient 1s afebrile but in those
cases of tension pneumothorax which result from a valve Iike action of the pleural
perforation there may be a shght nise of temperature and pulse rate, both of
which are immediately relieved by removal of air

The diagn, can be blished 1 1y by x ray which
will show ait 1n the pleural cavity with usually no disease 1n the underlying lung
There 15 often congestion of the oppostte lung from ncreased blood supply,
which 1s always present and should not be ken for tubercul

Christic and MclIntosh (1936) showed that immediately the lung collapses the
* ! Cr ot e Asaresult

the blood

Iways seen

tn the radiographs, and also the rareness of cyanosis 1n this disease  If there

15 a tension prneumothorax a mediastinal herniation of pleura to the other

side may occur and show 1tself as a semu circle n the other lung _tjeld with the

ilum as the centre Such a shadow 15 not infrequent 1n the course of artificial

pueumothorax therapy The sedimentation rate 1s always normal and in most
cases there 1s no sputum for examination
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DIAGNOSIS
‘The history of the pain 1s sometimes rusleading and the case arnving at hospital
complaiming of pain 1n the side or back 1s easily labelled rheumatism, lumbago,
orfibrosiis  When the  pain s in the chest 1t may be labelled pleunisy, if, however,
the 15 and are taken, the diagnosis should
not be mussed In cases where there 1s displacement of the mediastinum the
diagnoss 1s easy because 1n these cases other signs are well marked It may

Fi6_21 -~Skiagram of a young man showing a single benign spontaneous
preumothorax of med umextent (Thearrows indicate the lung periphery )

however be difficult to even rad a case of
pneumothorax from one with a very large emphysematous bulla Con-
genital bronchial cysts may grow to a size that will give physical signs and radio
logical ly a i Such
cysts are frequent 10 1nfants A large sub-phrenic abscess containing gas 1s also
hable to be confused with a spontancous pneumothorax  In cases of bilateral
spontaneous pneumothorax it 18 not possible to compare the signs on the two stdes
but the patient 1s usually seriously 11l and there 1s thus no possibiity of the conds
non being mussed, shiagrams will estabhish the diagnosss  In relapsing or

) d 15 not so difficult as 1n the first attack,
and often the patient makes the diagnosis himself as soon as the symptoms
reappear
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PROGNOSIS
The course of bemgn sp r h 5 2 ble 1 the maganty
of cases, few necropsies bewng recorded mn the terature  The condition
may however became recutrent or chroni, and 71 such cases were described by
Brock 1n 1948 In most cases the lung expands n a period of six weeks, but
m a few cases the pneumothorax may persist for months or years  Recurrence
occurs in about 15 per cent of cases When recurrence does occur the patient
may have five, $1x, or even more attacks, and these may be on one or both sides

TREATMENT
Puncture wounds of the chest caused by a knufe or sharp instrument seal gmckly
and a closed p horax 15 then blished  As a result, however, of trouma

from jagged objects ar gunshot wounds, a sucking pneumothorax may develop
and become established under atmospheric pressure  This impedes the action
of the heart and Jungs, and 1t 15 most important to close the wound m the chest
wall as soon as possible A thick gauze pad may be fixed over the opemng 25
fust aid treatment  But on reaching hospital the wound shovld be excised and
sutured as soon as possible
¢ ples of of closed forax are the same whether the

fesion oceurs 1 the apparently healthy, results from trauma or from any other
cause  In milder cases the pattent frequently does not seek advice immediately
and when he does no treatment 15 Tequired  {n mMOFe severe cases rest in bed
for one week should be sufficient to allow the perforation to heal and the ar o
start absorbing 18 y except in tub
patients  In the benign cases the patient should be warned that there 1s a certain
nsk of recurrence of the conditian, this being greatest duning the first year
Tension p horax usually devefops slowly although as an exacer
bation two of three days after the onset of the onginal pneumothorax The
patient s greatly d d, orth and cy d, but the
may be immediately rehieved by the msertion of & Foster-Carter needle attached
to an under water drain  Pneumothorax occurnng 10 cases of severe generalized
emphysema or where bilatera) pneumathoraces have occurred may also require
the msertion of the Foster-Carter needle Such pauents should also receive
oxygen therapy, esther by means of bilateral nasal catheters, a nasal mask ot
oxygen tent The most satisfactory method of treating teoublesome chrome
ot relapsing and recurring pheumothorax 15 by means of pleuradesis by sver
nitrate, 5-10 mimms of 10 per cent solution 1s injected 1nto the pleural cavity
A febrle reaction follows which usually lasts about five days and 15 accompamh
by effusion of varymg size  When 1t has subsided st 38 advisable to show that the
pleural space 15 obluterated by demonstrating that 1t 15 not possible to induce an
artificral preumothorax

In cases where a [obe 1s grossly abnormal, usuatly from congenital cystic forma-
ton excisional surgery may be the best form of therapy
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CHAPTER 5

CALCIFICATION OF THE PLEURA
I C Looge Parcu and KexNeTu M A Prrry

INCIDENCE

Since the days of Aristotle pathologieal caleification of the pleura bns been recog-
mized, and 1n the 18th century Morgagat (1682-1771) drew attention to the cond
ton  Sunce radiologecal examunation of the chest has become common has
been realized that the condition 1s not infreq If the incd 15
by radiography alone 1t will be found in unselected cases to be less than 02 per
cent

In a senes of 1,845 cases Ulnch {1930) found a percentage of 087, Pnichasd
(1923) 1n 7,000 cases found 0 12 per cent, 1 Taylor and Schwartz’s (1937}
10 000 cases there was 0 1 per cent, and 0 18 per cent were found 1n 15,000 cases
by Floyd and Hepburn (1939) In contrast, however, Behrendt (1930), 1n reviewing
ex-servicernen found an madence of 12 per cent in 886 cases  Even allowing
l'or the greater nisk of inyury ln men especially 1 wartime they show pleural

on much more.g ly than women Thus Head (1934) found 1t 1

47 men compared with § women :md Odessky and Khioner (1932) 1 11 men and
2 women

AETIOLOGY
Most cases result esther from trauma, where there has been haemorrhage ito the
pleura cavity, or from mflammation of the pleura which may have resulted enthes
1n a serous pleurisy ot an empyema (Fig 24) Tt occurs 1n some cases of spontancous
pneumothorax, probably as a result of bleeding nto the pleural space (Fig 22}

TABLE
Caust OF CaClricATion TN 70 Cases (Heap 1934)
Cause Number of cases Bercen(agc

Gunshot wounds 17 243
Active tuberculosts & 114
Inactive tuberculosis 3 43
Pleural effuston 12 171
Dry pleurisy 7 100
Respiratory disease—

nfiuenza 1

pheumonia 1 143

pnenmonia and empyema 3

chromic lung dhsease 111

ospator 13 186

No respiratory disease




PATHOLOGY

FiG 22 —A man aged 50 years w tha
1 ght chron ¢ spontancous pneumo
thorax and calafied pleura

Caw(HOIN ann 2 - v - < 'West (1906)

ocgurs as

. tnd Tonhin

1d Church

and Elhs (1950) mention cystic changes but there 1s no recorded case of

calafication ansing 1n this condition

Head (1934) collected 70 cases of pleural calcification from the hterature  He

lists the causes as shown 1n the Table

PATHOLOGY
Calorf dateral and 15 related to the actiologten] cause it 1s
only bllaleml m the idiopathic eases  The caleum 1s deposited between the layers
of the pleura and while 1t 1s often loosely attached to the pleurat surface 1t 1s 1n
fact ntrapleural (Stott and Cotton-Cormwall (1933) Head (1933) Goullioud
(1906) Boswell and Dredge (1940)) In extensive calcification 1t may appear 1s
2 crust over the pleura (Hill 1933) The mechanism by which the calaum s
deposited 15 uncertain  Head and Boswell and Dredge (1940) consider that the
pleura acts as a dialysing membrane and the e1leium 1s deposited as 4 superficial
crust as the last of the flwd 1s absorbed  But Prtchard (1923) and Hsu and
Wang (1936 suggest that the flind or blood 15 encapsulated by thickened pleura
and slowly absorbed The nutntion of the pleura 1s impaired and hyaline de
gencration ensues in this degencrate tissue so that calam 1s then deposited
a &




CALCIFICATION OF THE PLEURA

FIG 23 — ldio-
pathic_ enlcifica
tion of the pleura
n a2 man aged 50
years who had an
abscess  potnting
on the surface

Fig 24 —Calcified pleura
resulting from a pleural
effusion in childhood




PATHOLOGY

While Pritchard (1923) and Head (1933) did not find local or remote evidence
of tuberculosts, Taylor and Schwartz (1937) regarded calctfication of the pleura
a to the of nanyotherorgan Haematogenous
tuberculosis produces a caseous pleuritis, with or without effusion and subsequent
calafication  In three necropsies they found the association of calaification and
caseation 1n the plenral layer Haematogenous tuberculosis was found elsewhere
m all three subjects It 1s however quite clear that tuberculosis cannot be the
cause n all cases since calefication 1s found n non tuberculous patients

The s1ze of the calcium deposits may vary from smatl spots (Hill 1933) to single
plagues (Pritchard, 1923) and multiple plaques (Pallasse and Martinon 1937)
and el(:nsnc shclls (Hill 1933, and West 1906)

found n of the pleura
(Pn(chard 1923) and Taylor and Schwartz (1937) regurd this as a common com
phication when the pleural layers are not adherent It 1s probable that the plaques
¢erode the Jung tissue and infection passes from a bronchus  Where the pleura
15 adherent small abscesses may develop which may potnt on the surface

CLINICAL FEATURES
There are usually no m with the but 1f 11 1s exten-
sive, shortness of breath may develop and cough 1s sometimes associated  If the
plaques give nise to pus formation there may be fever and an abscess may appenr
m the chest wall (Fig 23)  On exanunation the chest 1s ofien fixed and flattened
and shows an ympawred percussion note and dimmished atr entry (Beverley 1937
1942, Hsuand Wang 1936 Passalacqua and Farias 1939 Stott and Cotton
Comw:ll 1933)  There may be scoliosis (Hill 1933)

TREATMENT
In the absence of symptoms no treatment 15 indicated  If the caloium plaque or
sheet 15 loose or causing symptoms st may be removed (Head 1933 and Goul
Tioud, 1906)  If there 1s marked shortness of breath and the chest wall 1s fixed
decomcahon of the lung may be advisable ,
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CHAPTER §

TRANSIENT PULMONARY INFILTRATION WITH EOSINOPHILIA
JAMES L LiVINGSTONE

DEFINITION
TrRANSIENT pul with phulia (LofMer’s 13 defined
as a group of chmc:xl conditions, varymng w duration and severity, In wlich
transitory pulmonary opaciies and eosmophilia in the penpheral blood are
cardinal features  the histological picture suggests an antigen antibody tissue
Teachion

HISTORY

In 1932, Loffler described 5 cases and 1 1936 a series of SI cases with nummal
transitory pul and phiha up 1o 22 per cent

without leucocytosts Subscquenlly, Loffler uader Mater (1943) found ascans
infestahion n a proporhop of cases, partcularly an solihers of the Swiss army
Von Meyenberg (1942) reported post mortem exammations of 4 soldiers 1 whom
broncho-pneumonic patches were found with anfiltration of eosinophific celfs
Two of these pattents had ascaris worms in the mtestine

Since then numerous papers have appeared {rom all over the werld descnbing
groups of cases showing eostnophita and transient pulmonary infiltrations
these fall into 4 groups (1) Infestatton with parasites, for example  Ascarrs,
Necator americanus  {2) Toxte reactions from drugs, from serum imjections, and
seasiivity to foods and plants  (3) Bactenal snfections, particularly w patients
with asthma or other anergnc condmons. m rheumatic fever and brucellosis
{%) Tropieat chiefly i Inda
and Ceylon In 1940, anodt Moller and Barton reported 175 cases and in
1943 Weingaiten reported 81 cases and found that arsemic was spectfic therapy

Rich 20d Gregory (1943) produced polyartenitis nodosa 1n rabbits by sensptiza-
non to horse serum and they found a speerfic histological preture of fibrinord
necrosts of connective tissue accutning as 4 result of this antigen anttbody reaction
Harkavy (1933) and Bergstrand {1936} 1n post-mortem matertal 1n asthmatic
patients reported artenal lestons, fibrinoid necrosts and rheumatie granulomas
tés:nhany similar to the lesions 1n rabtats produced expertmentally by Rich and

regory

AETIOLOGY
The possible causes of this condition may be divided into 4 groups (1) Infection
wih parasies, for example Ascars lumbricordes N americanus, Ankilostoma
braziiense, Fasciola hepatica and Trichwnella spralie Acant (mutes), Entamocka
fustol nea and microfilaria have been suggested as possible causes  (2) Tove or
allergic reacttons to  (a) drugs such as the sulphonamudes, organic arsemicals,
and thsouracy! , (b) myections of foreign sera , {c) foods such as egg and tomato,
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and {d) pollens or certun plants such as privet (Lingustrum) (3} Bacternl
wnfections of the respiratory teact, particularly in patients with an allergic drathesis
(such as asthma, hay fever, and eczema) Acute rheumansm and brucelia
infections have been reported (4) Tropical eosmophilia (pulmonary eosino-
philiosis)  This appears to be a chnical enuty, 1 that although the cause 15
unknown, arsenic is a specific remedy

MORBID ANATOMY

In 1942, von Meyenberg reported post-mortem findings 1n 4 soldsess, 3 of whom
died suddenly as a result of accidents and 1 from tetanus  He described con-
solidations 1n the Jungs without fibrin formation, with eostophihic 1nfiltration,
grant cells 1 the alveols and thrombophlebitis and th \! m the
interstitial tissue  Eosinophilic infiltrations were present in the liver and else-
where  Two of these men had ascanis worms 1n the ntestine  Harkavy (1943)
0 post-mortem examination of four asthmatics found epsinophilic infiltration of
the inter-alveolar septa with artenial lesions, varymg from simple tntimal thickening
up to acute necrosis of the artenial wall with thrombosis  Bergstrand (1946)
described the post-mortem findings wn four asthmaties wath infection of the
T Y tract, lung nfit and lan the blood  Besides
polyarteritis nodosa lesions i vanous stages, he found rheumatic granulomas, as
described by Aschoff, mn the interstitial tissues of the lungs ; there was oedema
and swelling of the collagen fibres which split up into fine fibnls, wath large
e

bl which form d giant cells  eosmophil cells
were frequent, and considerable formation of fibrous tissue was present Ne‘Crosls
1n the centre of the was fi Iy found, and 2

were seen 1n the Interlobar septa which were visible to the naked eye as greyish
white streaks 1 the lungs ~ These appearances are essentially identical wath those
seen 1 rh and 1 subx T nodules

CLINICAL FEATURES

The clinical features of this cond, may be dered 1n 3 groups ding to
the actiology
Helmunth and parasitic infestations, serum and drug reactions

Symptorns may be entirely absent or minimal with lassitude, cough, chest
patns, shight fever and occastonally sputumi, which s rarely blood stained Physical
signs are either absent or confined to a patch of fine réles

Skiagrams of the chest show varying types of nodular opacities which disappear

in 10-21 days
The blood shows a moderate | with an hilia usually below
0 D

2 e de and treatment obviously depends

A search for parasites ot ova should be ma
upon the cause B
Bactenal infection, especially of the respiratary tract .

In this group there 1s a hustory of previous allergic conditions {asthma, eczema,
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TRANSIENT PULMONARY INFILYRATION WITH FOSINOPHILIA

Fic 27 —Extensive
qpacity 1 tight mid and
lower ‘zones shown on
the lateral view to be g
the anterior segment of
the upper Iobe and m d
basic segment of the
Jower lobe  Patent had
been free af symptoms
for three days

Fic 28 —Some clearmng
of the opacuy
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CLINICAL FEATURES

Aamh 18 1018 Tomn 103 n lip 100 Amscaren aceitoe buse snlarord  Sa ¢ th ok

- o . F
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per cent

March 26 1945 Improving good diuresis with Neptal

March 30 1945 Patient discharged hersell from hospital She remained bed niddenan
cardiae failure

July 1 Died  No necropsy allowed
Imestigations

Sputum few organisms  No tubercle bacill: many Charcot Leyden crystals and cosinophils
Pus cells were numerous

Stools no ova or parasites

Casom test  negauve
- N * yrmalty
- ¢ mm

urticaria and rhinitis) 1n more than half of the cases, and a family history of
allergy 1s common  The clinical picture 15 usually that of recutrent attacks of
bronchitis with severe asthma  Pleural effustons are common and may be
bilateral, with many eosinophil cells in the flwd, the proportion of these cells
may differ markedly in the fluid from one side as compared with the other  The
heart may dilate, and resume 1ts normal size at a later date  The spleen and
hver are often enlarged, the lymph nodes less frequently Nodules may appear
1 the subcutaneous tissues, muscles or tendon sheaths, similar to large * rheumanc
nodules ™ 1n rheumanc fever  Albummuria with red cells and casts may occur
periodically or persistently, and hypertenston may supervene with terminal
cardiac or renal faifure

There 15 a feucocytosss from 20,000 to 60,000 per cubic millimetre, with an
¢osmaophiha up to 84 per cent during the acute phases, faling to normal between
attacks

Rad. shows pul y opacities, rather larpe and
Asymmetrical, which persist for days or weeks and then disappear completely
These opacities do not appear to be areas of segmental collapse, and come and go
without defimte retation to the acute attacks of infection (Figs 25-30)

The majonity of recorded cases have died following an illness of 3-15 months
after the onset of the eosinophilia A number of patients are stll alive however,
and apparently recovering after observation for 2-4 years It 1s obvious that this
group, 1f not 1dentical with polyartentis nodosa ts very closely related to that
condition

There 1s no speaific treatment  Antihistaming drugs may be tned both during
the attack and prophyfactically

Tropical eosinop (pub ry 7
This condition appears to be a chinical entity, althoueh the actiology 1s unknown
1t occurs chiefly 1n India and Ceylon, although sporadic cases have been reported
n Amenca, North Afrca, China, Austraha, the Pacific Islands, Egypt and
tlsewhers
7



TRANSIENT PULMONARY INFILTRATION WITH EOSINOPHILIA

Viswanathan (1948) reviews the subject and reports the post mortem findings
m one ¢case in which there were nodules 1n the lung showing eosinophilic infiltra
tion and a simular picture to that descnibed by Bergstrand

Chmeal features

Acute type ~—The onset 18 sudden with fever from 102° to 104° F wth cough
and rapid respirations simulating acute bronchiohtss  The signs are those of
acte bronehitis and occastonally of patchy broncho preumoma  Radiographic
examination shows a patchy mottling confined to one part of the lung, or uniformly
distributed 1n all fields  There 15 a leucocytosis ranging from 12 000 to 80,000
per cubie millunetre with from 20 to 80 per cent of eosmophils

1f untreated, about a guarter of the cases clear up spontaneously 1n from 3 to 6
weeks, but the remainder become chromic cases

Chrome t3pe —The onset 15 wnsidious with malaise, lassitude, anorevia and
low grade fever from 99° 10 101° F Cough may be noticed at the onset or more
commonly after a week and 15 unprod , P 1 and often most g
at mght  Small blobs of viscid sputum are expectorated with difficulty and ther
1s marked dyspnoea on coughing or on exertion, rather than typical nocturnal
asthma The spleen 1s palpable 1 about half of the cases, and occasionally
there 1s hepatomegaly and enlarged lymph glands  Radiological opacities are
seen during the earlier stages of the disease, and occasionally persist for months ,
coarse motthng may be present throughout the lungs or confined to one part
cavitation may be seen but 15 uncommon  In the later stages, heavy hilar shadows
may be the only abnormality

The erythrocyte sedimentation rate 1s usually raised Vls\:vanat‘han .and

[T
syphilis “The reaction becomes negative after treatment with arsenic

Weingarten (1943) reported 81 cases and ebserved, when treating one patient
suffering from syphihs with neoarsphenamine, that there was a Eapld improvement
1n the symptoms and 1n the hil He then d that arsenic was
a speaific cure

The usual course of neoarsphenamine 1s 0 15 gramme foffowed by 7 weekly
smpections of @ 3 gramme  After the first dose there 1s usually an exacerbauoa
of symptoms with an increase in the eosmophshia The chinical symptoms an)
signs quickly disappear but the blood does not return to noemal for several
weeks after the completion of treatment

In real asthma or mn helminth infestation, orga
the condition nor 15 there the preltmunary tneretse m eoscaphiha wh
ponts 1n differential diagnosis

nic arsemc does not improve
uch are
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CHAPTER 7

POLYARTERITIS NODOSA (PERIARTERITIS NODOSA)
James L LivingsToNE

DEFINITION
POLYARTERITIS nodosa 1s a syndrome of unknown actiology, marked by wmflam-
matory reactions of the collagen connective tissue, particularly mn the walls of
arteries, and associated with a prolonged febrile course and multiple fesions
throughout the body and commonly ending fatally

~ HISTORY

Kussmaul and Mater 1n 1866 gave the original description of the condition and
correlated the chinical symptoms with the lesions found at autopsy  Since then
details of some 400 further cases have been published, particulacly duning the
past 15 years  although the majornty have been d d at autopsy, an

number have been diagnosed 1n hife on climeal grounds and confirmed by biopsy
of nodules  Page (1947) records a case tn which perstoneoscopy confirmed the
clinical diagnosis, the nodules bemng seen on the arteries of the stomach and
colon  Dunng recent years an increasing number of proved cases with recovery
have been recorded

MORBID ANATOMY

The essential lesion 15 an acute fibnnod necrosis of the collagen tissue, especaally
mn the walls of the smaller arteries and arterioles  There-is oedema round the
necrosed collagen, with mfiltration of endotheliord cells and lymphocytes, and
eosinophils are frequently seen n large numbers At a later stage the lesion 15
1dentical with an Aschoff’s node, stil Jater, fibroblastic proliferation occurs,
and when healing is complete a small fibrous scar remains  The artenal fesions
start 1n the media, but there 15 always a proliferation of the mtima at the sie,
and intravascular thrombosis, fupture of the artenial wall and aneurysm formation
are all common  Lestons 1n different stages of development may be seen at the
same time, and have been found 1n practically every organ and tissue of the body
The kidneys, hwer, lungs, spleen, heart, small ntestine, pancreas, suprarenal
glands and uterus are most frequently affected, and 1t 1s relatvely uncommon
to find nodules 1n the superfictal arteries which are avarlable for clinical diagnosis

In the kidney the afferent arterioles to the glomerult are frequently mvolved,
causing hyalimzation of the plomeruli, indeed, changes identical with thr;sc
found 1n malgnant hypertension may be found, and many patients with poly-
artentis nodosa die from renal faiture with hypertension and uraemia .

In biopsy specimens particularly, it may be difficult to detect the typieal ar(::‘;
nvolvement unless sepal sections are cut, and reticulum stains should be us
The degree of eosinophilic infiltration 1s very variable (Figs 32-35)

i



MORBID ANATOMY

FIG 32 ~Acute polyarterius
nodosa flow power)  Aftery
o strated muscle  Frbrinoid
necrosis and ccllular mfiltra
tion mvolung a segment of
the vesselwall Haematovylin
and eostn x 105 (reduced
by 3 on reproduction)  {By
courtesy of Professor H A
Magmie

>
A

Fic_33 — High power of Fig
32 showing acute fitinod
necrosis of media with cellutar
filrayion  of adventitia
a perarienal  tissues
Haematoxyhin and cosm  x
370 (reduced by { on repro
duction) (BY ¢ artew of
Professor H A Magnus )

Hiiory Female aged 41 years  Stx months history of 1oss of weight and swefling of ankfes
Admitted to hospital with irregular pyrexia to 102 with purpura acne rosscea and spleno-
megaly  Blood pressure 140 105 Haemoglabm 56 per cent with a normal leucocy fe count
She developed pam 10 the chest from a pulmonary infarct and did in coma afler sixtecn
days{Figs 32 33)

AETIOLOGY
The cause of polyarteritis nodosa 15 as yet qute unknown  Theories postulating
a speaific bactenium, virus or chemical toun hue been without scientific proof
The specific histological mcture of an acute reaction m the collagen conncetive
ihsue 15 1n many ways similar 1o the histology n acute theumatism aed 15 abo
found 1 fupus er deri tns, sclerodermia and
settain chronuc types of transicnt pul y with philiz - The
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POLYARTERITIS NODOSA (PLRIARTERITIS NODOSA}

N
SRR
"

116 34 ——Healed stage of
polyarteritis nodosa in small
remal artery (low  power),
shawing sntimaf thickemng
and segmental fibrosis with
aneurysmal bulging of media,
Prero-Mallory, x 70 (reduced
by § on reproductiony (8y
courtesy of Professor 11 A
Magnus)

Fi6 35 — High power of Fig
34 Prero-Maltory, ~ 140
treduced by on  repro-
duction) (B courtenr of
Professor H A Magnas y

History T N -
infarction
per cubic .
terminal .
(Figs 34,

theory of an allerge antigen-antibody reactton has been postulated but unnl
recent years there was no known method of producing stmtlar lestons 1n animals
Rich (1942), however, noted a marked increase in the inctdence of polyarteritis
nodosa in the post mortem department of the Johns Hopkins Hospital from 1935,
when suiphonanndes were introduced, 2s compared to the previous 25 {eﬂrs
He found that a high proportian of these patients had suffered from serum sickness
(from Felton’s ant-pneamococcal serun) or from sulphopanude drug reactions
n hfe
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POLYARTERITIS NODOSA (PERIARTERITIS NODOSA)

abdominal tenderness and the liver and spleen are ofien enlarged  Occult blood
may be found in the stools, without chnical symptoms

Pulmonary —Pleuntic pam, cough and haemoptysis are common, transient
physical signs may be found in the chest  Pleural effusion 1s rare Skiagrams
may show transient opacities suggestive of mfarctions

Renal —Attacks of lumbar pain and haematunia are among the most frequent
renal symptoms  Transient albuminuna and the passage of red cells 1 the
urine may be observed without obvious cause  Hypertension with uraemua is a
common ternunation of the disease, and a proportion of such cases are wrongly
labelled * nephritis ™

Cardiac —Tachy dysp and pr dial pamn are p N
the heart may be entarged and typical myocardial infarction may occur  Transient
pericardial frictions may be observed  As renal involvement 1s so prevalent,
the presenting features may be hypertension and cardiac hypertrophy

At post-mortem exammation the heart 1s frequently involved even when symptoms
have been mimmal during hife

There 15 nothing c} istic 1n the el d hie tracings, although
transient minor abnormalites may be seen and gross myocardial infarction is
not rare

Neurological —Recurrent severe headaches, pamnful stiffness of the neck and
penpheral neuritis are perhaps the most common neurological symptoms  The
cerebral vessels are less often involved than elsewhere, but focal lesions occur in
any part of the nervous system  Hypertensive encephalopathy may be a feature
1n the later stages

Locomotor —Transient arthritis, myalgins and tender nodules here and there
about the body are frequent mamfestations

DIAGNOSIS

The chaical picture of a chronic febrile wasting disease, with dissemnated lestons
about the body, 1s charactersstic If polyartenitis nodosa 15 kept 1n mind as a

possibility
The fol

g d have to be dered in the 4
Subacute bacteral endocardins —In this condition the Osler s nodes, petechiae
and cardiac murmurs, together with a posive blood culture, are dragnostic
Hypertension 1s rare wn this disease

Tuberculosis  chrome dissernnated or renal —In this the skiagram of the chest
may show filtration or enlarged mediastinal glands a polymorphonmka-r
leucocytosis 1s uncommon and M) cobacterium tubercufosts can generally b
recovered by direct smear or culture from gastnic secretions, urine of blood

— aps most closely simulates polyartentis
Sarcondosis —This condition  perhaps y simulates pol; artentss

ol
1n the Jung felds, Wil Lllialpis 1w pu -
lesion, m‘gfmlmg these, a biopsy of liver or tonsit may show the characteristic
histology
78
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CHAPTER &

ASTHMA
E R Botano
DEFINITION
ASTHMA 15 the name given to difficulty 1 breathing of a paroxysmal wheezing
type, which 1s app ly due 1o d 1 the b heal lumen and may be

caused by bronchial obstruction, muscular spasm, vascular engorgement, oedema
or ancreased secretion

It 15, therefore, the name for a symptom produced by widely different conditions,
and not strictly for a disease  The term 15 used, for example, i connexion with
cardiac disease, tn which case it would appear to be caused by temporary engorge-
ment of the lungs when the left ventncular output does not keep pace with the
right ventricular tnput It 1s also used 1n with the dysp of ad d
renal disease, in which the causes may be partly cardiac and partly metabolic,
and 1t can be used 1 connexion with the postural dyspnoea produced by the
pressure of mediasunal tumours I this section, however, 1t 1s proposed to deal
only with what 15 often termed bronchial asthma, which 1s paroxysmal in nature
and 1 which, between paroxysms, the patient 1s subjectively and objectively 1n
goad health

Compilers of text-books of general medicine are often at a loss as to the proper
section for allocation to asthma It 15 vaniously allotted to the sections on diseases
of allergy, diseases of unknown origin, diseases of metabolism, diseases of the
respiratory tract and disorders of the psyche—-all with more or less justice It
can, tn the absence of any general acuological certamnty, be justly deall with 1n 2
text-book on respiratory diseases, since, 1 a condition where so much else 1s
uncertain, 1t 15 at least incontrovertible that most of the symptoms and complications
of asthma are respiratory  Although more tons of paper and more galfons of ink
have probably been expended on expl the logy of asthma than have
been expended on any other common condition, we still know hitle of the true
causation of asthma  This 1s a statement which would not be accepted by aller-
gists, who have few doubts either about the cavse or the treatment of bronchiat
asthma  Thus Unger (1945), 0 hus text book, Bronchigl Asthma, states that,
the words bronchial asthma are to be employed ta mean Allergic Bronchial
Asthma , he also states that therapy 1s now based on three fundamental principles
(1) the discovesy, 1 possible, of the causes of the attacks, (2) the elimnation
of the cause, or (3) the desensitization of the patient 1f efimination 15 mpossible

Ths simple conception of asthma and its treatment 1s to be found 1n many
text-books, and 1s the basis of most of the treatment by allergists , at1s befieved
mn by many practitioners and even by many patients, but as a conception 1t 1s
over-stmphified and the treatment 1s over-rated
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ASTHMA

There 1s no question about the importance of allergy n asthma, but perhaps
too much emphasis has been placed on it through concentration on
the anti-allergic methods of treatment which have pre-occupied so many
professionally successful allergists, so that what lLies behind the allergy has often
been ignored

OTHER AETIOLOGICAL FACTORS

Psychological factors

There 15 no doubt whatever of the psychological aspect of as\hrr'm, even 1f one
cannot go as far as some psychiatrists, who regard asthma as a psychoneurosts
and the allergic fe as dary to the psych Some
psychtatrists have claimed to be able to cure their patients by psychoanalysis
alone without bothering about the allergens at all  Allergists agree that psycho-
fogical treatment 15 important, but only as a secondary factor 1n a condition 1
which the allergens play the leading and essential role

Other mechanistic theories

There are other mechanistic theores, such as the one which suggests that these
are trigger zones in the nasopharynx, which can produce attacks of asthma when
stimulated, and that, as a natural consequence of this, the patients can be made
nsensitive by operation, by canterization or by local injections, but these have
fallen into distepute  Other authorities state there are biachemical or endogenous
toxic causes for asthma, this theory leads to elaborate dietetre therapeutic pro-
grammes There 1s also an infective theory of the causation of asthma  These
and other theories are teferred to below

Extrinsic and intrinsic causes

Rackeman (1931) neatly classifies the types of asthma 1nto (1) extrinsic asthma,
m which he includes all the asthma produced by extrinsic allergens nhaled,
ingested or inected, and (2) intrnsic asthma, into which are bundled all the other
sorts—infective, toxic, neurotic, reflex and all the rest Many cases, however,
refuse to stay neatly even in these comprehensve pigeon-holes, and many
cases that mught reasonably be classified as extrinsic are affected or modified by
causes that should be labelled intrinsic  However, as the classification has some
shight beaning on treatment, 1t may serve a useful purpose

Incidence
B . ~ « x &a wac af tha frequency of the condi-

ice suggested that the
- 11mn cver{yAWO 6 pe&'
ent of groups n Great Britain anu 1 we Luneu States of Amenca an

:lse\?/herse‘ usrllx}égesi (h:t an meidence of about 0 59 per cent is probably correct

for both this country and the Umted States

Race —Lutle 1s known about racial susceptibility except that 1t ts probable

that the disease 1§ much more common 1 the ** civilized ™ races than in the others,
and that Jews have a relatively higher incidence as a racial group
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OTHER AETIOLOGICAL FACTORS

Sex —There 13 Jy the same of asthma between the
sexes, although some writers state that 1t is shightly more common 1n males

Age —Asthma makes itself apparent in the first decade of hife 1n approximately
30 per cent of cases ; most of the other cases are fairly evenly spread over the
next three decades  Excluding cardiac and renal asthma, the disorder 1s much
more rare after the age of 50 years, but 1t does occur at this age and even later
Those who classify asthmr as extrinste or intrinsic would say that extrinsic asthma
1s much commoner 1n younger people, while intrinsic asthma 1s much commoner
i the older group

Socral status —Asthma 1s rather more common in the relatively well to-do,
and amongst the workers 1t 1s more common wn sedentary than in manual
workers, even making allowances for the special exposure of these latter in par-
ticutarly dusty trades, such as flour-mulers, cloth workers, rag sorters, furners,
haiedressers, poultry-deaters and the Iike

Intelligence —There 15 a fairly general dea that a hugh proportion of asthmatics
are to be found amongst the more section of the There
may be some truth 1n this, but the sufferers from asthma are often more aggresstve,
more self assertive and emotionally less stable than their non asthmatic associates
They become Iy p selfish and introverted, but most
of the charactenstics described may occur as the result of their being set apart
by their condition and be otherwise unassociated -~

Emuronment —Geography plays httle part sn the aetiology of asthma No
locality 1s completely immune  Patients often attach great importance to environ
ment, stating that they always get asthma when they go to X and never when they
g0 to Y  Occasionally there may be some particular exposure 1o allergens at
X, which 1s absent at Y, but more often the attacks at X and the freedom at Y
are the results of auto-suggestion At all events, n a large clinte, some patients
will tell you that if they could leave X and be at Y all would be well, but others
tell you that if only they could lease Y and go to X they are sure they would be
“allnght™  Takingt by and large, patients are often freer from attacks at high
altitudes, provided that they have not developed complications  This may be
due to the absence of dust, to the freedom from infection or the general well being
induced by altitude, or to just plain suggestion

Heredity —The first book on asthma published in England, that by Sir John
Floyer wnitten 1n 1698, mentions the hereditary tendency tn asthma  Since his
fime there have been many studies, most of which tend to show that the fanuly
istonies of asthmatics show others suffering from asthma or allergic discases 1n
approximately 50 per cent of cases, whereas controls give a famuly history 1n only
about 7 per cent It would appear that more members of the famuly are affected
when both the parents have an allergic history than when only one has this, and
1t would appear 1n the majority of cases that what 1s transmissible ts the asthmatic
dathesis and not sensiivity to any particular substance, although there are family
istories which appear to show a transmissible hereditary sensiuvity (o eggs,
strawbernes or other foods

In general, asthmatic subjects tend to occur 1a small famthes, and genetic
studies do not reveal a convincing mendehan pattern
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CLINICAL FEATURES

Objectine findings
On examination 1t wil}l be found that the expansion of the chest »s grossly
bed even when the s mavimal  The rhonchr can be felt, the

chest 15 everywhere hyper-resonant, the cardrac and Iner duliness 1s deceeased, and
the diaph 15 d d shows that the breath sounds are
dimmshed but are often obscured by stbifant and ¢oarse rhonchi, n the later
stages there ase rales of all sorts of piteh, more or fess umformly distributed through
the chest

That the physical signs of hyp are due to d of the
fungs with a1, and the thoach marnly to bronchral spasm, can be shown by giving
the patient an adequate dose of After this hy

P

pp the normal Y d: are restared and the rhonchr dis-
appear, 1 an early case In the more chrome cases the origunally transient
distension of the asthmatre attack results m permanent distension due to
emphysema

Periodieity of atracks

Some cases show a periodictty which 15 of some wterest  Certain patients who
are sensiive to pollen get asthma only during the pertods when the pollea is ar-
borne and not at other trmes of the year A large group who suffer from bron-
chitis, either as the result of, or as the cause of, thewr asthma, only get altacks
durtng the winter months and not during the summer Many patients with
asthma gann complete reliel or improve with puberty, but some cases appear for
ihe first tme at that perrod  Some patients state that their attacks comcrde with
their mensirual perrods , but some women tend to place alt unusual phenomena
1 some relatian o therr percods, and chere s kitle evidence that there is any res!
connexion . the menopause does not scem o affect the course of the condiior
Many more women are reheved of therr attacks dunng pregnancy It 1s not
clear whether the factors here are bol or Some-
fimes patients have attacks only at weeh-¢nds, of dunng school holidays or simlar
penods  Here agan the explanations may be multiple  envicorment, change
of habts or routme, topical exposure to allergens, or psychologicat causes may
cach ar all be operatve

Contitions aliied to asthma

Har ferer —Certain pauents are sensitive to grass pollen or, more often, to
grass and tree pollens  These cause seasonal rhinorrhoea, somelimes assocrited
with attacks of asthma  The tendency 15 for the attacks to become less severe as
the patent grows older, and they tend eventually to dsappear spontancously
Records of thrs sensitry 1ty frequently occur tn the famuly history of cases of asthma

Allegtc rhumty ~The symptoms of this condiuion are simiar 1o those of hay
fever, namely  sneczing, runming from the rose, and nasal obstruction , but the
disorder 1s not scasontl 1t duration and docs not appear to be due to pollen
¥ tends 10 occur sn many people on first fiang m the mormng and, although
It may remuin bothersome for years, 1t tends 10 die out 1 the long rua Many
explanations have been guen for ut, varyiag from seasitiity 0 dusy, or orms
face-powder to tocul nasal d such as polypi or smusitis 115 certamly
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ASTHMA

commoner 1n women, particularly young ones  Sufferers from this condition
not infrequently tend to suffer from asthma sooner or later, and 1t also 1 an
important finding 1n the Mistory of asthmatics

Food 1diosy ncrasies ~Some patients get acute abdominal pawn fter the ingestion
of cestain foods AN sorts of foods have been smplicated, but chocofte,
strawberries and eggs appear rather more frequently in case reports of this
condition than do other foods

Urticaria and angioneurotic oedema —These condiions are often allergic and
are definitely d with the of certain drugs or foods,
or with the admumstration of serum  but they may appear apparently sponta
neously or, at all events without manifest cause These conditions tend to
oceur rather frequently 1n asthmatics but it does not seem that the reverse ts as
common

Migraine ~This 15 often sud to be alleric 1n ongin and therefore might be
of some importance i Instory taking but #s exact relttion to asthma is rather
uncertain

Eczema and prurigo (Besmer s) —Eczema 1s often found 1n 1nfants and young
children, exther assocrated with asthma or preceding it It 15 thought to be allergic
mongin It rarely persists into adult hie and 1t even more rarely appears in adult
sulerers

Seasonal conjunctinitis —Conjunctivitis 15 often associated with hay fever but
cases occastonally occur independently of the nasal symptoms

Other condinions —Many other conditions, from Meniere s disease to epilepsy,
have been described as allergic and therefore 1mportant 1n an alfergic history ,
but their position 1n this regard 15, unhike the conditions mentioned above, more
than dubious

Status asthmaticus —See under Treatment

Complications of asthma

Emphysema —Probably this 1s one of the commonest and most important
comphications  Jf spasmodic distenston of the lung occurs sufficiently often and
for sufficiently prolonged periods, over distenston and degeneration of the alveal
follow and the emphysema becomes permanent  Most chranic asthmatics show
evidence of this condition, and the well known barrel chest, with the hunched
shoulders and the forward stoop 1s the typical appearance of the confirmed
asthmatte When asthma occurs early 1n life, before the skeleton 1s fixed, there
15 often sucking in of the lower intercostal spaces and a pigeon chest develops

Loss of sttal capacity —The vital capacuy n asthmatics is considerably
dimimished, at first during the ttacks with recovery afterwards , later the dlmmu;
tion becomes permanent, although 1t 1s surprsing what an mmprovement 1n vita
capacity may be induced by re education in Breathing even 1n s¢16re £ases

Bronchins —Bronchitis can be 2 of asthma, or tlse asthma can

atie cases bron
be a comnlication of bronchitis In most long standing “f“:_"}_:fﬂ, entec these
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ASTHMA

DIAGNOSIS

Clinical diagnosis -

This 15 made almost entirely on the chmical history  paroxysmal shortness of
breath with tightness 1 the chest and wheezing, but with charactenstic freedom
from symptoms dunng the mntervals between attacks The occurrence of the
attacks n the early hours of the morning or on waking or at certasn seasons of the
year, and the relief of symp by P dics such as adrenaline or ephedrine,
the family history, and the personal history of associated conditions such as hay
fever or eczema, all combine to present 2 picture which helps to differentiate
asthma from other conditions somewhat simular in some respects  The most
difficult condition to differentiate, however, is cardtac asthma

Differential diagnosis

From cardiac asthma —The age of first onset 1s of some importance in differentia-
tion  Cardiac asthma would be unusual before the age of 45 years, except in
the presence of valvular disease of the heart, which would be mamfest It 1s
unfortunately not safe to assume that nocturnal dyspnoea, coming on for the first
time over the age of 45 years, 1s unltkely to be bronchral asthma, because, although
asthma usually starts i chidhood or adolescence, not a few cases, especially
those associated with bronchitis, occur for the first ttme in the fifth decade or later
The patient with cardiac asthma may have other signs of cardiac decompensation
but thts 1s not essential He will usually suffer from more distress and anxiety
than does the patient with asthma from other causes  His lungs will often show
marked basal oedema and hts sputum may be blood stained A case showng
well-marked cardiac disease 1s easy to distinguish but there are borderhine cases
which are much more difficult

From constriction or obstruction —A rare cause of pulmonary wheezing 1s
constriction of the bronchy, produced by enlarged glands or pressure of an ntra-
thoracic goitre, or by an enlarged thymus gland or a bronchial or medwstnal
neoplasm  The wheezing 15 then often localized or umlateral and presents httle
difficulty 1n differential diagnosts

Diagnostic aids
Shin tests
These are performed either by scratching the skin through a drop of a
solution contaiung an extract of vartous protemn substances, or else by the
intracutaneous infection of similar solutions By this means 1t 18 possible to trest
the sensttivity of the patieat to a wide range of substances, first by tes\mlg for
grouped reactions for a range of substances—for example, feathers or mou d:h—
and then, 1f sensittvity 1s shown, by making differential separate tests L;n x‘c
vartous component parts of the group Some clintcians attach great vatue 1o

these tests, and some text-books suggest that the whole diagnosis of the ct:"ms‘e of
a patient’s asthma and his consequent treatment depend on the 1dentt cafx‘zr;
of the offending allergens by means of skin tests. and on the de‘scnsmz;,:ho:egmn
patient by the myection of small but increasing doses of the al :rg!enlsx dg oo
It 15 2 sumple concepteon but, alss, far from the truth, for the skin tes

a simple story
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EMPHYSEMA OF THE LUNGS

nasrow alveolar duct to wide atrium, so that the inspired air may be thrown as a
Jet into the more remote parts of this termmnal segment  These lobules have been
studied 1n detail by means of senal sections and of specimens njected with
cellowdin, and 1in emphysema 1t has been shown that the lobule 1s distorted and
sometimes distended (Beitzke, 1925, Kountz and Alexander, 1934) The
alveolar duct 15 dilated and funnel shaped, so that air 1s no longer thrown nto
the atrium as a jet  If 1t could be shown that this jet of air does, in fact, serve a
useful purpose 1n ventilating the lobule, 1t would be reasonable to suppose that
this function would be impatred 1n emphysema

Changes 1n the lumina of the bronchi and bronchioles also occur, but these are
not constant  The termunal bronchroles, as well as the alveolar ducts, are usually
dilated, and this dilatation may extend up to the smaller bronchi, producing a
picture cylindrical bronct The state of the medium and larger
bronchi 15, however, very variable, and depends rather on the degree of bronchitis
than on the degree of emphysema, although some atrophy and dilatation are usual
1n severe cases

Blood vessels

The capillaries may appear to be narrow or obliterated and sclerosis of the
pulmonary arterioles 1s common  There s often hypertrophy of the night ventricle,
also enlargement of the pulmonary artery and, in advanced cases, night heart
failure  Not infrequently this ts associated with hypertrophy of the left ventricle,
which can usually, but not always, be ascribed to hypertension

Distribution of changes

The distribution of emphysematous changes 1s characteristtc  They are most
marked 1n the superficial parts of the lung, particularly at the apices and along the
margims  In the early stages they may be confined to these areas but, as the
disease progresses, emphysematous changes may be found throughout the lung

Loss of elasticity

Changes 1n the elasticity of the emphysematous lung were first suggested by
Willlam Watson 1n 1795  When the thoracic cage 1s opened on the post mortem
table, the lungs do not collapse, and this alone would appear to be proof that the
normal elastic recotl of the lurtg had been lost However, more detailed observa
tions on the pulmonary elasticity, made by measuring the force required to inflate
and deflate the lung, have given conflicting results 1n emphysema (Tendeloo, 1925 ,
Loeschke, 1928 , Thees, 1932) Considerable changes in the elastic properttes of
the lung occur after death, and the of post: tem of
elasticity has been seriously questioned  The fact that the lungs do not collapse
when the thorax 1s opened has been satd to mean only that they are over stretched
in the same way as a spring may be overstretched anrd yet maml‘mn mu‘ch of 1ts

may be 'complete 1n this disease has, however, been shown by measurements o the
wtrapleural pressure during life (see Figs 38-39) The ntrapleural pressure 18 an
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CHRONIC HYPERTROPIIIC OR OBSTRUCTIVE EMPHYSEMA

mdirect measure of the tension or elastc recoil of the lung, and :n emphysema
1t1s not always negatnve as it 1s 10 health , even at the end of a full mspiration the
ntrapleural pressure may be the same as that of the atmosphere, and 1t 15 not
altered when the jung 1s collapsed by a pneumothorax (see Fig 39) This can
only mean that 1 emphysema the elasticaity of the lung may be impauired at a
comparatively early stage of the disease (Chnstie, 1934)

FiG 38 — The elastcrty of the normat lung.
Svnchronous tracng of tdal ar (lower [ — /\
Qi) and mtrapleurs] pressure (u-percune)  [= v
ina patent with a mummal tbereulous Jesion
at the nght apex. To make the trang
comparable with that shown i Fig. 3¢
the lung has heen parmily collapsed by a
preumothorax, o that the pleural pressure
fuctuates aroand that of the atmosphere

AUA a deep breath 15 taken mavmal

drstension of the lung corresponds closely '
10 the ttme when the mtrapleural pressurc J H
1s most negatine  The elasticty of the lung | /7

s mtact  (From Christie ond Mclnrosh
1934)

matous lung Sy tracing of tidal
p v B air (lower cune) and intrapleural pressure
- {upper cune) In a patent with emphysema
M and a pocumothorax of 40 cubsc centimetres

ot
pleural pressure becomes only  shightly
[-. 1 more negative and at the end of inspration
: 1t returns 10 that of the atmosphere  The

LA lung does not begm to deflate unul the
pressure rositve nges
—— indxate that the elasucty of the fung bas

Tost. (From Chrustie 1933

These observations on lung elasticity are not merely of academuc terest, for
many of the anatomical and functional changes found 1n emphysema can be
explained on the basis of tts loss It s usually assumed that any loss of elastiaity
1s secondary to over-distension  What s not generally reahized 1s that the comerse
15 more likely to be true  the ealargement of the air sacs, and the fact that this

EEL .

oot cmamar mn - . ' -

e . .. . PR
chest wall and the dizphragm, and that this traction 1s counterbalanced by the
elastic pull of the lungs  1f the elastic recot! of the lungs 1s reduced or abolished,
as happens 1n emphysema  the thoracic caee will tend to assume the 1nspiratory
position and the lung will be distended  It1s probably this mechanism which 1s at
least partly responsible for the enlargement of the chest and low position of the
diaphragm m emphysema
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narrow alveolar duct 10 wide atnum, SO that the \nsp\red air may e thrown asa
jetnte the more remote parts of this \ermma\ segment These {obules have ‘been
studied 19 detatl bY means of senal sections 30 of specimens ingected with

celtordin, and 10 emphysem® 1t has beedt shown {hat the obule 15 distorted and
somettmes distend d etzhes 1925, Kountz and xand! )
alveolat duct 18 ditated ad funnel § ped, 0 that ¢ thrown 10
{he atoum as a ¥ it coutd that this jet f es, 1n fact serve 8
useful purpose ¥ entitating U pule, 1t WO d ble ppose at
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e

0 e s rather © e
than on he deg emphysema: although some atrophy and dilatation ar¢ usual

vessels

The capitlanes may apped’ to be parrow OF cb\ucra\ed and sclerosis of th
pu\monary artenoles S common There1s often hypertrop y o he 1t hnemnc\e,
ment he ry antety and, ¥ advanced casess nght heatt
fature Not m\'requem\y ths 18 assocmed with hypcmophy of the teft ventricles
which can usuatlys put not always, D¢ ascribed 1€ \\ypenensmn

Distributio” of changes
The distributiont of :mphys:ma(ous changes 18 chamc(msuc They ar1¢ mot
mathed 10 {he sul erficial arts of the lung, pnmcu\at\y atthe apies and atont t
m s In ¢he eart stages they Ta¥ be conﬁn:d o thest areas bubs as |l
Adisease progr:sscs, emphysemamus changes may be found !hmughou( the lung
Loss of elastictly

Changes the elasticity of the emphys:ma(ous fung Were first suggcs\ed by
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CHRONIC HYPERTROPIIC OR OBSTRUCTIVE EMPILYSEMA

indirect measure of the tension or elastic recoil of the fung and 1n emphysema
1t 15 not always negative as 1t 18 1n health , even at the end of a full ynspwration the
intrapleural pressure may be the same as that of the atmosphere and it 15 not
altered when the lung 15 collapsed by 1 pneumothorax (see Fig 39)  This can
only mean that 1 emphysema the elasticity of the lung may be ympaired at a
comparatively early stage of the disease (Chnistie, 1934)

Fig 38 —~The elastenty of the nom\a( (ung
Synchronous tracmg of tdal i

.

At A a deep breath 1s taken  mawmal
Sudnson of the lung corfesponds closely
10 the me when the intrapleural pressure
1s most nq;nme The efasticity of the lung
W oantact  (From Chrste ani Mclntish
1934)

FiG 39 —Reduced elasticity of the emphyse
ra matous fung  Synchronous maung of tidaf

26
o g e aw (lower curve) and intrapleural pressure
Y |up T cutve) 1n a patient with emphysema
M \ a pneumothorax of 40 cub ¢ centimetres

! on e nght sde  The plearal pressute

fluctuates around that of the atmosphere
At A when a deep breath - taken the

pleural pressure _becomes only  shightly

e, ' K ore neghtine and at (hé end of Inspiration
H « returns 10 that of the almasphere  The

lang, does ot begin 10 defiate st mc

pressure becomes postve  These <
g s Faducatc. that the Sty of the tang as
been lost  (From Chrase 1934)

These observations on lung elasticity are not merely of academic interest, for
miny of the anatormeal and functional changes found in emphysema can be
explained on the basis of s Toss Tt 15 usually assumed that any loss of elasticaty
15 secondary 10 over distension What 1s not generally realized 1s that the converse
ts more Ikely to be teue  the enfarpement of the air sacs, and the fact that this
enlargement 15 most conspicuous at the periphery of the Jung, can be explaned as
bemng the direct vesult of loss of elasticty  That this 18 so 15 apparent 1f t 15
remermbered that wn health distension of the lung is mantained by triction of the
chest wall and the dviphragm and that this (riction 15 counterbatanced by the
elasne pull of the Jungs f the elastic recont of the Jungs 15 reduced or abolished
as happens in emphysema the thoracic caee will tend to assume the inspiratory
posion and the lung will be distended Tt 1s prohably this mechanism which 1s at
feast partly responuble for the enfargement of the chest and low posttion of the
diaphragm m emphysema
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Loss of elasticity could also explain the over-distension of air sacs, and the bulla
formation which occurs on the surface of the lung Wit 1oss of elasticity the
expanding force 1s no longer equally distributed, and equal expansion 1n different
parts of the lung should not be expected  fn fact, the greatest expansion should
aceur where the force 1s applhied, and this 1s at the surface of the lung  With each
insptration one would expect the superficial air sacs to be straned and stretched
to a greafer extent than are the air sacs deep m the lung, and, with this progess
going on for months and years, it 15 easy to understand the over-distension of ayr
sacs and the buila formation which accur manly on the surface of the lung

Functional pathology
Haemo-respiratory exchange

The most smportant disturbance of Function m emphysema 15 an mability to
ventifate the blood, and this 1s usually apparent many years before the patient
reaches the pathologist It 1s retention in the blood of carbon dioxide which 15
believed 10 be responsible for the dyspnoea on exertion that 1s an early manifesta-
fion of this disease  cyanosts may appear later, and 15 due to deficient oxygenation
of the blood  Many explanations of this impairment of aeration of the blood in
emphysema have been given, but most of them ase based only on comecture and
can be shown to be unsound

Theor\ of muscular madequacy —It has been suggested that the respiratory
musculature 15 incapable of properly ventilating the lungs, for the same reasons
that the wital capacity and chest expansion are dimimshed , but the burden of
dlame cannot be placed on the muscles of respiration, sihce ventilation of the blood
13 impaired even when the amount of air drawn into the lungs with each breath
and during each minute 15 greater than normal Inability to hyperventilate on
exercise may be a factor i the production of dyspnoea, but the mam fault must
fie 1n the lungs, because for some reason the air which 1s inspired does not properly
sentlate the blood

Suggested barrier to the transfer of gases —It1s obvious that the defect cannot
be due to any barrier to the transfer of gases across the pulmanary epithelium, or
to msufficiency of functioning lung, since, 1n these circumstances, the lension of
carbon dioxide would 1nerease tn the blood but not in the alveoli  The fact that
~hanoes 11 the blood are assoctated with proportionate changes n the alveolar i

1947)  Although inability to mcrease adequately the Catuidt Vuput v vl
may be a factor n decreasing the exercise tolerance, 1t cannot be responsible for
the impairment of gaseous exchange n the fungs

Inadequate ventilation of air sacs —A much more reasonable explanaqon, and
one which 1s widely accepted on the Continent, 1s that the air sacs are not properly
ventilated —partly because they are big, but mainly because the alveolar ducts are
1 amwtad Mawsle 1675 Kountz and Alexander, 1934) It 15 true xhat, m
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has been named the  stratfication  theory, so called because 1t assumes a gradient
of ventilation in the lobuie those parts next to the alveolar duct beng over
ventilated apd the parts fusther away bewng under ventiated This sounds
teasonable but the validity of this theory of stratsfication depends on the Assumip-
tion that 10 health there must be arrcutation of air 1n the air sacs and alveol and
that diffuston alone ts wsufficient to mamtam adequate exchange of gases m the
fobules The diffusion of gases 1s governed by weil defined laws and 1t can be
calculated that even if the lobule ts | centimetre 1 drameter diffusion alone would
ensure the transport of gases across the alveolar space with a gradient of less than
1 milhimetre of mercury  Unegual ventilation withmn the lobule cannot account
for the extreme impaiement of gaseous exchange observed 1 emphysema 10 which
the pressure of carbon diovide may be rmsed by 30 or 40 milbimetres of mereury
{Christe 1939 Rauwerda 1946)

Increased sohane of the fungs —~lncrease m the volume of the tungs has been
suggested as the cause of wnpared ventlaton  Provided that venhiation s
distributed evenly throughout the lungs an ncrease in lunp volume doss not
significantly impatr haemo respiratory exchange (Bates and Christie 19501

Unequal distribunon of sennfasion —An increase m the respiratory dead space
has been suggested as the cause of impured hacmo respiratory exchange but
there ts ample evidence that any increase in the anatormical dead space——the space
occupred by the resprratory passages down to the bronchioles—is 100 small to be
of pracucal sigmficance (Hoover and Gammon 1915} I shall nat enter into &
discussion on the meaning of the physiologcal dead space  Most physiologsts
will agree that those who claim an increase i phystologieal dead space in emiphy

senit are merety statngin & il d way that the of 15
unequd 1o the normal indivmdual the distnbohion of ventilation 1s remarhably
even the lungs and q; samples of alveolar air taken after

expirations of varying depths are more or fess umiform 1 composition  This is
not the case i severe emphysema  the deeper the patient expires the higher is the
carbon dioxide content and the fower 1s the oxypen content of the  alveofar air
These erses show the 1ppisent paradox that although the amount of air inspired
s normal or even tncreased many of the alveoh are under ventdated (Roelsen
1938 and 1939)  Furthermore the respiratory quotient of samples of 2ir 1aken
1t the end of « forced expiration may be very low and this can only mean that
the sample has come (rom a part of the lung which 15 grossty under ventifated
There 1s also 1mple evidence that the ability 10 produce a homogencous mixture
of gases 10 the luag 1s imparred m emphysema (Cournind and his colieagues 1941
Baves and Chrsue 1950 Brscoe B chiahe ~nd Rose 1951  1hs 15 due 10
over venblation of certun pants of the hung at the expense of other parts
Pathologica! resprratony d al space —The most kely explanation of this
mquatity 1n the distnbunon of ventifauion 15 that much of the inspired ar s
deflected 1o the enlarged air sacs and hullac the walls of which are avascular and
which are therefore not i contact with the puimonary circutation (Christie 1939
and 1944 Rifey and Courmand 1949)  This wastage of yentitanon on function
less awr sacs cannot be defined as wstace due to increase s phystologeat dead
spue {or there 1s notlung physiotoe cal 1bout an emphysematous bulla  Norcan
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1t reasonab\y be calted yncrease 1t an:noxmca\ dead 5pace 1fa defimuon 18 wanted,
o o g cause Of ympaied haemo respiratoty exchange 11
emphysem? the formation of a p:nho\og\ca\ respiratory dead space, consisting of
pullae and other air 5a¢8 which aré not 1n 1ntimate contact with the pulmonary
e
W

n ema Muc

this palho\og\ca\ dead SPaces so that those areas, of the lung which contaift atveolt
well perf sed with plood ate undert vcm\\:n:d The patural result of this nbnormal
distnbution of yentation 10 {he lungs 1 ymperfect aeration of the bloo

Dyspnocd
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unnatural respiatd’ efforts,
by 1
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15 also ncreased even under resting condittons, and the most hikely explanation 15
that, under the stmulus of anoxm. the night ventncle maintains an increased
cardiac output 10 spite of y vascular bed
(McMichael and Sharpey Schafer, 1944 , Rlchards. I947) On exercise there 15
a further large increase 1 pulmonary arlenal pressure but, i spite of ths, the
increase 1n cardiac output may be negligible (Hickman and Cargdl, 1947 , Riley
and his co workers, 1948) Inablhty to 1ncrease the cardiac output on exercise
may be of ds y but these observa-
tions, which are recent, will have to be conﬁrmed and ampllﬁed before they can be
apphied to the interpretation of symptoms in this disease

Electrocardiographic changes —Much has been wrnitten on the electrocardio
graphie changes 10 emphysema and 1n chrome cor pulmonale , there are night aus
deviation and usually a prominent P-wave in lead I Praecord:al leads may also
show the changes charactenistic of night ventriculir hypertrophy (Myers, Klemn
and Stafer, 1943)

Lymphatie circulation —The lymphat, ! m has recerved
but scant attention  The pcnphcral lymphatic vessels may show cellular infiltra~
tion, and the charactersstic pigmentation of the lung may reflect defictent lymphatic
drainage
The blood

The carbon dioxide combiming power 1s usually increased 1n patients who are
incapacitated by dyspnoea, and may be raised to over 100 solumes per cent
This increase 1s a response to the retention of carbon diowide, and represents the

by which the acid-base balance 15 , although the alkalh
reseryve 15 increased, these patients are 1n a state of compensated gaseous acidosis
The oxygen tension and oxygen saturation of the arterial blood are reduced
Less commonly, 1n patients with severe cyanosss, there s polycythaemia

Riley and Cournand (1949) and other authors have recently emphasized the
value of artenal-blood gas analysis in estimating the impairment of respiratory
function in this disease  Both the laboratory procedurc and the mterpretation of

results 1n terms of ** ventilation perfusion rclauonshnp nrc complex, to say the
R N ) U O SN T e

blood 15 1n equilibrium with the carbon droide of the alveolar s, then the pressure
of oxygen which should exist 1n the ahveolar air and n the arterial blood, if a
similar equlibrium ewsted with regard to oxygen, can be calculated from the
respiratory quotient  The difference between this * 1deal ™ oxygen pressure and
the oxygen pressure which 1s actually found in the arterral blood 1s expressed as
the * alveolar artenal gradient ™ This gradient 1s increased in emphysema and
1s assumed to reflect the passage of unacrated blood through the lungs It can
also be expressed in terms of * venous admuxture *
Chimeal picture
History and progress

With rare excepions there 1s a history of chronsc bronchitis or asthma of several
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1t reasonably be called imcrease n anatomical dead space  1f a definition 1s wanted,
I should prefer to give as the cause of imp h piratory exch mn
emphysema the formation of a pathological respitatory dead space, consisting of
bullae and other arr sacs which are not wn ntimate contact with the pulmonary
circulation  In severe emphysema much of the 1nspired air 1s wasted by enterng
ths pathologteal dead space, so that those areas of the tung which contamn alveols
well perfused with blood are under-ventilated  The natural tesult of this abnormal
distnibution of vennfation in the fungs 1s imparfect aeration of the blood

Dy sproea

The cause of dyspi m emphy ts clearly l of the resp y
centre by the carbon dioxide retained 1n the blood  The chromcity of the disease
atiows the patient with emphy futl scope for ch 1 'y changes

m the blood, and the mabihty to ehminate carbon dioxide may be efficiently
compensated by an increase 1n the bicarbonate reserve (carbon dioxide combining
power) This p 'y h 15 to ensure a normal actdity
of the blood while the patient 1s resting, but any increase 1n metabolism—such as
occurs during exercise or dunng a violent artack of coughtng—s immediately
assoctated with an increase 1 the blood carbon dioxide and stimulation of the
respiratory centre

The emphysematous patient 1s, indeed, n an unfortunate position Both
nspiration and have to be ted by { y efforts,
and a considerable proportion of the air which 1s inspired 15 wasted by not comng
mto proper contact with the pulmonary blood At rest the patient can just make
ends meet , with the help of compensatory changes i the blood, carbon dioxde
elimination and oxygen absorption keep up with the metabolic demands  When
the bolic d ds are d by exercise, this balance breaks down
The patient 15 unable adequately to wcrease the ventilation of the blood Carbon
dioxide and it , so that true chemical dyspnoea, due
1o acid stimulation of the respsratory centre, appears  In the absence of broncho-
spasm or heart failure, there 1s no orthopnoea, because there 15 no pulmonary
congestion, which 15 the cause of true orthopnoea
The pulmonary circulation

Extensive changes 1 the pulmonary vascular bed can be seen af autopsy, and
1t 15 usually assumed that there 15 sufficient vascufar destruction to wmpaic the
cireulation through the lungs This belef 15 not based on any gquanhtatve
measurement, because 1t 1s not possible to estimate with the mictoscope even the
approximate proportion of capillaries that have been destroyed It should not be
forgatten that the pulmonary vascufar bed has an enormous reserve, which s
well tllustrated 1n modern thoracic surgery, when the :vho!e of onc‘ I'ung) may be

artery and right ventnck
within the pulmonary a
sesistance to the flow of
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15 also 1ncreased even under resting conditions and the most Likely explanation 1s
that under the stimulus of anoxia the right ventricle mantams an tncreased
cardiac output in spite of increased resistance n the pulmoniry vascular bed
(McMichael and Sharpey Schafer 1944  Ruchards 1947) On exercise there 1s
a further large 1ncrease 1n pulmonary artersal pressure but in spite of this the
1ncrease in cardiac output may be neghgible (Hickman and Cargill 1947 Ruley
and huis co workers 1948) Inability to increase the cardiac output on exercise
may be of derabls but these observa
tions which are recent will have to be conﬁrmed and amplified before they can be
1 1
. ' 1 the electrocardio
there are night axis
" 11 rdial leads may also
show the changes characteristic of right vemncu!ar hypertrophy (Myers Klen
and Stafer 1948)

Lymphatic circulation —The lymphatic circulation m emphysema has received
but scant attention  The peripheral lymphatic vessels may show cellular mfiltra
tion and the characteristic pigmentation of the lung may reflect deficient lymphauc
drainage
The blood

The carbon diovide combining power ts usually increased 1n patients who are
ncapacitated by dyspnoea and may be raised to over 100 volumes per cent
This increase 13 a response to the retention of carbon diowide and represents the
mechamsm by which the acid base balance 1s maintamed  although the alkalt
reserve 15 increased these patients are 1n a state of compensated gaseous acidosis
The oxygen tenston and oxygen saturation of the artenal blood are reduced
Less commeonly 1n patients with severe cyanosts there 1s polycythaemia

Riley and Cournand (1949} and other authors have recently emphaslzcd the
vatue of artenal blood gas analysis in the
function 1n this disease  Both the laboratory procedure and the mterpretahon ol‘
results 1n terms of  ventilation perfusion relationship are complex to say the
least but the basis of this new Line of approach 1s as follows  The measurements
which have to be made are the pressure of carbon dioxide and of axygen m the
arteral blood and also the respiratory quotient of the exprred arr I the assump
tion be made that 10 health as well as 1n disease the carbon dioxide of the arteriat
bloed 151n equilibrium with the carbon dioxide of the alveolar air then the pressure
of oxygen which should exist 1n the alveolar air and 1n the arterial blood if a
sumlar equil bnium existed with regard to oxygen can be calculated from the

y quotient The between this 1deal oxygen pressure and
the oxygen pressure which 15 actually found 1n the artenil blood 1s expressed as
the alveolar arterial gracient This gradient 15 increased m emphysema and
15 assumed to reflect the passage of unaerated blood through the lungs It can
also be expressed 1n terms of  venous admuxture
Chmeal picture
History and progress

With rare exceptions there 15 a history of chronic bronchitis or asthma of several
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years’ duration, but the cardinal symptom of emphysematself s excessive dyspnoea
on exertion  The onset 15 usually slow, but it may be abrupt, 1 whteh case there
1s fy a history of acute resprratory infectron  Over a pertod
of months or years the patient complains of increasing breathlessness, which may
diminish from time to time with any improvement 1 the assocrated cough or
broncho-spasm  For this reason patients often state that they are better during
the summer months

Cyanosis 1s usually inconspicuous, even tn patients who are very dyspnoeic, but
it may be severe, particularly in the termenal stages of the discase, when there may
be secondary polycythaemia and clubbing of the fingers The primary cause of
this cyanosis 1s 1nability to aerate the blood, but peripheral stasis and polycythaemia
may also be important factors

The progress of the disease 1s usually msidious, but rarely 1t 1s rapid, and the
patient may be incapacitated with severe dyspnoea within a year or two of the onset
Usually there 1s a slow progression of symptoms over many years, and, if the
patient does not die of ntercurrent infection, the symptoms and signs of cor
pulmonale and right ssded heart faure may supervene  The danger of right-
heart failure 1s, however, unpredictable , some patients may be incapacitated by
dyspnoea for years without any evidence of cardiac impairment, whereas others
are first seen in heart faure, and will only admt a brief penod of moderate
dyspnoea  The most common complication s said to be arteral hypertension
Spontaneous pneumothorax, due to rupture of the flimsy wisceral pleura may
occur  less frequent 1 are h. plysts and } emphysema.
Failure of vistan due to papilloedema s very rare, but 1t occasionally occurs, usually
1n patients who have developed second try polycythnema

Plysical signs

Although the significance of phystcal signs n the diagnosis of emphysema has
been disputed, it 1s nevertheless true that in the advanced stages of the disease
certain signs are usually present

Inspection —The chest may be barrel shaped , thoracic hyphosts, loss of
pull y el and y obstruction contribute to this deformity
The relative tmportance of these factors varies from patient to patrent, and it 15
not surpnstng that enlargement of the thoracic cage may be marked 1n some and
anconspieuous n others, although they may be mncapacitated by the disease If

the enlargement of the thorax 1s considerable, the intercostal spaces are usually
Ve e e

wide and the nibs ter - ased

. hort

The supraclavicular
neral

Expansion of the ¢t .
elevation of the thoras, heaving in character  Expiration 1s often visibly prolonged

These phenomen are usually eastly demonstrable, and they reflect the dis
orgamzanon of breathung which accompanies loss of pulmonary elasticity and
expanston of the thoracic cage  The diaphragm, because 1t 1s no longer pulled
upwards by the lungs, descends and becomes less convex, and 1ts movement on

18 greatty du hed e 1 muscles wilf also be unable to
perform thewr proper function, because they are concerned with moderate msplr.’l(;
tion and the chest 1s already expanded when irspiration begins , in order 10 expani
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the chest further, the accessory muscles wil! have to be used, and these raise the
front of the chest as a whole 1n a ** heaving ** manner, such as occurs 1n a normal
indivadual towards the end of a forced inspiration  Thus inspiration has to be
performed by means of an unnatural mnspiratory effort, and the patient with
emphysema will encounter even greater difficulty 1n deflating hus lung Normally,
expiration 1s largely, if not wholly, a passive act, the thoracic cage 1s pulled
mwards by the elastic recoil of the lung  With loss of elasticity there must be
loss of elastic recot, so that if the lung 1s to be deflated 1t has to be squeezed The
tesprratory musculature was not buit for this task, and the intercostal muscles
have to be assisted by the accessory muscles of expiration  The muscles of the
abdomunal wall can sometimes be felt to contract on expiration, which 1s prolonged
as 1t 15 11 other conditions, such as asthma and tracheal obstruction, 1n which the
lungs are compressed by an active muscular effort  With so extensive an impair-
ment of both inspiration and exprration, 1t 1s not surprising that the vital capacity
and chest expansion are reduced

The apcal impulse 1s seldom visible or palpable, since a constderable thickness
of melastic lung 15 interposed between 1t and the chest wall  In contrast, epigastric
pulsation is often marked, presumably because of the low position of the diaphragm

Palpation —On palpation the vocat fremitus may be unaltered, but often 1t 15
dimmished, possibly because bullae and enlarged air sacs are poor conductors of
sound

Percusston -—On percussion resonance s increased It s probably the superficial
over distension of aur sacs and formation of bullae which cause the remarkable

hyp of the note, which 1s and which
may be more resonant than over a pneumothorax  The hmuts of lung resonance
are mncreased because the size of the lung 1s increased, particularly 1n the region
of its margins  The potential gap between the chest wall and the heart becomes
filled with emphysematous lung  This space can be clearly seen in the laterat
view by radiography, and 1t explains a variety of physicat signs  The absence of
the apical impulse, loss of cardiac dullness, and distant heart sounds necessarily
follow  Similarly, the loss of liver dullness must in part be caused by evpanston
of the lung 1nto the pleural sinuses, although the low position of the diaphragm 1s,
of course, another factor

Auscultaron —On auscultation the breath sounds are famt, particularly at the
bases, but they may be increased 1n intensity by the concomutant bronchitis ot
broncho spasm, when coarse or sibilant rhonchi may be heard The factors
leading to suppression of breath sounds are probably the same as these which
cause dumraution in the conduction of the spoken voice, but another mcory has
been proposed which may or may not play a part It 1s clumed that vesicular
breathing in health 1s caused by the jet of air, which 1s thrown from the narrow
alveolar duct into the wide atrium  In emphysema, the alveolar duct 1s dilated so
that this sudden change in calibre 1s lost , 1t 1s suggested that 1t 1s for this reason
lhat vesicular brculhmg 1s faint or absent (Beitzke, 1925)

vocal 15 usually and the heart

sounds are f:un& for reasons which are d:scrlbed above The second sound over
the y area may
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Diagnosis
Interpretation of phy sical signs

The above are the physical signs of emphysema  Although they are usually
present 1n advanced cases, they may be absent m patients suffering from the
disease and some are not uncommonly present 1n patients without emphysema
Considerable confuston exists, even 1mong physictans wath wide clintcal experience,
as to the diagnostic value of these signs, and disagreement 1s perhaps greatest on
the relationship of the barret shaped chest to emphysema Some believe, and
teach, that tie physicai signs associated with the barrel shaped chest, if defimite,
necessarily mean emphysema, although they admit that the leston may nerther
progress nor lead to symptoms Others beheve that the * barrel chest phen
omenon ' may occur quite independently of emphysema, and that i these
circumstances 1t 18 of no significance  Such a divergence of opinion as to the
diagnostic critena naturally makes for scepticism, and attempts to correlate the
chinseal diagnosts of emphysema with the facts as revealed by necropsy have led
to further doubts It has been stated that only a small propoction of cases
diagnosed at necropsy have been recognized duning iife and 1t has also been shown
that many subjects with barrel shaped chests furmsh no evidence of emphysema
when they come to the post mortem table (Cabot, 1927, Davidson, 1936,
Roelsen, 1938) For tlus reason some wrters have gone so far as to say that the
physteal signs of emphysema are meaningless

Cabot states that of 12 cases diagnosed as emphysema at the Massachusetts
General Hospatal, only 3 showed emphysema post mortem, and that of 153 cases
demonstrated post mortem only 7 had been recogmzed during hfe My own
experience 1s rather different and 1s supported by a series of 72 cases diagnosed
on the post-mortem table as generahzed hypertrophic emphysema (Christre, 1944}
All of these came from the medtcal wards of the London Hospital, but an accurate
and detatled case-history was not always avaiable, for some patients were monbund
on admission A history of chrontc cough was given 1n 68 cases and in a quarter
of this number 1t was associated with mdd or severe asthma Dysproea an
exertion was present 1n 35 of the 45 case histortes 10 which mentton was made of
the presence or zbsence of this symptom  In the majority of cases, however, the
physical signs of emphysema were not observed 1 16 cases there was enough
evidence to suggest an “ emphysematous chest, but 1 only 6 cases could s
evidence be said to be complete

This senes of cases suggests that a more reliable guide to a diagnosis of entphy
sema than the physical signs 1s a history of chromic cough or asthma, associated
with dyspnoea oa evertion I have therefore investigated another series of 25
patients wio gave such a history, and tn whom o cause of dyspnoea oiher than

emphysema could be discovered  In 23 of them two or more of the physical signs
L AF 18 amnhy comatoys chest ?
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In 9 of them the chest m ght have been said to be emphysematous and 4
presented the classical physical signs of emphysema

The conclusion thatcan be drawnas that the signs of emphysema are of sigmificance
but are unreltable  they may be absent in patients suffering from the disease and
are not uncommonly present in patients without emphysema A diaghosis of
emphysema based only on physical signs may be fallacious since these depend
largely on the barrel chest phenomenor which may occur independently of this
disease  In my optnion the diagnosts should enly be cons dered to be definite when
undue dysprioea on exertion of insidious onset appears in a patient who has some
of the physical signs of emphysema together with chronic bronchitis or asthma
The absence esther of dyspnoea or of physical signs should cast doubt on the
diagnosis but should notexclude it the more physical signs present in a patient
with chronic bronchitis or asthma the greater 1s the likelthood that he has emphy
sema 1 must confess however that in the absence of dyspnoea I am always
uncertamn as to d and but when not due to broncho
spasm appears 1 A p:menl with chronic bronchitis 1 am very seldom n doubt
A laege senies of cases will have to be followed up over many years before the
necessary criteria for early diagnosis can be established  Unul this has been done
1 consider that the terms and h; chest  should
be discarded for 1t 15 their use which has been partly responsible for the Jack of
progress 1n the understanding of emphysema since 1ts classical description over
century ago by Laennec  These terms are quite musleading and should be replaced
by some such expression as  barrel chest or  barrel chest phenomenon
reserving the diagnosts of emphysema for those patients who have the symptoms
as well as the signs of the disease 1 believe that if this were done the chances of
progress would be wcreased  particularly with regard to the use of speaiat
diagnostic procedures

Special d agnostic procedures

X ray —The n h; are said to be charactersstic
( 20 B A0 W tha =a ko w - * El + "
1 . "
T D " ' " 1 1

T 1 1
vertebrae  The movements of the diaphragm on inspiration and expiration as
well as those of the sternum are usually dimimished  The space between the
sternum and the heart 15 almost 1nvarably increased  The heart may appear to
be vertically with a y conus and 1n stze of the
pulmonary artenal shadows at the lung hila  The medium sized vessels tend to
stand out more clearly but are smaller 1 calibre than normal  the smaller pen
pheral vessels may also be more clearly visible than normal  The lung fields may
show increased transtucency particularly at the lung bases Individual bullae
may be seen usually at the apices of the lungs

It has been claimed that the radiological picture is a reliable guide to emphysema
but attempts to establish the val dity of this clum have been unsuccessful  In
pattents with flond h a correct based on a
postero-antenior film can b made 1n about 80 per cent of cases but 1f o control
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Fic 40 —Radiograph of the chest
m a case of chronic obstructive
emphysema The intercostal spaces
are wide and there 15 increased
translucency of the lung fictds especi-
ally at the bases ‘The hilar shadow
1s prominent and the heart Jong and
narrow The diaphragm s low and
artegular in outhne

group of elderly mdividuals be taken, about 20 per cent will be wrongly diagnosed

as having emphysema A more rehable assessment may be made from films

taken i the antero-p and lateral n both and ex-
- a

drawn from these observations is that the x-ray film may provide usetul addstional
evidence , but taken alone it cannot exclude or establish a diagnosis of emphysema

Vital capacity and maxonum breathwg capacyy —The vital capacity s usually
reduced in emphysema  Out of 30 pattents with a clinical diagnosis of emphysema,
Y have found thatin 25 cases the vital capactty was less than 70 per cent of the normal
standard as calculated from the surface area, and 1n 15 cases 1t was less than 60
percent  In a control series of 30 patients of the same age distnbution, without
evidence of emphysema, the vital capreity was less than 70 per cent of the normal
standard 1n 11, and less than 60 per cent 1n 3 cases  There are many diseases ol
the lung other than emphysema which reduce the vital capacity, and 1t 1s clear
that this test alone can be of little value 1n daghosis

It 1s more easy to measure the chest expansion than the vital capacity, but
unfortunately this also dimimishes with age  In my expenence, about 60 per cent
of patients with emphysema have a chest expansion of less than 1 inch, but T
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have seen it reduced to 1 inch tn a man aged 65 years in whom there was no other
evidence to suggest pulmonary or cardiovascular disease

The maximal breathing capacity 15 also reduced in emphysemn, but'as a dagnostic
test 1t suffers from the same drawbacks as does the vital capacity

Lung volume and is subdivisions —An important sequet to the dilatation of the
air sacs 1n emphysema 1s the increase of the volume of the lungs as a whole which
15 usually obvious on the post mortem table the large fluffy lungs strongly
suggest that during Ife there was an increase in the amount of air which they
contamed  This amount can be measured, and early w the present century
several 1nvestigators showed that there 15 usually an sncrease 1n the residual arr
1n emphysema , but the residual air 1s the amount of air Ieft after a forced exptra
tion, and 1t 1s well known that patients with emphysema may have great difficulty
1n forably emptying their lungs A more significant measurement 15 the amount
of air 1n the lungs at the end of an ordiniry quiet expiration—the functional
residual air—for this 1s their true content during life, whereas the residual air 1s
the result of respiratory gymnastics and may have no relation to the normal size
of the lungs It has been shown that the quanuty of the functional residual ar
1s ncreased 1n emphysema, but this sncrease 1s not always proportionate to the
seventy of the discase In some patients 1t may be inconspicuous, when con
trasted with the fairly wide range found 1n normal individuals - In order to escape
the need of normat standards which allow for body-size and other factors, 1t was

AL e PR

1f a measurement 15 required to assist 1n the diagnosis or investigation of emphy
sema this ratio 1s probably the most accurate measurement available , but 1t
should not be forgotten that the ratio 1s quite an artifical figure and that any
merease 1s due 1o two quite distinet factors , (1) the enlargement of the lung and
{(2) the mability of the patient to take a deep breath  There has recently been a
tendency to assume that an increase in this ratio, because 1t 1s a precise measure
ment, 15 3 more accurate diagnostic sign than 1s clinical evidence of the disease
This has not been shown to be true
Tolerance to carbon diovide —1t has for long been known that patients with
h react to the nh of cathon dioude  Although the
fundamental cause of this impurment 1s unknown 1t 15 probably related to the
fhigh bicarbonate content of the blood and to inefficient ventitatton in the lungs
Recent tmp n techmque allow the of carbon diouide
tolerance to be made more easily than before, and it has been suggested that this
teaction may be of value in the diagnosis of emphysema  Even f the reliibility
of this test 1s established 1t 1s unlikely to become a routine diagnostic procedure,
because special equipment 1s required (Donald and Chnisue, 1949)

The muxing of gases tn the lung —In emphysema, the efficiency with which gases
are muxed n the lung 15 grossly impawred (Cournand and his colleagues, 1941
Meneely and Kaltrerder, 1949, Bates and Chrnistie, 1950) By means of the
k accurate of the rate of gaseous mixing are now

n




EMPIIYSEMA OF THE LUNGS

possible, and 1t 15 hkely that tests of this ¢ 1
D ly 15 type will contribute to the problem of

Aetiology

Numerous hypotheses have been advanced to explamn the cause of chronic
hypertrophic or obstructive emphysema, but most are based on conjecture and
are incapable of experimental proof or analysts  Certawn facts, however, stand
out clearly  almost all patients suffering from this disease are men of muddle
age or over who give clear evidence of chrome respiratory obstruction due to
asthma or chronic bronchitts, or to persistent coughing from pulmonary tuber-
culosis, brongh dusty or any other cause It has also been
shown, both climcally and experimentally, that tracheal or bronchial obstruction,
if sufficiently pronounced and profonged, usually jeads to emphysema This
correlation between respiratory obstruction and emphysema cannot be dened, but
the mechamsm by which obstruction leads to the changes charactenistic of emphy-
sema 1s 1n considerable dispute

The expiratory theor)

A to the exp 'y theory, resp 'y obstructton due to cough or
bronchospasm will hinder exit of air from the lungs to a greater extent than
entry, since the muscles of tnspiration are more powerful than those of exprration
As a result air will accumulate 1 the alveolt with subsequent distenston and
rupture of thewr walls Ths theory 1s simple and appears to be reasonable,
but 1t does not take mto account the immunity from emphysenta of young
persans wha suffer from asthma  The theory 1s also based partly on the false
assumption that the lungs as a whole are grossly over distended It ts true
that the amount of awr 1n the emphysematous lung 1s usually increased,
but this wcrease 15 not always proportionate to the sevenity of the disease,
nor 1s the volume of the emphysematous lung at rest as great as the volume of a
normal lung 1n full inspiratton , 1n most patients with emphysema the lung as a
whole 1s not over distended any more than a nocmal lung 15 over distended when
a deep breath 1s taken Incomplete emptying of the nlveoh due to respiratory
obstruetion may be a factor in the production of emphysema, but 1t cannot be

the only one

The inspiratory theory
This theory claims that over-distensron 1s produced because too much air 1s
deawn nto the lungs by the increased inspiratory effort which precedes coughing,
and which may be associated with asthma, with manual labour and with oceupa
tions such as glass-blowing and the blowing of wind wstruments There is no
dence that these or 1ncreased 1 y elfort due to any other

catise play a part 1n the |;roduct|on of emphysema {Christie, 1939)

Tminqirment of pulmonary nutrition .

1n other diseases there may be mOTe exiendive o L wov
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€Mphysemg 1hhough the lung does not bccome emphyscmarous For these
Ieasons o 15 'mprobabye that the Vascufyr ch’mges n the lung are of any aetio
Togicay sngmﬁcancc

DPgP’IPﬂlIIlP OF atropjye pu/monar; Char oo
It has b, e Stugon ot

Or are secondar; “APlanations only
evade the ssue g = ount the TMany aettologieyy factors
known ¢ be tny

Aheolar Stress
Nother thcory is that the Primary Cavse y5 ncreaseq Stress ang Strain o the
Wwalls of 1 alveg) Almog¢ all caseg of €Mphysema have 5 fong Standing h:smry
f chrome bronchygg OF asthmy Of both apqg this 15 also trye of emppy 'Sema 1
horses and capyfe The effects of Cough ang Tonchyay Spasm on the lung as wejt
as they Mechanygy, re re orpnmary lmpormncc n any dnscuss:on on the
'S ease

3 Mechantsm of' coughmg IS simple There 5 2 shory msp‘mlory effor Wwhich
Y no meang il the chest 1o ful Capacity the glottys 15 they closed and the lungs
are Iorcnbly o Mpressed by an ¢ Muscles CXpiration 50 that the Pressure o
10 the ajy g i ma Alexander

S 1942) The &loths 45 then Opened and the Strain
on the pybg the Pressure op the Pleurg and the Pressure the alveol are Suddenjy
released In the Case gf the alvegyy there Must pe 4 Wave of Pressure change

mably (p,g Sudden ease o Pressure Which 1 Tesponsible for the

h ng 15 bemng distengeq 115 0byioys
rom the mechnmsm orcoughmg that the lung g compressed and ngy any senge
distendeg 25 bunldmg up of Pressure l‘ouowed by 1ts Sudden release must
Mean Ncreaseq Stresy ang Stramn op all the Structypeg nvolyeq espccmlly on the
alveolar walls whic) are not robyst and whyep carry ths Wave of Pressure change

cl nchite pai y igh s ores of o, N a day t seems
reasonablet sup, hat th, t 'Pe of str and s, Or wear and tear fepeated
over map, Years oy, Produce ¢, los: teity ang Cgeneratye
changes Observeq th ! s In any re, there |5 logy 1n
arterral hy ension yn thoug any '8 of the lood vessels
there ¥ be logs o lasucnya d therdcgene Atrve €S and these 5 aseribed
by ent 1vestigy, TS f ome Stress Tatseq pres; Tt s aj, POssible
that ar tear ght oceyy tstde the I 'gh 15 cp, The
Pleury might suffer gor h Teason 45 do the alveoy; and the tho, cage 5
alsp Stramneq One iy to Place 5 the costal Cartifageg uriy,
coughmgl cahze (h t thy Ct 15 NStderap), Ma there y be the
Same degree of ha,  tntrg alveolyy Tesstre ag 'Shing ang ugh the
Change ;¢ SO Sudden T is rep, ated flen ¢ Ne, 2aard ang Wi 1927

Attwich pg. This d Stray, e ated m, th ands of €S 2 day
could have the 54 ¢ effect g, chrop, Ugh—loss of py nary chsnmy The
mechumsm by Which this Jogg may jeaq to Many of the 'S and Mptoms o
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EMPHYSEMA OF THE LUNGS

emphysema 1s discussed above Loss of elasucity s probebly an important
factor in the prod of empl , although reststance to as
gossetuslatcd tn the ™ expiratory theory ™, may contribute o the progression of the

1s€ase

Almost all patients with emphysema suffer from esther chronic bronchitis or
asthma, and 1n these cases the expl. of the path of h 2
which [ have given 1s the most hikely one Tt 15, however, true that someyp;uems
with chronic bronchitis or asthma develop emphysema comparatively rapidly,
whereas others never become emphysematous  The forcefulness of the cough l;
obvtously an important factor, and this may vary greatly 1n patients sufering from
chronsc bronchitis  Clinical observation supgests that many patients cough 1n a
manner wiich ts unlikely to stramn the lung, but that others cough wath an qmpact
which shakes the thorax  There 15, however, no chnical method of measuring
the forcefulness of the cough, and the description given by the patrent ss usually
quite unreliable  Another factor 15 dge, stnce with senescence there 15 a decrease
1n the reststance of the tissues to stress and stratn  This ss particularly true of the
elasucity of the blood vessels  With advanciog years there may also be dumsnished
reststance in the lungs and in the elastic structures of the thoracic cage to the
stress and strawn of cough or of asthma

Emph) sema withour osthma or bronchis

There stll remains to be explamed the unusual case of emphysema with no
previous history of asthma or chrome bronchitis [ have seen 5 such patrents
whom shortness of breath preceded the onset of cough, and in one the diagnoss of
emphysema was confirmed at p An 1 based on e,
that has been given is that these patients suffer from some mherent weakness of
the elastic fibres in the lung 1t 1s also possible that, very rarely, the stress and
strain on the lung which occurs with ordinary activities may be sufficient to destroy

ats elasticity

Hereditary and occupational factors

Other actiologieal factors have been suggested, and a hereditary tendency to
emphysema 1s one  This may be so, but [ have not seen 1t except ndirectly as a
possible fanuhal tendency to asthma and chronic bronchitts  Hard manuat labour
15 another, but nty own belief 1s that this 1s of importance only i that certain types

of manual labour increase the incidence of chrorie bronchiis It 15 @ stnking
Y 1 s saeashoaterr ook

nstru

ample
evidence n the literature that RO SuLll deuuiupive . mstie,
1939) The onginal statement of Laennec, made m 1819, not based on any actual
cases, has been copied from texi-book to text book over a persod of 120 years

Three probable factors
; logy o h 5 but the

Such a vartety of theores on the )
conclusion may be drawn that there are probably three factots of smpottance

The first ss mflation of the lung caused by ebstruction to expiration The second
16




CHROVIC HYPERTROPH’C OR OBSTRUCTYE EMPHYsEN,

1 loss of cl:xsnclty due 1o the stress and stray ofcoughmg OF asthma and a thyrq
Is the lowereq Teststance of the 0 weap and tear Which vaties from, berson
10 person and whyep dxmxmshes With advaneyy, age

€ treatmeny of €Mphysema 15 :ssenrlally symptom:mc for elastic tissue

Cannot Tegenerate and nothing €an restore the Structyre of the lungg Untyp

heart failyre SUpervenes the only Symptom Other thap Cough 5 dyspnoea on
n

exertio herefo, e I firsy Mphasiye the v, lue of ncho dilator d)

roncho o dr Alrhough thy y be ence of p, chospasm
Of res;s; nce to Tespiration the a, Nistration of ephedp,, ther bro h
dilator 4 0t mfreqy, tly releyes the dyspn, Physem; Possible
explan:mon effect at th, bronchwlcs lcadmgt the ver diste, ded g,
Sacs ang gy, lae are Capable of Changes in calp, than 4 tho. ding o
health, T pa; I the |, ronchospasm lth, clinicay) mamfesl,
Mght 1 this g, Tease the Proportign 1 Spired gp deflecy 10 thege
useless papyg of the |, he rey f of b, hosp; drine Medicagion
wor improye he efficie, of ventilag,, d relre dyspn,

P Us e, 3
bronche dilator drugs which mnay pa used ang theyr method ohdmmxslmuon are
Simular g, those Tecommendeq 10 the mope chronye Phases of bronchyap asthma

2)

Trpalmml of bronch/lu ~Bronchms should be freated th usnaf Way (sep
Tes re is:

o
lume ut the 1 usualy g, appmn[mgﬂccpt when cﬂnlnbulory
factors Such ag dusty OcCupationg or Smoking can be Preventeq The Tesponse
to antiboy, IS Varaple but 55 seldom IMpressiye

u/manal) Aeflation Severa) Procedure, the Purpose op Which 1 10 deflare the
lung have een dcscnbcd and gy yg said thay thege Mcrease the cﬂicmncy of reg
Piration NCUMOthor, S one ang relef 'YSpnoey 'S proceg; € both
humap b ngs an, M horges Suffer, g fi this drsea has laimeg
Poeumo, rax D 2 howeye, 15 2 hag, rdon: Procedyr, Popular
n Gr Britain nd less dangerous a respnrntory Exercises deslgned t ote
relaxay, d to teach ¢ Patient 1o g, ate the jy, 10 tnereg the yse of
the draph fity, g abdo, nal bejt 1T als, 1aphry, by
mcreasmg Ntra abgo, Nal pres, re TMore tly pp, opentoncurn has

n Suggesteq for ¢, Pose  ap hes; Precedyre, h,
m nd varigyg theoreg have bee Ut forwg,g to xplain the bcneﬁcml effects
Obserye, are e MOSt of ¢he, ¢ 1 1
raiseq tha 1y 1. mcregy, dandus ICiene, erefore ha ced ang
1t was for h Feason gp, xlhavcsugge the yg, 'the it S dly
the tupg deflateq these Ocedureg 5, that Contayng | S ar © decreqgy
17 volume 1 howey, Very smajy 0 Smaif ¢, It can hapq;, Sured—ang
the b:neh‘cml fect, bably r, he m, Part e, Hiclency of
the r Pl y Musciiay, Ity Breater ollapse of the

es S also pogg ble th,
Superfiersy bullze cﬂicnency ol'v:nulanon May pe ncren,
reatmen, of heary  farhre —~When heary fature Superyenag the Benera] Principleg
rccomm:nded mn the treatmeny of cor Pulmongje should b adopteq
should g &ven peg,,
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greatly lessens the chances of recovery  but 1t should be given with care for the
sudden rehef of anoxia may lead o convulsions and coma It 1s beleved by some
physicians that digitahs should be avorded partccularly in an emergency  Venesee
tion has of course been recommended but 1t 15 now seldom wsed Mercunal
duretics may however be of constderable
value  Heart fatlure 13 often precipitated
by respiratory infection commonly sub
acute broncho pnewmonna and this usually
responds to treatment with antibtotics It
1§ because broncho prieumoma is no fonger
a lethal complication that recovery from
heart falure i emphysema 1s now a
commaon gceurrence

Conclusions —The treatment of em

physema 15 thas far from being hopeless
I h ot 1s essentiall

ly
Bronchitis should be treated and 1 all
cases broacho dilator drugs should be given
a tnal  Resprratory exercises or an
abdomunal belt or both may tncrease
constderably the tolerance 1o exercise

SENILE EMPHYSEMA
Syroryms  Atrophic emphysema postural
emphysema  artertosclerotic emphysema
non obstructive emphysema  sntall lunged
emphysema  semle atrophy of the lungs

Chinieal picture

As 1ts name mmplies this 15 essentially
a disease of old age (see Fig 41) The
patient often presents 2 shuvelled and

F16 41 —A case of sen Je emphysema
The wizened appearance the upper

tharac ¢ hyphos s the bulg ng of the withered appearance The chest 1s ustatly
sternum ar relative increase in

the antero posterof d ameter are barrel shaped but there 1s no stgn fent
characterist ¢ There 1s no ncrease enfargement of the thoracie cage  The
10 the volume of the thoracic cage bony changes may be more pronovnced

than n the obstructive type of emphysema
~a  and nthe l tor stages

the

The appearance of the jung is varable  In some cases L& pluce s v g w eels
the thoracic cage  n others there 15 chromc bronchts and this comphceates the
pretuce by watraducing the obstructive element Occanonally this atrophic process
1s belteved to affect the lung uself but this has not beent estabhished  On the
avalable evidence no clear description of the fung in sentle cmphysen‘m can be
gven 1t may be normal or 1t may show the ¢} 1sties found n the

ng




LOCALIZED OR FOCAL EMPHYSEMA

type of emphysema, but the lungs are usually smail and bullae are seldom
conspicuous

The symptoms and signs of senile empl bear little 10 the
apparent deformity  Symptoms are often absent, even n the presence of extreme
kyphosis  More rarely there may be all the symptoms and signs charactenistic of
chronic obstructive emphysema

Aetsology

This condition 15 probably but one of the atrophic changes occurring in old age
Changes 1n the thoracic cage may be ascribed to atrophy of the intervertebral
discs, leading to kyphosts, with consequent rotation of the nbs, so that the chest
tends to become barrel shaped  Atrophy of the alveolar walls 1s said to lead to
their disintegration but there 15 often an associated chromc bronchitis which
exaggerates the emphysematous changes

Diaguosis

Differentiation from obstructive emphy sema —Senile emphysema differs from the
chromc obstructive form n the following respects It ts a disease of old age
rather than of middle age  The cough 1s seldom severe and dyspnoea and cyanosis
are usually absent  The kyphosis of the upper thoracic vertebrae 1s charactenstic
Although barrel shaped, the chest 1s not enlarged Chest expansion may be
impaired, but usually iaspiration has not the same heaving quality as in the
obstructive type

Treatment
Treatment, ifany1s indicated 1s stmslar to that of chromc obstructive emphysema

ACUTE VESICULAR EMPHYSEMA

This 1s an 1l defined entity , it includes several conditions 1n which transtent signs
of emphysema appear

For instance, duning an acute attack of bronchial asthma the increased ex-
piratory resistance may lead to distension of the lung, which substdes when the
attack 1s over  Similatly, 1n acute y diphthena,
cough or any condition associated with transient respiratory obstruction, the
lungs may become large  Thus temporary distension does not rupture the alveolar
walls nor, 1n fact does 1t lead to any permanent damage but, as stated above, 1t
may be a contributory factor to the p: of obstructive h

Even less well defined are the changes sometimes observed after congestion of
the lungs  Hyper resonance of the lung has been descnibed following acute heart
failure, strenuous exercise or seplicaemia , 1t has also been found 1n the contra
lateral lung 1n pneumothorax and massive pleural effusion, and after residence at
high alntudes  To interpret this change as heing indicatine of emphysema does
not appear to be justified

LOCALIZED OR FOCAL EMPHYSEMA
Sinomms  C y emphysema , lementary
emphysema

. vicanous
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Pathogenesis
r

L

fails to expand on mspiration, etther the surrounding alveolt must become distended
10 occupy the space, or the chest wail must be drawnin~ Both phenomena usually
occur 1f the contraction 1s sufficient fo displace the mediastinum, and signs of
emphysema may appear in the contralateral healthy lung

Focal emphy sema in pneumocontosis —In most cases this form of emphysema s a
pathological finding rather than a chinical entity, but an important exceplion s i
pneumoconiosis  Recent 1nvestigations have shown that the emphysema which
occurs 1n sitcosts dffers from obstructive or hypertrophic emphysema in 1ts focal
distribution  Around the pneumocomotic nodules the arr spaces may be dilated
to a dameter of several millimetres, and these foci of emphysema are widely
scattered throughout the fung, particularly in the secondary lobules (Gough, 1940
and 1947)  The chaical picture 15, however, much the same as in chronic obstruc-
tive or hypertrophic emphy , with cough, dysp and rarely cyanosts,
and ull d of cor pul le The logy of this type of focal
emphysema remuns obscure  The relative importance of cough and of contrac-
tian due ta fibeosis 1s unknown , 1t 1s possible that the condition s one of ordinary
obstructive emphysema, but the morbid appearances are modified by fibrosts and
scarring, and by the widespread pleural adhestons which are common

Lobar obstructive emphysema — Another type of localized emphysema, often
lobar 1n distribution, may be a sequel to partial obstruction of a bronchus in
conditions such as carcinoma of the lung and tuberculous bronchitis  If there
1s sufficient obstruction to the flow of air through the bronchus the elastic
recoil of the lung may be tnadequate to deflate the alveolt beyond the
obstruction and nflation of this part of the lung will result  This condition
has been called lobar obstructive emphysema, and if the obstruchion s of Jong
standing, 1t 15 claimed that gross over distension with bulla formation may
result Sometimes the obstruction leads to 2 “ball valve™ occlusion of the
bronchus which allows the entry of arr, but not the exit, and under these
circumstances 1nflatron of the lobe may be considerable

ACUTE INTERSTITIAL EMPHYSEMA

Taterstitral emphysema, or passage of mir into the connective-tissue spaces, 1s
usually a sequel to myurtes of the chest or fung , 1t may appear after tracheotomy
It 1s a rare complicatton of severe asthma, when the cause 15 presumably rupture
of the lung atself  The air may escape into the mterlobular and sub-pleural spaces,
or 1t may be extravasated along the walls of the broncht and blood vessels Lo the
medtastinum, passing up to the subcutaneous tissues of the neck and face

There are not usually any aod the d 1s first susp d when
the characteristic creprtus 15 discorvered m the subcutaneous tissues of the neck.
Sometimes there are cyanosis and alarming dyspnoca, and on auscultation pecubiar
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crunching and crackhng sounds may be heard over the heart Recovery 1s the
rute and very rarely, if ever, 1s operative mtervention indicated to relieve air
which 1s under tenston (Rosenberg and Rosenberg, 1938 , Wallace, 1946 , d Abreu,
1948)
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PHYSIOLOGICAL FACTORS
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PULMONARY OEDEMA

Tn oamomate 6 1n 1, ot

4 bl

punnvualy Capuidiies WoUld be p by per and the
formation of oedema flmd

Lymphatic dramnage

The luag 1s freely supplied with lymphatics which tn health are easily able to
remove the small quantities of plsma which escape from the capillaries Changes
1n lymphatic flow when the permeability of the Iung capilfaries is increased have
been studied by Danker (1945)  As a result of auoxta, or the admunsstration o
ph: or thiourea pounds, the lymp flow 15 ly d
As more fluid escapes from the vessel, the lymphatics may be unable to remove
all of the flud, which then escapes into the alveol caustng pulmonary oedema
It 15 probable that a stmular sequence takes place 10 man

From these physiological considetations o may be seéen that 1 the normal
person the relatively low filtration pressure and hugh osmotic pressure will reduce
the transudaton of flud to a mummum, and any flud which may escape 1s
efficiently removed by the lymphabtics If, however, the permeabifty of the
capullary wall 15 increased, either through the influence of anoxra, toxic substances,
or nenous stimalation, oc if i addition the pulmonary capillary pressure ts
increased by either an increase in the pulmonary arterial pressure or pulmonary
venous pressure, fluid may pass nto the interstitial tissue and alveotr of the lung
more quickly than st can be remaved by the lymphaues, and the condition of
pulmonary oedema will result

CLASSIFICATION
Pulmonary oedema occurs 10 such 2 wide range of chimeal conditions that an
acetiological classificatton 1s unsatisfactory A climical clasmification, based
pnmanly on the type of pulmonary oedema 1s probably to be preferred

(1) Acute pulmonary oedema
(a) Assocrated with heart faifure (left ventricular failure, coronary thrombosts,
acute cor pulmonale) N
() Assocrated with damage to or diseases of, the central nervous system thead
qrauma  cerebral vascular accrdents  space occupying lesions of the
braimn)
{c) Followng lung writants such as phosgene
(2) Subacute
(a) Assoctated with left ventricular stram
(1) rheurnatic preumoma
(1} uraemia
{m) polyatteritis nodosa
(5) Disturbances of flurd batance
1) des
(u) transfusion
(1) stilboestrol

acetate p
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PULMONARY OEDEMA
!

The main concluston 1 2
1 the hterature 1 that nP;fP:oc:nhbe d{mwn from the mass of experimental evidence
" A gh putmonary oedema can be produced by various
and reflex proced the only reliab!
s y reliable method of producing acute
pulmonary oedema 10 ammals 1s by means of substances which drrectl!
the pulmonary vascular bed, such as anoxia phosgene and certar o?;‘ [l:w als
notably the thiourea dervatives It shouid not be fargol(e: ?hut ;r}fncmlcz}h‘
proved imposstble to praduce chronte pulmonary congestion or in fact ;\ns sg dar
:lo: in amr{mls that resembles the clinreal pieture which 1s known to percxs:os.;
puuln:z:af; ::ig?xg oedema or which resembles the actual chinical attack of acute
The vast majority of patients with acute pulmonary oedema
give 4 histor,
:’hrccfhrgz’e‘;:;“orv;'::’;’C;“""' r‘“]'”f with dyspnoea and orthopnoea, and 1n lhcsz
Ths e oo cl s 13 greatly reduced when night heart fallure supervenes
and thee gv,e““ . pul :r;lonagy congestion may at least play an important part,
;pphcnnon fsl rengthened by the clinical observation that venesection or the
of Iimb tourniquets which reduce the degree of pulmonary con-
gestion are useful procedures m the treatment of an acute attack
The expenimental and clinteal evidence 15 not, however, wholly contradictory
Although acute pulmonary oedema occurs most commonly 1r patents with
chrome left tar fadure and pul y 1t may also follow
cerebral accidents or right ventnicular straun such as occurs in pulmonary mfarctton,
acute cor pulmonale, pneumomsa and thrombosss of the coronary vessels supplyng
the right ventricle In this group there 1s nothing to suggest left ventnicular
fatlure and yet frank pulmonary oedema may occur 1t 15 possible that in these
cases reflex vasodilatation and increased permeabiity of the pufmonary vessels
1s the cause, the stimulus ansing from the heart, great vessels, or the bran
The clintcal observation that the attacks usually occur during sleep has been
the source of much sp I d activity when the patient
1s awahened by dreams or coughing may lead to pulmonary vasodjlatanon, or,
n patients who are orthopnoeic, shipping down 1n bed may fead to nereased
pul Y Another which has some evidence 10 suppost
W 1s that a sudden movement while asleep may cause a considerable ncrease in the
venots return to the heart (Chostte, 1938)  Even m the healthy mdividual a
transitory increase n the heart rate of 30-40 beats a munute may occur durning
sleep, and with the venous stagnation which occurs in heart falure 1t seems
reasonable to suppose that, after 4 period of relaxation, a sudden movement
duning sleep might increase considerably the influx of biood 1o the heart
The conclusion which ean be drawn from this conflicting evidence 1s that we
do not know the essential cause of acute pulmonary oedema, but that certan
contributory Factors appear 1o be of importance A background of pulmonary
1, and the tnigger mechausm which nittates the attack
must be ereased capiltary permeability due etther tQ reflex vasodilatation or
0 & sudden imcrease m the teturn of venous blood to the heart  The reflex
stimulus may arise 1n the heart siself, from 2 myocardsal infarct or sudden pressure
1n any of the heart cavities or great vessels , st may arse from the lungs,
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PULMONARY OEDEMA

a presystolic triple rhythm—* gallop rhythm®—at the apex Except i those
cases due to myocardial nfarction, the blood pressure durtng an attack 1s rased or
unchanged until the terminal stage of an attack, when 1t may fall Asignificantdegree
of pulsus alternans myoften be detected when the blood pressure 15 being measured

lm‘mplmra/ pressure

Tidal aur Viral copacity

[ U RN G TN TN IS SV ST N T T Y G WU Py N

Time marker 1 sec
tient
of pressure and :dal air 1n a pal
with heart fazlure showing the mereased rigidity of the Jung caused by p\ih}-%o)n:;qrz ’c;?l
gestion  The pleural pressure fluctuation 1s 27 centimetres Of\u!e{ (10 'l% b
fluctuation 2 7 centimetres of water  {From Chrisire and Meahins )

Intense dyspnoea dorminates the pictore  ihis 35 not dl:e t? !Sfms;::?;usoﬁf
carbon dioxide retention or of anoua but 1s a direct res;t ud ;}css oy e
gestion (Christie, 938} The lungs become more fign ;‘ir;‘ e e one
(Fig 42) and reflex dyspnoea follows through sumulation gither
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FiG 43 —(g) Skiagram during
an attack of acute pulmonary
ocedema 1 2 patent wath
hypertens ve heart dusease
(b) sk agram 12 hours later
show ng considerable resolu
ton -

(@)




ACUTE PULMONARY OEDEMA

treatment 1n the early stages may abort the attack, whereas if delayed until the
later stages, treatment may be difficult

Ox)gen —The relief of anoxia 1s 1mportant as the pulmonary capillaries them-
sclves may under the influence of anoxsa become more permeable with resultant
increasing pulmonary oedema and more anowa Prompt admimstration of
oxygen will help to break this vicious circle It should be given esther by BL B
mask, ot 1f this 1s not tolerated, by spectacle frame nasal catheters A flow of
5-8 litres per minute 1s usually recommended, even 1f the more efficient BL B
mask 15 used  Because of restlessness and the feelng of suffocation, an oxygen
tent 15 rarely tolerated

Sedatives —Sedatives are necessary 1 this conditton to relieve the patient’s
distress during the atiacks They may also be helpful because if, as 1s possible,
a nervous reflex mechamsm 1s responsible for imitiating the attack, the sedative
by depressing reflex actton may help to stop1t  The drug of choice 1s morphine
which should be given subcutaneously 1o doses of $-} gran, or intravenously
1 those patients with circulatory collapse  Alternatively, the barbiturates may
be used, particulacly the rapsdly acting ones

Procedures acting probably by lowermng the venous pressure —Rapid vene-
section of 600 mullihtres of blood 1 those patients with a considerable wncrease
1n venous pressure will often help to termunate the attack  The use of tourmiquets
around the thighs, to obstruct venous return, has also been advised for the same
purpose  Apart from morphuine probably the most useful drug 1n the teeatment
of an attack 1s theophylime with ethylenediamine In addition to causing a
fail in venous and night auricular pressure (Howarth, McMichael and Sharpey
Schafer, 1947), st will also relieve bronchospasm It should be given intra-
~venousty 1n a dose of 0 24-0 48 gramme diluted 1n 10 rmihhtres of distilted water
The value of atropine 1s disputed It may help to dry up an excess of bronchsal

gland secretion, but 1ts effect on the pu]monary nervc cndmgs 11 man s unknown
Tha mlana of A ntal ¢ g shn senns, 3

.- poro . g Wiy

PERN ' . e :

dosage to control the venmcular mtc
Prevention of attacks —Any procedure which reduces pulmonary congestion
Wama Lal 4w o oF ax -

Prognosis

The occurrence of attacks of acute pulmonary oedema i a patient with heart
disease 15 a sign of serious prognostic tmportance  The average duration of
Lfe after the first attack i a series of patients with left ventricular failure was
only 2 years (Bedford, 1939)
Pulmonary oedema associated with lesions of the central nervous system

Severe njuries to the skull or brain not ifrequently cause acute pulmonary
oedema, and Wetsman (1939) found that 70 per cent of patients dying after a
fractured skuil had signs of cedema of the lungs It occurs Jess frequently 1n
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PULMONARY OEDEMA

diseases of the central nervous system such as ce
stonally 1s assoctated with brain a;ybscess or tumocu.u'rebml faemorthage, and occa

This type of pulmonary cedema which occurs 1n pateats with no disease of
the heast, or story of chrome pulmonary congestion, 1s of partrcular interest
to the expenimenta] phystologist, as 1t resembles closely the type of acute pulmonary
oedema producec'i n animals by a wide rang: of expenmental procedures  The
cause 1s y d permeabslity of the pul v capillartes, without
the added factors of feft ventricular farture, and therefore without massive pul-
monary congestion  The cause of the screased capitiary permeabuitty which
follows damage to the bratn 1s unknown, but 1t 15 presumably due to reflex dilata-
tion of the pulmonary capillartes and q mcrease m bl

The chnical picture of a patient with thes type of acute pulmonary cedema
differs from that seen 1n left ventricular falure  Dyspnoea does not dommnate
the picture—probably because of the absence of gross pulmonary congestion
The respirations are often deep, laboured, and stertorous  The frequent absence
of orthopnoea 15 difficult to evaluate because of the disordered conscrousness of
the patient  More promunent in this traumatic type of oedema are motst sounds
1n the lung, with cyanosis, and cough with thin expectoration which may later
become frothy It 1s usually & termueal condition, and faus to respond (o the
methods of treatment which have been outlined in the previous sectron

SUBACUTE PULMONARY GEDEMA

A d with severe hyp
An unusual type of pulmonary oedema which 1s subacute 1n ts clnical course 1s
seen 1n several diseases, all of which are associated with left ventricular stram

The changes 1n the lungs i rheumatic pneumoma as descnibed by Hadfield
(1938) consist of an imtial fibrious alveohuts with later anfiltration of the exudate
with mononuclear cells and eventual organizatron when fibroblasts may be seen
The alveolar ducts are lined by 2 hyahpe The lungs picall
are sohd or rubbery, particularly 1n the central position pear the ulum  Other
changes due to the theumatic mfectron are seen, and tn all cases carditss 15 present,
often with a fibrinous pencardiis  These changes m the Iung were thought
by many to represent the specific pulmonary leston of the rheumatic nfection

The clinteal picture of 2 patient with the *rheumatic lung * 1s imtially that ofa
severe rheumatrc carcitis, wath Jater icreasing dyspnoea and often shight couzh.
The phystcal signs 1o the lungs are mnconspicuous compared with the extent of
the lesions seen radiologically  Stight mmpairment of percusston note and breath
saunds 10 the mud zone with a few fine crepitations may be detected but not
snfrequently the lungs show no abrormality on physical examunation  The chest
skiagram shows a characteristic change, with central cloudy opactties, often
copfluent, extending peripherally mto the lung with the lung bases and apices

remaining clear (Fig 44)
An exactly surular condition 1S seen 1n uracmua (Domalclh, 1947), 1 n]cuzs
11 polyarteritts nodosa, when there 15 severe hypertenston It 15
reshns and 18 poly <5 = The rydhological and husto-
with those seen
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PULMONARY OEDEMA

Tt 1s probable that 1n all of these duseases the same patholo, ical process 15

place, ar:d that the clrnical, radiological and palholgg(cal ﬁf\dmgl: ::: caust:glzi

capillary bility, usually i with left ventricular
failure with resulting pulmonary oedema, both interstitial and mtea alveolar
(Epstemn and Greenspan, 1941)  The difference etween this subacute pulmonary
oedema and the acute type described above, presumably hes 1 the fact that 1
the former the exudate clots and then becomes orgamzed, with cellutar nfiltration
In acute pulmonary oedema the exudate 15 removed befote clotting and organiza
tion has time to occur 1t 15 of interest that the same hstologreal appearance
1 the Jungs can be produced in anmmals by various procedures which cause
pulmonary oedema, such as the admnstrations of large doses of thiourea
denvatives and 1n sulphonamuide hypersensttivity

Subacute pulmonary cedema caused by a disturbance of flud balance

Intraienous therapy
In patients with 2 normal cardiovascular system 1t 1s difficult to produce
ctreulatory overloading, even when comparatively large amounts of flwd or blood
are given  The increased venous return to the right heart increases the output
of the heart, and the additional flud 1s accommodated by the opening up of reserve
capillaries 1n the lungs and elsewhere 1 the body In patients who are ill,
particularly those with anaemra associated with chronte infection, quite smafl
amounts of blood or saline solution given inti ly may cause
overloadmg and a subacute type of pulmonary oedema may be produced
such a pattent, the earlrest signs will be a
engorged neck veins a shight rse tn resp
diatation  Auscultatron of the lungs at
but if the transfuston 1s continued, maotst sounds will appear at the Jung bases
and frank pulmonary oedema may result The x ray findings are mcreased
promunence of the vascular mackings at the hung roots with generahized loss of
translucency of the lung fields most marked at the lung bases
€= v~ 2ary pedema 15 presumably
The myocardmum 1n the
B mphcanon of jptravenous
therapy shows the fatty change due to anaentid dnu roxaenma, and farlure occurs
when the heart 15 unable to compensate for the increased venous return and
ncreased circulatory blood velume
The of this e] 1s both prophy and corative 1 the
danger of producing pulmonary oedema n patients with chroatc anaema and
sepsss 1s recogmized, transfusion should be given slonly, and the use of packed
cells wnstead of whole blood to reduce the bulk of flud given 15 advised I
pulmonary oedem+ does occur dunng a trapsfuston, the transfusion should be
stopped, posstbly temporarity and 1T gross oederna 1s present, the 1mmednba1‘c
admimistration of @ mercunal diwretic, such as mersalyl or Neptal 15 ad\;sa e
The marked durresss which follows will help to remove the excess of flud from
the body and the pulmonary oedema may disappear
134
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CHAPTER it

ATELECTASIS
F P Lee Lanper

TRE wore “atelectasts ™ means " imperfect expanston” (Ovford Enghsh
Dictionary) 1t was first used 10 the Enghish hterature m 1846, i Swaine’s
translaton of Hasse’s Patkological Anatory  Shortly afterwards Rees (1850)
wrote a short monograph entitled Atelehtasis Pulmonum an which he pave the
following defimition
Imperfect expansion  Atelektasis 15 intended to designate a conditon of the lung

1te which there 15 sumple occtusion or shutting up of the pulmonary air cells without

any aflammatory ot other morbid deposits

Stnce that trme the term has been n current use, and though a few wnters
have regarded it as desenibing collapse of congenital ongia only, the magority
have not 50 limuted 1ts yse The morbid anatonusts of the muddle nmeleenth
century were fully aware of the frequent occurrence of the condition, and
advanced many theorses as to ns formation

Legendre and Barlly (1844) «dentified broncho-pneumoma as a form of atelec-
tasis, and produced some convincing experimental work to support their theory

Gatrdaer (1851}, in his treatise on d the freq with
which the condition occurs, and stated that it was the commonest comphieation
of any bronchitic condion  Furthermore he produced, for the first time, the
theary of the mucus plug, and drew a dragram (ndicating the way in which the
plug would be affected by changes of pressure

From the biterature it appears that the attention of the morbid anatomusts
was then distracted from the conditton, for n the latter part of the nineteenth
century Dittle refesence was made to i, and 5t was left to William Pasteur
{1908), in Ins Bradshaw Lecture, to mdlscov:r 1t and to connect it with diphthena
and later with p X Pasteur di hed two varietics
massive collapsc due to diaphragmatic paralysss, which he called active colfapse,
and Yobular collapse due to bronchial obsiruction, which he called passive colfapse

An answer to many of the questions posed by Pasteur, and 2 negation of most
of fus theory 1s offered by the extensive use since lus time of the operation of
diaphragmatic paralysts by phrene nenve lnterruplmn This ¢haphragmatic
paralysts, we know from 15 not ly or even attended
by massive collapse, and st stcms probable that s the cases deserbed by Pasteur
duaphragmatc paralysis was attended by obstruction of the finer bronchi, although
1t 1s possible that e same of his cases elevation of the daphragm and restricted
movement secondary to the massive colfapse weee mistaben for actual paralysis
of the diaphragm  Nevertheless, Pasteur’s work remans a classic, largely because
he deseribed, for the fiest ume, the detaled physical signs and attributed them
rightly to lessened movement of the duaphragm
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and no other compensatory mechamsm may be called nto play  As the child

grows, and the thorax enlarges, then the collapse becomes manifest with the
of the other

Gairdner, 1n 1850, drew three smple dagrams to explamn his theory of the

of y In these d Fig 46a, showmng three equal

partitions xeprcsems three lobes or portions of a lung  Fig 46b, demonstrates

that when one portion of the lung has collapsed the other two portions expand

by drawing in aur, to fill the whote space Fig 46¢ shows that when two portions
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Fic 46 — Diagrammatc representation of
Loen - L. Fic 47 —(a) The same as in
Fig 46(a) but including bron
chi (b) expansion of bronchus
- when a lobe collapses
space

of the lung collapse the remaimng portion expands to fill the whole space  In
Gardner s oniginal diagrams, he showed an equal exp;msmn of the two remaming
portions of the lung  As a result of study of rad

1t 1s now known that the expansion 15 not evenly distributed through the thorax,
but 1s more marked nearer the collapsed portion

So far we have been considenng the behaviour of the alveolr When const
derng the behaviour of the bronchi exactly the same considerations apply
The broncht are highly elastic tubes  the part of the bronchus distal to the
obstruction {thatis cut off from the outside air) will shrink because 1t 1s 1n unob-
structed communicatton with the alveoll, and replemshment of air cannot take
place The part of the bronchus proumal to the obstruction being in free
communication with the outside air wilf therefore expand (Fig 47)

The walls of the thoracic cage are also elastic and expansile and consequently
will be affected by any diminution of the volume of any part of the thoracic
contents  The area invobed wifl be that which 1s closest to the shnnking volume
of the lung  The mediastinum 1s readily mobile and displacement of the heart
occurs 10 atelectasss involving the lower parts of the lung on either side, this
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ATELECTASIS

Today, whilst bronclual obstruction 1s regarded as the most smportant, if not
the only, method of producing atelectasss, a great deal of canfusion stell exists
as to the actual mechamsm by which 1t 15 produced  Furthermore, the com
pensating mechamsms which are called ito play by the shrinkage of the atelectatic
area are only just beginamng to be studied and understood

PHYSIOLOGY

When a bronchus ts completely obstructed, alveolar air 1s absorbed and cannot
be renewed  This absorption of air 1s attended by the shankage of the Jung
and this Xeeps the pressure of air in the obstructed alveol constant I there
were no shrinkage, pressure of air would fall and absorption of air would cease
shien the alveolar asr pressure was at the same level as the partial pressure of the
gases in the venous blood The shrinkage 1s rendered possible by the elastreity
of the alveolar walls, which not oply allows the obstructed lung to shrnk,
but also allows the unobstructed tung to expand and fill the space left by the
retracting obstructed lung

This space 15 fifled afso by contraction of the walfs of the thoray, by a move
of the meduastinal structures towards the retracting lung, and also by an elevation
of the diapheagm on the affecred side AN these factors can be seep and sessfied,
climeally and radologically  They do not all occur ta each case to the same
degree  tn some cases the unobstructed lung expands to such an extent that no
other mechanism s necessary to fill the space A further effect of shrnkage
15 2 compensatton by the bronchy in the unobstructed lung, which dilate fo beyond
their normal range

The size of the thorax vares with respiration, and consequently the degtee of
compensation requited 15 greater i mspiratron, when the thoracic volume s at
1ts maximum, than m expmabor  This can be watched on the fluorescepic
screen, and demonstrated by wnsprratory and expueatary radograms  Chuscally,
however, a d m the Y mepts of the affected side can be
seen, thus a hmitation 1 the increase 1 thoracic volume o the affected side 1s
ang of the compensatory mechanisms

Occastonally, tn cases of complete bronchial obstruction, as aw absorption
occurs secretion 1s poured tnta the brancht and thus the gaseous pressuren the
obstruction system 15 maistaned at 3 high level and this confimues wngd s ax;
15 absorbed and the state then exists of an awless lung with complete bronchr
obstructton and no shrinkape

All states between the condition just described, through a range of reduced
secretton and tncreased shrinkage, to a completely dry atelectasis, can occur

I the mam bronchial obstruction persists absorpsion of this secretion may
oceur, with graduaf shunkage of the obstructed portron of the long he chulds

In the case of children, a shghtly different state eusts‘ because the i
thoracic volume 1s small as compared with the adull’s zhcr.mcn ':;: :dul;.
and the culd’s lung tncreases in volume enormousty as growth occurs e of
stature 15 attamed  The ncrease 1n size occurs Jargely by aa mcr:a’se );x oy
cach adividual alveolus Consequently, when atelectasis ;/lw:cu:js:l c:m et
lung, compensation takes place simply by enlargement of the ady »
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CAUSATION

In certasn cases a new growth of a mawn bronchus may not, by stself, produce
complete obstruction  The bronchial lumen however, may be narrowed so
much that the obstruction 1s made complete by thick, tenacrous mucus  As a
result, air 15 absorbed 1n the usual way betand the obstruction and the mucus
15 sucked down the bronchial tubes If a mass of mucus 15 small, an arway
may be re established and the condstion of the Jung retusn to normal (Fig 48)
However, if the mucus 1s of sufficient volume the ebstruction may be complete
(Fig 49)

Ateenes rrergs
N\
\

¥iG 48 —(a) Smail mass of mucus 1

Fic 49 —(g) Large mass of wmucus n
bronchus, (h) arway reestablished bronchus (b) the obstruction s complete

This mucus plug will be sucked down the bronchus sphitting up at each division
untd finally the onginal plug 1s spht 1nto a thousand fragments obstructng a
thousand termmnal bronchy In_this way lobar collapse may be produced by

g cases of trachto

Obstruction of finer dwvisions of the bronchi leads to segmental atelectasis
and obstruction of terminal broochi leads to lobular atelectams. The nature
of the obstruction 1n the finer bronchy 1s not certamn as direct observation is
unpossible  Spasm of the bronchial muscle, oedema of the bronchial mucous
membrane, and fine plugs of mucus probably all play a part  These fine plugs
of mucus have been d d 1n autopsy sp n post op! cases.
Whooping-cough, asthma and b are \ 4 by this
degree of atel and tracheo hatis )5 2 less common cause

SYMPTOMS
Massive atelectamss 15 usvally attended by a dramanc onset  Sudden urgent
dyspnoea, pmn 1n the chest and palpitations are frequent  Occastonally cyznosis
also ooewrs
Lobar collapse 15 usually less obtrusive 1 its onset A phin in the chest or
tightness may be noticed dyspnoea 1s sometimes present, and paipitations may
oceur
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PHYSICAL SIGNS

5] 2]

Fia 50 —The mucus plug (a) d agrammat ¢

e v Vo -

' « '

~
- N -
obstructon (e) a further stage showing
the termunal bronchs myolved  (f) no
further movement of the mucus plug but

(2)

the affected lung clevation of the diaphragm with displacement of the gastric
hyper resonance up into the avilla may lessen the area of dullness nd lead to
some confuston The air entry Is vartable In the early stage there may be
complete absence of breath sounds espectally in cases of main bronchial obstruc
tion such as new growth or inhaled foreign body In other cases loud breath
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ATELECI'ASIS
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Fi¢ 51 —(a) Atelectasis of left
lower lobe  The heart 1s s! ghtly
dsplaced to the left and there
1s an area of emphysema in left
costo phremic angle  The shadow
of the collapsed lobe cannot be
see (5) crowding together of
the lower lobe bronchi with a
smail amount of dilataton and
the lingula bronchi which have
come down to occupy the space
feft by collaps ng lobe

@

COMPLICATIONS
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COMPLICATIONS

FiG 53 —(u) Atelestas 5
of whole of left lung
The trachea 15 not
apparently deviated
but nio heart shadow
15 seen 10 the nghl of
stermum
plete. fllng of al
broncht wth ery
marked_increase i
sze of kit man
bronchus and atso
lower part of trachea
(c) the whale Tung 15
crowded together n

aga nst the posterior
chest wal

h




Fic 52 (@) _Collapsed
mddle lobe Thee s a
sharp upper demarcat ng
1ne talng off into normal
lung mark ngs i the Jower
lobe There s no shft of
the med astoum _ (b) the
typcal shadow of a col
lapsed m ddle lobe
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POST OPERATIVE ATELECTASIS OF THE LUNG

Fo 54 ~(a) Complee
acectass of Jeft tung

achecta clung s Iy g
aganst pose of chest
wa
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ATELECTASIS

ot .
#_ Fa 53(0)

tllness 1s likely to be set up resembling lobar pneumonta and leading possibly
to break-down of lung tssue with the formation of 1 lung abscess  In cases with
a less virulent infection the febrile 1llness will be less dramatic 1n its onset and
course

Rupture of an emphysematous bulla
In a number of cases the compensating emphysemn which occurs 1s so Jocalized
and so marked that rupture of one of the bullac occurs and the condition of
15 duced This l 1s one that occurs

at the same time as the atelectasis and pers sts after the lung has re aerated

POST OPERATIVE ATELECTASIS OF THE LUNG
This variety of atelectasis 1s particularly f: ble for study and
occurs most frequently after operations on the mouth nose and throat but also
complicates all types of operations The variety of anaesthetic used does not
nfluence 1ts incidence to any great extent but intubation of the Jarynx appears to
ncrease the frequency of 1ts occurrence
Atelectasis occurs within 48 hours of the operation and may have a dramattc

onset resembling that of a lobar pneumonia
The patient may have a sudden pain mn the chest with breathlessness and a rapid

nse of temperature up to 104°F  With this type of onset 1t 15 usual to find large
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POST-OPERATIVE ATELECTASIS OF THE LUNG

Fa 54 —(a) Complete
atelectas s of left Jung
w h nght lung beng
pulled o er and fill ng
up st of the space |en

ng lung
(M Ihe whole of lhe

aclectatc lung s lyng
aga nst poster or chest
wall
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ATELECTASIS
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Fic 56 — (a) Honey
combng In upper
zone of rght lung
‘The trachea s central
w th no apparent de
viaton of med asti
num  (b) bronch
of upper lobe are
crowded  together
(c) complete fill ng of
upper lobe  whch
occup es a very much
smaller  acea than
normally with
marked crowd ng to-
gether of bronch
and with saccular
< 1atat on ;
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ATELECTASIS
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Fic 57 — (a) Opacity due to
complete obstruction of left
upper lobe bronchus withcon
sohidation of upper lobe and
little shrinkage ~ (5) and (c)
bronchograms showing the ex
tent of the upper lobe Bron
choscopy in this case showed
the obstructon o be complete
and due to a carcinoma of the
bronchus () air has been

a2 marked shrnkage of upper
Tobe
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ATELECTASIS

areas of lung mvolved and consequently physical signs are found  Dullness 1o
pereussion over the affected area wath deviation of the cardic mmpulse (and
passtbly the trachen) to the affected side are found  The auscultatory sounds are
vanable At first there 15 2 complete sience over the dull area but fater loud
bronchial breathuing may be heard and Jater sull pumerous moist sounds.

It 15 more usual to have a quieter onset, 1 which a low fever 15 noted on the

perature chart, and on the patient admts to a shight cough dating

from the operation  The physical signs also are weonspicuaus but defimite,
small areas, at the bases of lungs of motst sounds are heard with bronchiat breathing
1 the same ayeas

The ttme mcidence of the temperature coupled with the physical signs 1n the
chest establish the d of ate}

The treatment depends on the extent of the lestan and the earlmess of the
diagnosis

if a farge area of ung 13 nvoived and the condimon 1§ recogmzed within 24 hours
of the onset then bronchascopy showld be pesformed and attempts made fo
aspirate them

With smaller areas or a later recogmtion this procedure is valueless, as the
muteus s thea 1 the finer bronchy, out of range of the broachoscope

Postural dramage should be used and vigorous percussion over the affected
area of lung apphed 1 an attempt to distodge fine plugs and enable the patsent
to cough the plugs ont

Duscretion 1 the use of these methods 15 necessary, fratl old age after extenstve
resection operations being treated more gently than robust youth after an appens
dicectomy

Prophylaxis plays an mmy part 1a the of this d Pre-
operatne breathing exeroses are valuable but the chief measure s to avord an
aperation in the presence of an upper respiratory mifection ot bronchstis

1n operations on the upper respratory passage attentiont to bleeding powts and
the disposal of smail preces of tonst, teeth and miucous membranes ts of great

waportance )

Frequent change of posture of the patieny after
operanon and for the next 24 hours can also felp to munimize the effects of mucus
n the air passages

THE FATE OF THE ATELECTATIC LUNG

For how long a lobe can remam atelectatic and then become re acrated 15 3
matter of considerable speculation  When the obstruction 13 permanent, such
as that caused by a of the b t t hual stricture secondary
to a tuberculous process, or an undisturbed foreign body, the collapse 1s permatent
When the obstriction 1$ temporary, such as that caused by a plug of mucus or
oedema of the b tial mucous then the 1§ as temporary
as 15 the obstruction, and may last for any penod from 4 few menutes ta & few
weeks  In post-operalive cases, i which 3 s possible o assess the mcr}\;ctnzh :s[
onset, clearng has frequently been found to be complete 1 1 weeh, ;;
also persisted for 2-3 weeks, and yet ended in complete re-deratan of the o emat
lung In cases which persist for Jonger than 3 weeks, st &8 salfe to say
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although some re-aeration may occur, large areas of atelectasis are likely to
persist

The mayonty of cases do re expand completely, yet such 1s the frequency of
atelectasis that many patients are seen 1n whom the atelectasis has persisted,
often only recognized when one of the late results calls attention to the condition
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PRON CHIECT! ASIS

shoncmng of the bron® chy wath 1o a\\emuon 1n calibre Thus can pe demon=
sua\ed also 10 © cases © l‘amﬁcm\ poeum! mothor
Andrus s (1931 exarmned 10 detant alt the physlc al forc n the wng occurning
with v:mou s conditionss and came 10 the conc\us\on \hm. lhe forces aTsSIE as g
result of P monary 3t Jectasts provide the mos! sansfactory © explanation of the
disease

EX\’ER\MENTAL WORK

Tannenbers and Pmnet (\94 ), m the\r experim ents, Pro duced a man bmnchr.\\

obstruction n dogss and 1 state of the brorc cht at po st -mortem
examunatiot was found 10 depcnd on (he presenct or absence € n(e cwon  Where
nfection ! dded ¢ broncht were foun 10 b dilated, h where no
nfecuon d the b chy wete € aps an it uching

Escudero (1938) did 2 senes of exp ogs, but they
were ony ble 0 P duce br! nchiectass when th jpstruction was mplete
and when cont uon of b chual d of their
cases Wit lete obstrw! 100, 1n the | nfectioft, e they

0 v
able O demonstrate bmnchm\ dilatation The dcmonstm(\on of s presence

or absence was agait made at pos(-monem examination
Weinber! (19% produc 4 bronchial obstructiot m abbits ©

e
sand burf Every possm\e attempt WaS (made 10 €X° xclude \nfcct on, d a\‘hough
this Wl ot success(u\ 1o each case, bro! nchwctasls was ersal findings
also dem nstrated at post-Tmor m examin

pavdson and Le¢ Lander (1938) pmduced b onchwct by the ntro-
duction of gurm ¢3! 2 In (s case the ‘demonstral \' \h d\ atation W8S

de eans pronchos! Hing amm

These yarying: d apparem\ radictory esull st be c 10 wmto
some ali-e bracing U eory of ¢ d f the Ailatatso In m(:rprelmg
any €XPET ent: the first essent1d! note 1M each €as® thet
the pronch ectasis W3S onstral proneh gmphy\ ife st morte™
exam! This v mp 10t becavsts Af m ern theores rect,
the dilat tion 15, 10 the first place, dent the pormal physs 1 condt ons
exisung the wntact 073%s ovat of the ung! from *! porat pos

orie! destroys thes inysical conditions Cotngat (\%36) was first 10

nt out e 1mport e of th g\ alls f the x for the duction of
the conditio! This was atso ck sy itustrd ef one €ase t compto!
Hosp\la\ n arly daYs of obectomys wh 1obe was Tem A from 4 e thora®
for the condit n of bronchlecmsxs al bseque t e nmma 101 £ the 100¢ Wi
1tto e de nd aurless bu 1th € tely 1 brone! e P ah“it
pronchog™® i th clearly ! Hustrate! od the Pres 5ence € 5 fusifor™ o broncht
ectasts

The secO! d e 15 the P obst tructiods € entral
penphcm\ g\ 1r SPA 1stal 1o the structt byect ot h m forc‘::s.
whether the ©! struction ¥ cemm\ or pcnph:m N milart O 1005 P! xlw i
to the obstructt dentic?® hus proncht her: he tructto ‘;‘ "
coltapse ifference® tha! the ntral obstructi® Sy
pronchs: 1 walls ar! thened Y ilagnod n| ar






BRONCHIECTASIS

tuberculous glands 1n the hilar region of the Tungs may produce lobar collapse
and account for a number of cases of bronchiectasis (Brock, Cann and Dicknson,
1937)  Brock (1950) drew attention to ths as a cause of haemorrhagic bronchi-
ectasts of the right middle Jobe.

Inhaled foreign bodtes are responsible for a small number of cases, and post-
operative atelectasis, more especially following operations in the upper respiratory
tract, account for a further number lL’a?er m lfe there are many cases of
atelectasis of obscure ongm, which may persist and give nise to permanent collapse
and bronchiectasss  Later still of the t hus plays an
part 1n the production of the condition

Lobar pneumonta has always been ascribed an important role i the aetiology
of bronchiectasss, and 1n cases n which resolutton 1s delayed or incomplete,
bronchiectasis does follow  These cases of unresolved pneumonia are probably
due to retention of secretion mn the consolidated fung leading to a permanent
atelectasis It has been stated that the occurrence of bronchiectasis m cases
with asthma 1s rare, and that atelectasts also does not oceur n spite of the bronchial
oedema and spasm A thorough search by bronchography 1n cases of asthma
does not bear out this bot| 2! and bronch being frequent
complications of asthma

Many children with bronchiectasis give a history of a tracheotomy duning an
attack of diphtheria and a tracheotomy scar 1s found on examnation of the
neck There may be no connexion between these two facts Pasteur, however,
pointed out that atelectasis was a frequent occurrence 1n severe cases of diphtherta
It 1s also possible that the tracheotomy was performed on the mystaken diagnosis
of laryngeal obstruction, the obstruction 1n fact being lower dowh'the resptratory

passages

Case reporf
JT a small boy aged 3 years was seized with mtense dyspnoea and cyanosis
Marked stnidor was present and a was d as an
measure  No rclief was obtained and the child was admutted to hospital  On
admission dyspnoea and cyanosis were present and on exarunation of his chest
complete dullness and absent air entry on the Jleft side were found !
Bronchoscopy was performed  His Jarynx and trachea were found to be normal
The mucous membrane of the left mam bronchus was oedematous and mtensely
nflamed and the oedema completely obstructed the lumen of the bronchus  The
right mam bronchus was normal  No cause for this was fo\mti The let]'; lung
rematned 11 ly collapsed and b was 1n the collapse
lung (see Fig 58)

Many other factors have been put forward as the cause of brongh:cc!asls

Infection of the nasal simuses has been ascribed a major role, and the ret}u'clr;i):

with which the two conditions coexist has been used as e[x prool; l:)f t!:,csl: ;e! an o
hown that mnspiration of opaque oil into the n

g Il’ hasjbeen spread d . of the oil 1n the lungs the following

has p widesp
day Tius shows that it s possible for mucus dropping down the back of the
nose to be 1nspired, and possibly produce obstructton and collapse
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BRONCHIECTASIS

Fibrosis of the lung 1s not a primary condition, and probably plays no part
in the production of bronchiectasts In cases of stlicosts the widespread fine
fibrosis 1s an essenttal part of the disease, and bronchography has demonstrated
normal bronchi in the majonty of cases

Bronchial dilatation 1s a frequent p of tubercul d of
the lung, more especially 1n those cases tn whick atelectasis has played a major
role, and 1n conditions of tub i! trach: , bronch 15 an
mvanable accompamment

The histol of b h bi d from post mortem spectmens, has

nearly always shown the presence of gross infectton, and this fact has been used
to give mfection a domunating role n the production of the condition Histology
of lobectomy specimens on the other hand, when the Jobectomy has been per
formed 1n early cases or cases in which there were few symptoms, has shown
Inttle, of any, mfection

Bacteniology of the sputum 1s extremely varred It 1s unusual to find one
Q as the only 1nhab of bronch sputum, and 1t 1s much more
usual to find 5 or 6 vaneties of organisms, none of them predominating  The
bactertology closely resembles that of bronchrtis

DIAGNOSIS
Symptoms and signs
- 4= w3 o 4o thn cra amna aF A Datad heanche hit on infection
\, of virulent
. . > premature
tracted and

produces a chain of signs and symptoms which have come to be regarded as
pathognomtc of bronchiectasis Dilated broncht surrounded by aurless ifung
may lead to recurrent attacks of pneumonia, but whether this 1s due to a lighting
up of a dormant infection or to a supecadded nfection cannot be stated with

any certainty

A low-grade may produce J: 1n the dilated broncht

and these granulations may, on occasion, bieed, glvm‘g rise to repeated haemop
Ily bronchrectass being part of a 3t y

Ok danhe 4 a are the other mamfestations,

hich displacement of the heart and emphysem:
?( cone n:m?y be the di p This 1s especially so 1n the case of
the older patent

ly severe teading to chronie 1l health
o o the o Idhood are followed by chronsc

are strtking R 'y crises 1n
cough and copious sputum, which vanes in amount irom 1 ounce to § pint per

day The character of the sputum 1s muco-purulegt asba rule, and @ cne;t;'z)tlr;
to be

cases 1s offenstve, 2 peculiar sweet sal

disease  With this productive cough 15 a series of haemoptyses, ast z:rs‘:lribggl

great 1n amount but increasing in severty In 2 case such as that jus des uck

dyspnoea 15 always a marked feature, although not the prlm‘.;xryesu:tl 5,1 o

Further mquity tnte the cidents m the past may reveal a b r
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BRONCHIECTASIS

Pagents are also encountered who complain of cough and sputum 1n damp
and foggy weather, but who are symptomiess 1n spells of fine weather This 1s
such a common occurrence 1n patients with normal bronch: hving m large cities
that 1t alone should not be regarded as being directly connected with the bronchial
dilatation

Occastonally pattents with a history of productive cough of some years' standing
will say that they have had 4 or § attacks of pneumoma  This history 1s
of great significance, especially 1f the same lobe of the lung has been nvolved
1n each attack of pneumonta

In some of the senies of observed cases of bronchiectasts, sputum has dated
from a recent acute upper resprratory infection whilst 1t has been known that the
bronchial dilatation has been present for a great many years but htherto has
been virtually symptomless

Cases are also seen 1 which the only complaint 1s that of recurning haemoptysis
As a rule clinical examination of these patients does not reveal any gross abnor-
mahty though an area of bronchial breathing and a few rales may be discovered
Radrological examnation, however, may indicate 2 localized abaormality sufficent
to warrant bronchography

Other cases are detected by the routine tvestigation of certain climical and
radiological abnormahitte  T' 4t —- ~=¢ ~Foneac afvaracalisd preumonia,

1f completely investigatec Numbers
of cases of asthma, mn ered, agam
reveal dilated bronch:  Post-op: ve lung d if p will often

show a stmmilar state of affars

Radiological sppearances

The important radiological signs are  (2) those of the other compensatory
mechantsms secondary to collapse, and (b) the patchy opacities associated with
mfection 1n the atelectattc lung

In the carly stages, and when the collapse 1s of recent ongin, the atelectatic
area may throw a shadow on the x-ray film, and the shape of the shadow 15
chatacteristic for the area mvolved In cases of longer standing, no shadow of

the atelectatic area will be seen, and the radiological appearances will be those
of the p Y that s, ek of the cor ding half of
the h with 1 of t, a locahzed area of emphysema,

and displacement of the meduastinum to the affected side (and this displacement
of the mediastinum 1ncludes such changes as elevation of the pulmonary artery

and peaking of the pencardium either on the night or left) Occastonally the

condition . TONIY mmmanennne s» she bungs
If opaqu* se will be found to
manifest, and that

be crowde . .
1s the great increase i the size of the broncht with mspiration, and the return

to An l:::l:tdxlated level with exparation © v et tre oo mav 2SO
S! 1

be a move L A

moves to . .

(see Figs 59-60) .
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Fie 59 —Bron
chectass of

B onchograms
show g ()
the s zc of the
bronchy in ex
praon and
(6) the s z¢ of
the same
broneh in 1n
spraton




BRONCHIECTASIS

Fic 60 —(@) In
spiratory and (b)
expiratory filmsin
a patent with
bronchiectasis of
at least 17 years
standing showing
increase n calibre
with inspication




DIAGNOSIS

1t has been customary to classify h ding to the W h
graphic appearances, and cylindncal, fusiform, and saccular bronchiectasis have
all been described  These dustinctions, although entirely arhfimal, are of some
use chmically, as 1t wifl be noted that the cases of saccular dilatation a» a sule
are the cases of more widespread snvolvement of the lung, and mt which
dysproes ts the outstanding symptom, Wwhereas cylindrical dilatation 15 as a rule
{ocalized .

A Mt st e e

The diagnosis of the condion of bronchieetass deperds an the demanstration
of dilated bronchi by means of opaque ol 1n the bronchial tree  The method
of introduchion of the ot ts a matter for the operator’s preference  Pleas have
been advanced for methods where the o 15 itroduced over the tongue of through
the fose, as mvolving less trauma and fess distress 10 the patient  In a large
senies of cases w which repeated bronchograms were performed by the author
and sanious methods used, the expenence was that the patients preferred iection
through the crico thyroid membrane, and the only explananon put forward for
this s that less manpulation of the tongue and cocamzanon of the throat is
necessary by this method, and tht »t takes less tsime

The most important part of any method 15 the postunng of the patient, so that
either the desired area of fung s filled with the radio opaque oif, or preferably,
the whole of the bronchual tree 1s filled on the one side  In order to get the most
satsfactory and easity iterproted results two Separate mampulalions are pecessary
At the first, the diseased pan s completely filled, and after an interval, of days or
weeks dependig on the amount of residual Lipodol the other side 1s fitled
The modern technsque 1s 10 fill one side completely and then go an inmediately
to fill the other side, and take eblique w-ray photographs  These pictures are
somew hat dilficult to interpret, as overlapping of the broncht must occur some-
umes, goag the appedrance of bronchiectasis where none may be present

The amount of rodized o1l used 15 about 15 20 mulblitres  Thus shoutd be
sufficient to fill one side of the fung completely, and 15 better of used cold (as
wstructed by the manufacturers)  Aheolar filling 15 annoying, as 1t obscures the
final prctuees 1t 15 uny le and perhaps dable, but the author found
13 10 be less frequent when cold hieny depasi contrast o was used

Bronchography carried out on children 15 apt 10 be dsappomsting, and
alvealar filling 1s extrem=fy common  The explanation of this a5 probably that
the o ts put 1 under o general hette, through a b h e, and that the
pressure apphied theough the syringe and catheter causes the oil to be squisted
with some facce into 1he finer broncht

Bronchoscopy ts & wseful adjun.t to bronchography in the dagnosis, and 1s an
essenttad prelinunasy 1o the surgical trextment of dronchiectasss  ft enables pus
1o be seen weling out of Ihe bronchi and may help the decision as to which
1% the most heavdy wnfected of the bronchiectatic arcas A fibrons sticture
SUpgests @ tuberculous of traumanc eryn for the distanon  Unsuspected
foreipn bodics are <ometimes found and can be remored

1o~




BRONCHIECTAS!S

As part of the prehminary investigations tipping of the patient mnto the various
postttons required for drainage of the affected bronchi 15 essential In the more
grossly infected cases, as a result of tipping, 1 or 2 preces of thick, purulent sputym
may be obtamed The non-production of sputum by this method does not
necessartly rule out the p of 1nfe and this 15 especually true i the
case of children The children may be held 1 the appropriate posttion for
munutes at a time and produce no sputum at all, whereas subsequent broncho-
scopy or other manspulation may result 1n a copious productton of foul, purulent
sputum

Other 1nvestigations which are helpful are a white cell count and posstbly
sedimentation rate In the majority of cases 1 which fection exists, 2 leucocy-
tosts 1s present, and n these cases the erythrocyte sedimentation rate 1s usually
raised  As a rule bronchiectasts 1s not assoctated wath fever except tn the acute
ncidents

COURSE OF THE DISEASE
As already ndrcated, 1a some cases the infection s so overwhelmung that death

occurs within a short period of the of the
These cases more closely resemble an acute lung abscess they were alw::ys
. 1 tatian A

acute exacerbaton of the Jung condition (see Figs 61-6/)  1is type o1 wase
may develop at any stage a cerebral abscess which m 1tself may prove fatal

These cases of bilateral involvement have been heavily infected from the
begmumng They have also been bilateral from the begnnmg The spread of
bronchiectasis from one part of the lung to another 1s extremely race, and when
1t does oceur, it happens as a result of a plugging of further bronchy, with conse
quent atelectasis The spread of bronchtectasis by infiltration, such as happens
n pulmonary tuberculosis, does not occur

The incidence of infection occurring 1 a previously coltapsed umnfected lung
1s extremely hard to determme In a series of over 100 cases followed by the
author for 13 years, this did not happen in a syigle instance Tn the same sen;s,
repeated bronchograms were performed, and spread occurred tn one case only,
and th ¢ finally dicappeared

nosed 1l Qledt biua + ~
t marrsed and 31 per cent had childeen 2
pellent as has been
rse of the

vast majgority of pattents seen and diag:
patients followed by the author, 53 per cen
sequence of events not likely to occur 1f the patients were ;s; r: e e
suggested It was found that the pregnancy did not affect
disease, and the disease did not adversely affect the pregnancy

168



COURSF OF THE DISEASE

1ty

Fic 61 — (m Com-
plete collapse of keft

lower lobe (1933}
w hmarkedly d lated
bronchy prevent in

closg to the vertebral
border {4) 1948 no
anprecustle cham
no further hmmh
ectacs 10 ket ug
kb and atl bronchl
outl ned on 1 3kt sele
are wihn nomul
l o eoept pons by
he ene seent close ta
the verictral border



BRONCHIECTASIS

Fo 62(a)

Fg 62 (8



COURSE OF THE DISEASE

Fic 62 —(a) Outline of 2
collapsed left lower lobe with
some abnarmally heavy

bronchi n 1t (1934) Broncht
elsewhere wnsufficrently filled .

{6} collapsed It lower lobe
contuning_dilated _ broncht
(1948)  The filing of the

some bronchiectasis  The
other bromhl on the left
side_are not Bronchi

"
e e are dilatcd o the N
middle lobe but othernise -
norma

. -

@ b

Figures in the past have shown an exiremely heavy mortality in medically
treated cases  Most of these studies were 1n the early years of the use of Lipiodol,
and 1t can only be assumed that the heawily infected cases predominated

Bradshaw, Putaey and Clerl (194)) 1n a senes of 171 cases of bronchiectasis
followed from 1925 to 1935 had 59 deaths (34 5 per cent) duning the period under
obsenation

Perry and King (1940) in a detailed analysss of 144 cases found that 41 per cent
died within 5 years of onset and only 15 per cent remained aline for 20 years
or longer

Roles and Todd (1933), out of a total of 45 patients treated medically, found
that 23 were dead within a short pertod

COMPLICATIONS

The main of 1s the of attacks of infection
1n the atelectatic lung and in the diated broncht  The incidence of this complica
tion has never been seriously worked out, but it s undoubtedly high  The
severity of infection raries from case to case and may be 1n the nature of a
severe pacumoma, or of a tnvial febnle attack associated with an wacrease
cough and sputum

Cerebral abscess 1s histed as one of the most frequent complications, and occurs
mainly in the heavsly infected patient  No ca<e of cercbral absoess 1n an uninfected
patient has been recorded

m
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TREATMENT

Amyloid disease, although 1t occurs, 1s not nearly so common as in the corres-
ponding stages of pulmonary tuberculosis

Rheumatism, mncluding mfectine arthntss, 15 @ rare compheation

Nephritis has been reported on several occasions

TREATMENT
The aim of treatment 1n bronchiectasts must be to nd the bronch: of infection
Re establishment of normal calibre 1s not possible, except 1n a small number
of patients 1n whom reversion to normal takes place without medical aid  The
eradication of infection depends on the drainage of the affected bronch: and the
admimistration 1n one form or another, of drugs designed to kill the orgamsms
prevailing in the sputem

Postural drainage (F1g 68)

‘The patient must adopt 2 posture 1n which the affected bronchi are at a higher
level than the bifurcation of the trachea, so that the sputum may run down to
this point, whence 1t can be voided by the patient Thus, when the ventral
(or anterior) broncht are affected, the patient lies on his back, and when the
dorsal (or posterior) bronchi are affected, he lies on his face  Dranage 15 also
assisted by tilting the patient, so that when the Jower bronchi (those below the
bifurcation of the trachea) are involved the patient hes with the foot of the bed
raised, and when the upper bronchi are involved drainage tkes place naturally
as the patient 1s standing  As already mentioned, 1t 1s unusual to find a case of
infected upper lobe bronchiectasis

The drainage 1s further helped by inclining the patient so that he hies with his
uninfected side uppermost  Therefore 1n the case of mght dorsal lobe involvement
the patient should lie partially on the left side, face uppermost, and 1n night middle
Tobe imvolvement he should he partially on the left side, face downwards

These postures are casily maintained for 2 considerable period of time,
and consequently are the ones to be ded n the imtal More
drastic drainage can be intermittently supplied by making the patient hang over
the edge of the bed, with the body inclined vertically downwards—~—this, of course,
for the patient with Iower lobe infection  This posture cannot be maintained
for a long ume, and usually produces a severe headache Postural beds and
frames have been designed so that the mamtenance of these postures can be
more eastly carned (:ul, and they play & uscful part, particularly tn cases of
Mlasanad afe o e Poidy . A

hung over the top of the frme

Occasionally, the combination of broncht tnsolved 1 such that more than one
posture 1s necessary 1o produce eflectine drunage  The length of time allowed
for eack postare 18 gorecnod by the extent of the wfectoon (@ simous areas dut
1t can be stated generally that the Jower lobe bronchs, with possibly the middle
lobe and Lingula bronchi, are more heavily infected than the bronchi of the
upper lobe
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Fi6 63 — (a) Complete collapse
and bronchiectasis of the left
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within  normal  liouts  (8)
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TREATMENT

Amyloid disease, although it occurs, 1s not neatly so common asan the corres-
ponding stages of pulmonary tuberculosis

Rheumatism, sncluding nfective arthrtis, 1s & rare complication

Nephritis has been reported on several occasions

TREATMENT
The aim of treatment in bronchiectasis must be to nid the bronch: of nfecuon
Re-establishment of normal cahbre 1s not possible, except 1n 2 small number
of patients in whom reversion to normal takes place without medical aid  The
eradication of infection depends on the drainage of the affected bronchi and the
administration, 1n one form or another, of drugs designed to Ml the organisms
prevathng in the sputum

Postural dramage (Fig 68)

The patient must adopt a posture 1n which the affected bronchi are at a hugher
level than the bifurcation of the trachea, so that the sputum may run down to
this point, whenee 1t can be vorded by the patient  Thus, when the ventral
(or anterior) bronchi are affected, the patent lies on his back, and when the
dorsal (or posterior) bronchi are affected, he hies on his face  Drawnage 15 abso
assisted by ulung the patient, so that when the lower broncht (those below the
Mfurcation of the trachea) are involved the patient lies with the foot of the bed
rassed, and when the upper bronchi are mvolved dramage takes place naturally
as the patient 1s standing  As already mentioned, 1t 1s unusual to find a case of
ifected upper lobe bronchiectasis

The drainage 1s further helped by inclining the patient so that he lies with fis
uninfected side uppermost  Therefore in the case of nght dorsal lobe snvolvement
the patient should hie partially on the left side, face uppermost, and in night nuddle
lobe 1mvolvement he should hie partally on the left side, face downwards

These postures are casly maumtained for a consderable peniod of time,
and consequently are the ones to be ded in the initaal More
drastic drainage can be intermuttently supplied by making the patient hang over
the edge of the bed with the body inclined vertically downwards—~—thus, of course,
for the patient with lower lobe wnfection  This posture cannot be maintained
for a long tume, and usually produces a severe headache  Postural beds and
frames have been designed so that the maintenance of these postures can be
more cawly carried out, and they play a useful part, particutarly n cases of
hulateral infection  If this s of the lower lobes the patient should have the frame
at an angle of 100 degrees 2nd should lie over the frame on his face, learming
i possible, 1o sleep 1 this posiion  1f the infection 1s of the Lingula and middle
Tobe the same frame 15 used but the patient should hic on tus back with his hnees
hung over the 1op of the frame

Occasionally, the combination of bronchy involved 1s such that more than one
posture 1s necessary to produce effective dranage  The length of time allowed
for cach posture 1s gorerned by the extent of the infection m vanous areas, but
it can be stated generally that the lower lobe bronchs, with possibly the middle
lobe and hogula bronchi, are more heavily infected than the bronchi of the
upper lobe
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TREATMENT

Amyloid disease, afthough 1t occurs, 15 not nearly so common as 1n the corres-
ponding stages of pulmonary tuberculosts

Rheumatism, including mfective arthrtss, 15 a rare complication

Nephritis has been reported on several occasions

TREATMENT

The atm of treatment in bronchiectasis must be to nid the bronch: of infection
Re establishment of normal calibre 1s not posstble, except 1n a small number
of patients 11 whom reversion to normal takes place without medical aid  The
eradication of infection depends on the drainage of the affected broncht and the
administration, 1n one form or another, of drugs designed to kill the orgamsms
prevatling in the sputum

Postural drainage (Fig 68)

The patient must adopt a posture tn which the affected bronchi are at a higher
level than the bifurcation of the trachea, so that the sputum may run down to
thus point, whence 1t can be voided by the patient Thus, when the ventral
(or anterror) broncht are affected, the patient lies on his back, and when the
dorsal (or postenor) bronchi are affected, he lies on his face  Drawnage 15 also
assisted by tlting the patient, so that when the lower bronchi (those below the
bifurcation of the trachea) are mvolved the patient hes with the foot of the bed
raised, and when the upper bronch are mvolved drainage takes place naturally
as the patient 1s standing ~ As already mentioned, 1t 1s unusual to find a case of
nfected upper lobe bronchiectasis

The dranage 1s further helped by inclining the patient 5o that he lies with his

PR - e - .

These postures are easily mantamed for a considerable period of time,
P B PRI ' . L e

for a long time, and usually produces a severe headache Postural beds and

frames have been designed so that the matenance of these postures can be

more casily carried out, and they play a useful part, particularly 1n cases of
el ca s .

hlabaral *afan n
hung over the top ot the frame

Occastonally, the combinatton of bronchi mvolsed 1s such that more than one
posture 1s necessary to produce effective drammage  The length of ume allowed
for exch posture ts governed by the extent of the mfection 1 varous areas, but
1t can be stated generally that the lower Jobe bronchy, with possibly the middle
{obe and linguta broncht, are more heavily infected than the bronchi of the
upper lobe
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TREATMENT

The second methad of procuning drawnage is to tsert a bronchoscope and apply
suction  This has been done as frequently as twice a weeh, as a routine, for
years, but 1s a poor substitute for well applied postural drainage

One of the early operations on the lung was designed to dramn bronchiectatic
cavities through the chest wall  This operation has been abandoned for some
years but occastonally 1t has been performed as a result of a mistaken diagnosts
of lung abscess  Bronchiectatic cavities are multiple 1t is therefore ineffective

1t 1s sometimes necessary 1o augment postural dratnage by percussion therapy
carried out while the patient 15 in the proper posture, and accomphished by sharply
tappiag the chest over the affected bronchi for a period of about one munute

Introduction of pemicillin and the sulphonamides

In diseases of the lung the two most effectve methods of applying pemcilin
are by mtramuscular imection and by mbalatton  There 15 sull some doubt
as to which of these two methods 1s the more effecttive and it 1s really a matter
for individual choce Intramuscular injection produces sputum devoid of
peactlin sensive organisms tn 4 5 days  Inhalation of peniedllin produces the
same results and 1s much more impressive to the patient and consequently bas a
marked psychological effect

Penieallin by tnjection should be ginven in doses of 250 000 umits 4 times a day
and the course should last for at least 2 weechs  If aneffectnve 10 this ume it s

s
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FIG 67 ~{q) Bronch
ectasis of left lower
Tobe and of the bronchi
1 the region of right
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bronchi of upper Jobe
appear normal  {¢)
the nght muddle lobe
appears normal n 2
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dorsa] lobeon rightside
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pectoral dwsion  of
upper lobe  These may
be the bronch: out
lined in (@)




TREATMENT

©

unl kely to be of any continued benefit but examination of the sputum at the
end of the fortnight must be made to find whether the orgamisms present are
nsensitive to this form of treatment

If after 2 weeks treatment there has been hittle decrease i the amount
of sputum and the organisms present are found to be Gram negative a short
course of streptomycin O 5 gramme twice a day for 2 days may help to clear
the mfection

Penicillin by inhalation 1s given 1n short spells of about 10 minutes duration
duning which time 200 000 unuts of pentill ain 10 mullilitres of solution are atomized
and inhaled  Any form of atomizer 1s effective thourh for hospital treatment
one of the machines i wh ch the current of air 1s produced by an electric motor
1s probably the best These mach nes ¢tn be hired for use 1n the home but
there are alio some effectine hand spray instruments which are nexpensive
and can be used and mamtained by the pat ent without any great shill or care

Chloromycctin ¢1n be used instead of streptomycin 250 milligrams $-hourly
by mouth for § days This by can be used 1n b with pemcilin
therapy 1n all cises which show a mixed flora in the sputum

Oceastonally the sputum s found to contan streptococct or Gram positive
organisms which are insensitine to penraillin but sensive to the sulphonamudes
T or such cases sulphameraz ne 2 grammes 4-hourly for 2 days and then [ gramme
3 tumes a day for 2 weeks may be effectne

These methods are usually adequate to deodonze the offensive sputum and
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also reduce 1t considerably in bulk  However, should the offensive odour perstst
creosote capsules, 3 grains, 3 times a day by mouth are effective

As a result of these combined forms of treatment, a remarkable improvement
1n mdividual cases 1 recorded  The penicillin and sulphonamzdes are, as stated,
usually maintained for 2 weeks, but postural dramage may have to be undertaken
for much Ionger, and mdeed 1n many cases, has to be mamntaned for life
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TREATMENT

Indications for surgery

No case should be presented for surgery untit a prolonged p-riod of obsenvation
and postural dramage has been tried  After what length of time bronchiectasis
becomes wrreversible 15 not certain and on this score atone 1 year should be
allowed to elapse from the date of the first demonstration of the conditton before
adecision as to surgecy ssmade  In that year the case may with postural deanage
and b have become ptoml and even if the dilated bronch are
still present op 15 not

The practicability of the removal of a lung rests with the surgeon, and with
the surgeon only The amount of lung which the surgeon 1§ willing to remove

it must be undertaken as a hife saving measure  The removal of segments of the
Jung has opened up a wader field, and has rendered operatron possible 1n cases
previously judged to be moperable

Io the treatment of bronchiectasis there are several mdications for surgery
There are certain patients who are so werched down by the presence of the
symptoms eicn though these symptoms may not be marked that surgery
may have to be advised on psychologicil grounds as this type of patient resents
any abrormality which disttnemishes him from his fellow men and having to
undergo prolonged postural drainaee 15 as repugnant to um as 13 the 4-5 ounces
of sputum

I

T of gradually severity and of increasing frequency 1s
another ble ground for or
Repeated major 1nfe 1 the area another reason

for surgery Tnfection i the bronchi does not evcept in the case of children,
give sufficient trouble to justify lobectomy as the infection can be controlled
and probably eradicated by the means already outlined
T ag amtoam g Ly o
- e § - . f o
a o . e o
. 1 - [N . o o
Certain cases fail to respond to the medscal treatment outlined and the infection
at the end of the preliannary period 1s as heavy as st was beforehand  Such
cases should be re-considered after a peniod of observation, and 1f the symptoms
persist and there 1 evidence of septic absorption operation shoutd be adwised
Surgery has been advised on <everal occasions on prophylactic grounds, the
prophylaxts beme the prevention of spread and of infection 1n previously un
nfected dilated bronchs  These grounds cannot be justificd as it can be shown
that 1nfection and spread are neither mevitable nor frequent
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CHAPTER 13

INTRA-THORACIC MANIFESTATIONS OF SARCOIDOSIS
J G ScapDinG

DEFINITION

HisTorICALLY the concept of sarcoidosis as a systemic disease has ansen from
correlation of partial descriptions each referring only to mamfestations in
organ, sometimes with passing reference to possible changes in one or more ot
organs The syndrome has received a confusing vanety of names, includ
sarcordosis, non caseating pseudo

matosss berigna, and eponyms such as Boeck's disease, Besnter-Boeck’s dise.
and Schaumanns disease  The \\ord snrccld05|s has the advantage that

B
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absence of agreement about acttology, the best criterion ofdeﬁmhon 15 h:slolcgw

Sarcaidosis may thus be defined as a disease characterized by the presence it
.t ' s

ceeding 1n the older lesions to comversion 1nto a pecubar hyaline type of fibi
connectave tissue  The chimeal observations which have led to the concept |
systemuc disorder charactenized by this histological picture have been well s
marnzed by Schaumann (1936), Pinner (1938), Snapper and Pompen (1938)
Longeope (1941)

The possible and of of sarcord
are numerous The skin may be involved in several ways mncluding
sarcoids of Boech and the lupus pernio of Besmier  There may be localtze
generalized enlargement of Jymph nodes, and enlargement of the spleen
Liver usually shows microscopic lesions, but these relatnely rarely pive ns:
chreally evident enlargement or to symptoms  The eyes may show a chr
mdo-cychtis which may bc assocm(ed “nh entargement of the salivary gk
gving nise to H d fever The small b
of the hands and feet may show the chnnges cl‘ Junghing's osteitts tubercul
multiplex cystosdes  Rarer mamifestations sncfude endocnine changes, not:
diabetes innprdus from lesions of the pinuntary 3 and vanous forms of involver
of the central nervous system, of the kidneys, of the heart and of the gastro-mtes!
tract  The lungs and m(r;:lhoracnc lymph nodes are imohed m a |

A S

. . v .
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DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS

not been found during Life, they have been demonstrated, albeit with difficulty,
at necropsy There 15 no clear distingwshing charactenisic between chronic
miliary tuberculoss and diffuse pulmonary infiltrations of sarcoid type ; every
gradation between the two extreme types occurs  Many reports of post-mortem
examinations have been published 1n which typical sarcosd lesions were present
1n some organs, typical caseating tuberculous lesions with bacilli present m other
organs, and mntermedsate types of lesions elsewhere 'The‘mdencc thus appears

definition of sarcoidosts, has up to now been proved to be capable of causing
lesions of sarcoid type , this obviousty does not exclude the possibiity that some
such agent may be found 1n future

DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS

Where there are other of 3 larly shin lestons,
lymph and indo-cychitis with or without salivary gland
mnvolvement, the diagnosis of accompinymng intra thoracic changes usually
presents little difficulty  Dufficulty 1s most frcqucmly met 1n those cases in which
the 1$ a pul
ln such cases the condmons which most frequently have to be considered 1n
1 duag are il either of chrome muliary type 1n the diffuse
wnfiltrations, or of ofd burnt out fibrotic type 1n the Jater stages of pulmonary
sarcordosts , 1ndustesal lung discase, notably that due to exposure to beryllium
compounds , diffuse nodular fibcosis of the Jungs of obscure aetiology, and
ou:asxcnnlly fungus diseases of the lung  Histology 1s the only objectrve method
g a climeal diagnosis of , but since the defimuion here
adopl:d demands that the characterisuic changes should be present in all affected
tissues, the discovery of such changes 1n single bropsy spectmens 1s not absolute
proof of the diagnosis, but 1s evidence to be added to chimcal, radiological and
other observations  In all cases a careful search should be made for supcrficial
jymph nodes, in cases of intra thoracic sarcoidosis Iymph nodes above the
claacles, espectally yust above and behind their 1nner ends, and 1 the axillac
are often found to be palpable on careful search It s always worthwhile obtaning
biopsy of any chinically enlrged Iymph node from any site 1n a suspected case of
sarcoidosts  When no palpable lymph nodes can be found, aspiration lner
biopsy, even though there 15 o climcal evidence of invohement of that organ,
often shows charactersstic Testons
In differentral diagnosts from caseating tuberculosts, histological evidence 15
not incontrovertible, since it 1s well recogmzed that iy mph nodes at a distance from
a focus of caseating may show £ tuberculous lesions
ndisungushable fiom those of sameodons  The pomits winch suppedt a diagnows

cfsarcondmn arc a gcncral mndmon better than would be expected 1n a patient
e
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DIAGNOSIS AND DIFFERFNTIAL DIAGNOSIS

fic 71 — Coarser
d fluse mottd ng with
out obvious enlarge
ment of hular lymph
nodes due to pul
monary sarco dows

Fo 72 — La
stage putmonary
sarcoidosss wilh
fibrosis in

physematous
changes else
where 1 the

fuse putmonary
mottling was
evdent  (same
cae as i brg
Y
Latery
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TREATMENT

TREATMENT

No form of treatment can be rehed upon to influence the course of the disease
In the more 2cute types approstmating to chronic miiary tuberculoss 1t may
appear reasonable to try the effect of streptomyain However, streptomycin
1s most effective In the acute exudatne types of tuberculosts and refatively hittle,
if at all, effective mn the most productive types, and the lestons of sarcoidosts
are the perfect example of the productine non exudative reaction  The relatively
Iittle informatson at present avaultble about the effect of streptomyctn in sarcordosis
15 1n accordance with expectation based on these considerations  Caleiferol
has been used 1n an attempt to modify the course of some of the progressive types
of nodular nfiltrations  Since 1n these forms of pulmonary sarcotdosis sponta-
neous regression is frequent results are difficult to interpret . and evidence 1s as
yet mconclusn: about the value of this form of treatment  Many patients with

are p 1o the toxic effects of calaferol and may
suffer sertous bioch ! and disturb: with evidence of renal
damage after the uncontrolled admmstration of quite small doses At present,
therefore calctferol should not be given to patents who are symptom free and
whose lesions do not scem 1o be progresswve , its use may poswbly be justified m
those patients who have diffuse Yy which are n
density under obseriatton  In such cases, after preltminary investigation of the
levels of serum calcium and blead urea and of renal function, 50 000 units daily
by mouth should be gnen at first Thxs may | be mcreased progressively if there

1s neither nor serious b 1 disturbance up to a maxumum of
150 000 umts daily and the tolerated dosagc maintained for 4 months  Minor
upsets duning the course of mt of dosage .

and some patients cannot tolerate even 50000 umts daly  Radrographic improve~
meat uswally is not evident unut alter the end of thes course of treatment

For the later stages of p y d with fibrotic and
emphysematous changes no curatine treatment 1s possible, and the treatment 1s
simnlar to that of a case of pulmonary emphysema and fibrosis of any other
cayse
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THE RETICULOSES AND ALLIED DISORDERS

Resultant or d pull y disease —Bronch 15 usual mn the
terminal stages of all reticuloses  Pulmonary tuberculosss 13 not nfrequently seen
1 association with chronic leukaenua ot lymphadenoma and afficulty may be
expertenced in deciding whech disease came first Pulmonary cavitation oecurnng
during the course of a retrculosts may be due to tuberculosis, to a Jung abscess or,
oce, lty, ta the breakdown of a mass of lymphad glands

LYMPHADENOMA AND LYMPHOSARCOMA

In lymphadenoma, abriormal rad alam mat anes - -

rather more than 50 per cent of « -

glands or pleural effuston Inr

Hitrated 111 one or other of the ways described above (Peirce, Jacox and Hildreth,

1936, Galt and Mallory, 1942)  The rate of progression 1s slow and the results of

radtotherapy, other than for enlarged med 1 glands, 1s disapp A

sudden deteriaration of health, with rapid wncrease n the lesions, suggests sarcom-

atous degeneration (see Figs 75-76) *
in fymph the e changes are simifar to lymphadenoma but

occur jn anly about one case an five They progress rapidly and usually show a

le rutial resp to {Fiyg T

MYCOSIS FUNGOIDES
The disease may be itmited to the skia for many years and then rapudly extend ta
other parts of the body , the lungs may show large roundish masses or a coarse
maottling, as a result of baematogenous dissernation (see Fig 78)

THE LEUKAEMIAS

Acute Jeukaema

In the acute Jeukaemras, which run a febrile course and termnate fatally witha
2 few months, pulmonary tnfarcts and venous thromboses are common, 3an
aspiration preumomna, perhaps with an acute lung abscess, 15 likely to oﬁ;'ur
particufarly 1n those patients, compuising about one-thurd of the totat aumber, who
have an d acute ul of the mouth or throat  The respir-
atory sy of these comp are often 1y slight and may be
overlooked In children with acute lymphatc Jenkaena massive mediastoal
glandular enlargement may develop (see Figs 79-80)

Chronic Jeukaenua

1n the chronte leukaemuas about ane case 1n five shows an abnormal radiograph
of the chest, 1n chronic lymphatic feukaemia the changes are indisimgurshable (‘rom
those of lymphad enlarged med: 1 glands betng the commonest feaf b;;&
(see Fig 81), 10 chrome myelod leukaemia the radiolagieal signs arcduis;:;};)y
stight and inconclusive (e Kirkhn and Hefke, 1931, Faleaner and Leonard,

OTHER DISEASES OF THE RETICULO ENDOTHELTAL SYSTEM

Wattz and
Gancher’s disease —This rarely extends to the tungs  Merklen,
Wasrter (1933) wete able to recover Gaucher’s cells from the sputum of an advanced
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OTIIER DISEASES OF TIE RFTICULO-FNDOTHFLIAL SYSTIM

Fic 75 —Lympha
denoma with  en
ged mediasginal
glands and rounded.
deposits il
tuags

Fit 76 — Lymphadenoma
with estensihe Imvolve

Tad ologrcal e iderce of
entarged mediastinal
glands.  The imvasion

-

during the previous year
and faled 1o respond (0
fadwtheeapy
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THE RETICULOSES AND ALLIED DISORDERS

~

N

1 Fio 77 — Lymphosar
coma with massive
glandular entargement
Followtng radio-
therapy the mass dis-

! appearedradiolog cally
! o recur 3 years later

Fio 78 — Mycosis fungoides section
of the whole of the right lung
shows many deposits _An extensne
eruption of the skin had becn present
for 6 years and a radiograph of the
chest had been normal 3 menths
before death
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THE RETICULOSES AND ALLIED DISORDERS

it -

Fro 81 — Chrone
Iymphatic  levkae
ma with enlarged
mediastinal glands
and a left pleural
effusion

case, and Myers (1937) found considerable involventent of the lungs 2nd mediastinal
glands 1 another

Niemann Pick s disease —In this disease the lungs may be involved 1n the general
process of congestion and oedema and the alveoh may contain many of the
charactenistic large pale cells (Canmann, 1944)

Other syndromes —Hand Schuller Chnistran disease Letterer Siwe s disease and
eosinophilic glanuloma of bone are described separately under the heading of

Honeycomb Lungs

LEUKAEMOID REACTIONS IN PULMONARY DISEASE
Leukaemoid reactions are occasionally seen 1n diseases of the fungs  They consist
1n a leukocytosis with immature cells and need to be differentated from leukaemua
Forkner (1938) states that in Jeukaema there 1s almost mvanably a thrombocyto
pema and that the immature forms are of a untform type and compnse at least 70
per cent of the white blood cefls  nexther of these features 1s seen 1n 2 leuksemotd
reactton  In whooping cough white cell counts of 100 000 per cubtc rmtlimetre and

more have been recorded usually 1n cases comphcated by broncho pneumomt

nearly all the cells being lymphocytes  Pneumonia m children may provoke CG:m!S

of 50 000-100,000 white cells per cubic mull often 1ncl many u
forms , the counts rapidly return to normal during convalescence

The reaction m mthary tuberculosis —A leukaemord reaction ss fairly common it
rihiary tub and should be d when there 1s enlargement of the lner,
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CHAPTER 15

HONEYCOMB 1 UNGS
NEVILLE OswaLD

AETIOLOGY
AMONGST the many varieties of pul 'y cysts, are Ily seen of
fungs which on cross section resemble a honeycomb or sponge, as a result of cysts
uniformly distributed throughout both lungs and measuring up to about 1 centi-
metre i diameter  The cysts may be due to a primary pulmonary disease or be
part of a general medical disorder , in esther case the clinical features are simlir N
horaces being and right heart faldure almost -
varably the cause of death The condition has been reviewed n an article by
Oswald and Parkinson (1949)
Pathogenests —There 1s no doubt that 1n a minonty of nstances a develop-
mental defect 1s the causative factor Tt 15 equally certaun that diffusely infiltrating
. - AR .

occasionally be the cause

DEVELOPMENTAL GROUP
The developmental group is tn many ways the most typical and the most easily
$T T moste TR e e neathis ywalled, tend to be rather large and gue
+ Is 1n otherwise translucent lung fields
. B 1n chuldhood or earfy adult hfe ; they
may be recurrent or bilateral and are sometimes fatal  Other causes of death
nclude night heart falure, broncho-pneumoma and associated developmental
defects  Few patients live for more than 30 years  Congenttal Leart disease 1s a
not infrequent concomitant {see Figs 82 83)
The mode of production of the cysts 1s unknown  Pulmonary cysts of any hind
are excesstvely rare i still-born foetuses and for this reason, apart from any others,
the term * congental cystic disease " should be abandoned  Doubtless there s 2
developmental factor, which may not necessanly operate until some months u’:
years after birth  The problem as 1t presents 1s to account, ofien, for a child \w*l‘
well developed cysts and no previous history of respiratory disease, in the hight of t :
Lnowledge that such cysts have hardly ever been observed at birth  In tfie pres:nl
state of our knowledge 1t 15 impossible to state whether the cysts are truly cOngr;'l“
or whether they have been caused by a trivial respiratory infection after blr: ‘x’r}
Tungs of poor quality  The charactenstically thin walls of the cysts, the pauct y of
reaction 1n the connective tissues of
developmental abnormahities elsewl
entity and to justify their being label
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“TUBEROUS SCLEROSIS

Fig_82 — Developmen-
tal type showing fine
lirear strianions
through both lungs A
man aged 23 years who
had several spon-
taneous pacumo-
shoraces from the last
of which he suddenly
died

TUBEROUS SCLEROSIS

Classification
Tuberous scleross, in 1ts classteal form, 1s seen as a famuinl disease of children,
mental deficiency, epilepsy and adenoma sebaceum of the fuce being its commonest
manifestations  There may in addition be myomas of the heart and kidncys,
sub-ungual fibromns and tumours of the retinae  Such children rarely survnve
unti! adult hfe and none have so far shown any pulmonary lesions  In recent
years some half.a-dozen adults, all females and some with a famly history of
tubcrous sclerosis, have been found to have a diffuse lsomyomatous infiltration of
both lungs with honeycomb cysts (see Fig 84), nonc has had mental
deficiency or epilepsy, but all except one have had adenoma sebaccum and sub-
ungual fibromas and two showed the typical invohement of the cerchial cortex
and hidneys at autopsy

Theres thus a sm:ll group of patients with somewhat atypreal tuberous sclerosis
whose y Closely related to these are
others with |dcnu¢al pulmomr) changes and with evidence of extra-pulmonary
mesodermal dysplasia, but with none of the charactenstic chmeal signs of tuberous
sclerosis  They would appear to belong to a ranpe of discases having tuberous
sclerosis at one end and the angiomatoses of Sturge-Weber and Hippel-Lindau at
the other . they my comenmently be regirded as cases of multifocal mesodermal
dysplasia A third group compmes cases with a vast increase of muscular tissue
i the lungs and with honcycomb formation, but with no extra-puimonary levions
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HONEYCOME LUNGS

In the past these have been called  muscular cirthosts of the lungs  but 1t s
probable that they belong 1o this group of mesodermal defects and represent 4
putely pulmonary form

The pathological process wn the whole grovp 1s simufar and consssts of smooth
muscle growmg out from the smaller bronchs and blood vessels aften formung
itregular masses m the Jungs or within the lumina of the broncht and sometimes
durectly mnfiltrating the alveolar walls  The mechamsm of production of the cysts
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XANTHOMATOSES

1s probably by obstruction or strangulanon of the smaller radicles of the bronchial
tree

Clinieal picture and diagnosis

The symyp derive from sy t and nght heart failure,
which rarely occur before adult Iife  The radiological appearances are of two
kinds  Usually & diffuse reticulation appears throughout both lungs, which
increases yn densuy over a pertod of years, the cysts may be difficult to see
n the early stages, but they become more apparent as the general densuty of the
lungs increases  [n the other variety an infiltrating proccss starts in one or both
lungs and gradually spreads, making the d from p
tuberculosis extremely difficult, unless there are extra pulmonary mamfestations ol’
the disease or a piece of lung 1s removed for microscopical examunation (Fig 85)

XANTHOMATOSES

Classification
Amongst the xanthomatoses there are three vaneties which are closely related
and often present 1n a mixed form , the Jurgs may be involved 1n any or In any
combination of them and show a diffuse granuloma with honeycombing  The
three vancties comprise (1} Letterer Siwe’s disease, (2) Hand Schuiler Chnistian
disease, and (3) cosmophihic granuloma of

Letterer Sine's disease 15 typically an acute aleukaemic reticulosis of nfants,
having a non hipnd: Tear as its ch cel), and runnmg
an acute febnle course of a few weeks or months, with enlarged liver, spleen
and lymph glands, and terminating fatally

Hand Schiller Chnistian disease tends to develop in early childhood 1t
frequently shows its tnad of exophthalmos, diabetes insiptdus and erosions of the
skull,asa msult ofm\usxon by cholcsleml-conmmmg mononuclear cclls (Fig 86)

may occur 1n childhood or adult hife, and 15 diagnosed

by the fmdmg of cystic spaces, usually 1n the shalt of a long bone, filled with
cosinopil cells

Microscopical examumation of sections taken in any of lhesc diseases may show
that the lungs have become daffusely dwitha The
tic cells may, however, be sparse or difficult to see because of secondary infection
There may or may not be honeycombung of the Jungs, and 1t seems extremely
probable that the cyst formation represents a tate phase

Clinical features

The respiratory symptoms depend lfargely upon the aee of the patient and the
chmcal course of the extra pulmonary features  In infants and young children,
bronchutis and broncho-pneumonta are common and atthough the immediate cause
of death may be nght heart fulure, prolonged fever and inanition are major con-
inbutory factors

Ina certain pumber of cases, the xanthomatos:s appears to become arrested, and
many yeats later evidence of pulmonary of pitwitary 1nsuTiciency may be apparent
(Occhsh and Mules, 1933)  One such case, a man 1n the late twenties, has been
under observation for § years with well marked honeycomd lungs which, apart
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HONEYCOMB LyngGs
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Fia 84 —(a) Tuberous
sclerosis with  diffuse
mottling of lungs and &
honeycomb appearance
becoming  wisible
the mud zones m a
woman aged 31 years
She also has adenoma
sebaceum of the face
subungual fibromas of
the toes and a filing
defect 1n the left kidney
which probably repre
sents a myoma During
4 years' observation
she has continued to
lead a busy ke as @
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lessness (&) Higher
magnification showing
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HONEYCOMB LUNGS

Fig 86 —(a) Hand
Schuller Chnstian
disease na baby aged
9 months  The skull
and spine were also
affected  The wide
upper mediastinal
shadow represents
an enlarged thymus
gland confirmed at
auvtopsy There was
considerable second
ary infection of the
lungs at the time of
the radiograph ()
section of lung show
ing the cystic spaces

o

[N
'

i
1n81p1¢us tor 8 years and s honeycomb lungs have been radiologically unchanged

for 4 years , 1 recent months progtessive pitwifary farlure has developed };f?ﬁ
combination of honeycomb lungs and diabetes inseprdus (see Fig 89), of ZIV xce
there are some half-dozen examples 1n the literature, 15 almost certamn eviden:
of a former xanthomatosis

The radiological changes 1n 1afancy consist 1n a mxture of rather ilf deﬁne;:l cyi;:c.
reticulation, and signs of pulmonary congestion and broncho pneumonta ,
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HONEYCOME LUNGS OF UNCFRTAIN AETIOLOGY

cysts when present are usually sufficiently obvious to enable a diagnosis to be made.
In adults the density of the reticulation varies within very wide limits ; m some
cases the connective-tissue reaction 1s so shight that the appearances are very
simular 10 those seen 1n the developmental type of honeycomb lungs , 1n others the
reticulation 15 gross and coarse  The cysts can usually be seen without difficulty
especially during the phases of spontaneous pneumothorax

BILIARY CIRRHOSIS OF INFANTS
Bihary cirrhosts of infants, a condiion of which Little 1s known, consists in a
granulomatous 1nfiltration of the bilary tracts, which gives nise to jaundice andis
usually fatal; the pulmonary changes are indistingwshable from those of
xanthomatosis

HONEYCOMB LUNGS OF UNCERTAIN AETIOLOGY

In additton 1o the above les of honey b lungs as part of vanious
general medical disorders, there are others, numenically representing about 50 per
cent of the total, 1n which the disease 1s hmted to the lungs and the aetiology of
which 1s by no means certun The group compnses adults, mostly males, ranging
in age from 20 to 60 years, with spontancous pneumothoraces and nght heart
failure as the outstanding clintcal features of the discase and having diffuse radro-
lopical changes similar {(see Fig 90} to those described above as occurring
madults  1t1s bikely that there are several different actiologrcal factors within the
group, but, whatever their nature, they must affect both lungs equally Patho-
logically, the features are somewhat simular 1 all, with varying degrees of inflam-
mation and fibrosis of the conneclive tissue, and unwversal cyst formation  The
following possible actiologcat factors should be considered

Diffuse cystic granuloma of the lungs

the cysts anise by a process of strangulation of the smaller branches of the bronchial
tree, and that their salls become infittrated by the same process  They are un-
amamlaam ek T, L

rarta oo tha aet almn AF L

- . .

oL Jorm vy
xanthomatosss bies tn the paucity of the characterstie cells, largely as a result of
sccondary nfection  As things stand, n those cases in which there 15a diffuse
aom tama e a0 PR .

' w M

Lmphysema

Whether or not unnersal emphysema should be regarded as a vanety of honey-
comb tuags 1s & mattes of omnton  Eraphy<ema normatly denses from sustnned
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HONEYOOMB LUNGS

FiQ 86 —(a) Hand
Schuller Christian §
disease ina babyaged
9 months  The skull
and spine were also
affected  The wide
upper mediastinal
shadow represents
an enfarged thymus
gland confirmed at
autopsy There was
considerable second

ary infection of the
lungs at the time of
the radiograph (%)
section of [ung show

ng the cystic spaces

[}

from passing through a phase of p horaces, have d un
changed radiologically , m s case severe diabetes insipidus has recently developed
(Fig 87) Another man (se¢ Fig 88) 1n hus fifttes, had a pathological fracture of
fis fernur as a result of an eostnophilic granuloma 10 years ago, he has had drabetes
msipidus for § years and his honeycomb lungs have been radiologically unchanged
for 4 years , 1 recent months progressive pituttary failure has developed  The
combination of honeycomb lungs and diabetes msiprdus (see Fig 89) of which
there are some half dozen examples 1n the literature, 15 almost certatn evidence
of a former xanthomatosis

The radiological changes 1n nfancy consist 1n a mixture of rather i1t defined cysts,
reticulation, and signs of pulmonary congestion and broncho pneumonia , the
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HONEYCOMB LUNGS

Fio 8% —(a) Coarse
motthng of the lungs
with a honeycomb
appearance towards
the bases, 1 a man
aged 57 years who
also has an cosino-
philic granuvloma of
his femur and diabetes
tnspidus Radio
1herapy 10 the Jungs
caused an increase
1n breathlessaess
Radiographs of his
chest have remamed
unchanged over 6
years, but he now
sutfers from pro-
gressive pituniary
Tailure , (8) Higher
magufication






HONEYCOMB LUNGS

Fi6 90 —ta) Dffuse
€ystc granuloma with
right spantaneaus
pneumothorax i a
man aged 20 years He
dhed from night heast
Tatlure 10 years Jater
autopsy revealing gross
granuiomaious  nva
sion of the lungs with
many cysts  (b)h gher
magnification
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Fic 93 ~Diffyse Cystic Branulom,
na Drtary dy gy st 8 Broncho.

™ Shawing that the 1odizeq
©H docs gy Cnter the cygrg

Right heare failure 4 the usya; Cause of death yp, this aimeg, Uniformly fagay
disease but ¢ Mmay pe delayeq until fate Mddfe age, 4t i due to, Progressiye
dlmmuuon 0 effectiye alveolyy Surface the eng l'requcmly being hastened by a

1

thoroyg Arch shoypg always pe made for extra pulmonary features which
Mught Jeaq £0 the dmgnos:s ofa &energ) disorde havmg honeycomb lungs a5 one of
Us mamfcstanons

Radmlogn:al APPearances

These differ Somewhar 1 each 8roup ang therefore are descrbe Separately
aboye In Seneral the lung fields are umformly Marked bycysxsandr:uculunon
the latter showp Vanationg m densny Tomcgrams are often helpful in
demonstrarmg the cygys On brcnchography todized oy ever engers the cyses
and occasnonally the Smaller bronch, abpear to pe encrrcling them (see Fig 92)
The diagnogs 1S often €asy from 4 single mdwgmph especialfy during 5 Spontan
eous pncumothorak Wwhen the CYStS stang out clearly In the Presence of heary
fature o rcsplralory Infection the Widesprea d:smbut:on Of the cysyg may not be
dcmonstrable there 1 thus q 8roup of Patients 4 whom honcycomb lungs may be
Suspecteq mdmloglcally but ¢ Wwhom e clinieay label <@nnot pe applied wthoys
Pathologiear Proof
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TREATMENT

Dufferential duguusu
The g of diffuse p d
sncludes pneumocomosss, sarcotdoss, chmmc mxlmy mbmuloszs, lymph:mytxs

carcinomatosa, and other sare diseases, innoneof whichhave honeycomb Jungs ever
been found

TREATMENT
Aside from the treatment of such gencml disorders as may be present, the successfnl
i 18 onen a lfe-saving measure
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CHAPTER 16

CARDIO-PULMONARY SCHISTOSOMIASIS
D Evan Beprorp

Synonym  Bilharzial heart disease

PULMONARY schistosomasis wath 1ts cardiac complications may be due to exther
Selustosoma haematobiun or S mansont, and 15 always secondary to urnary
or mtestinal infestation  Pulmonary lestons were found n 33 per cent of 282
cases of schistosomiasts examned  at necropsy at the Kasr-el-Aini Hosputal,
Carro (Shaw and Ghareeb, 1938), and they have also been reported from other
countries where bitharzial infestation 15 prevalent, namely North and South Africa,
South America and the West Indies Our knowledge of cardio pulmonary
schistosomiasis 1s based mainly on the disease as encounteted 1 Egypt, where
Bithasz first discovered the parasite, where #ts pathology has been specially ne
vestigated by Sorour (1932) and by Shaw and Ghareeb (1938), and where its
chinical were first d by Azmy (1932), Manzer (1935) a‘r,|‘d

n Porto Rico

PATHOLOGY
Pulmonary lesions may be caused either by the worms themselves or by the ova,
the latter being by far the more important cause

Invasion by ova

Ova denved from the systeruc or mesentertc veins pass through the right heart
to reach the lungs as emboly, lodging m the arterioles which accompany the
respiratory bronchioles In the case of S kaematobuan, the ova are denved
from the vesical, ureteric, prostatic and uterine venous plexuses and pass i@
the 1nternal tliac vemns to the inferior vena cava , 1n the case of S manson, the
ova are denived from the portal venous system and reach the vena cava wa dilated
porto caval anastomoses due to curhosis of the Jiver (Egyptuan hepato-
splenomegaly)

The ovum, once dwinap y arterole, prod a necrotizing
arteriolihs 1n which the continty of the medta 15 destroyed, allowing the ovum to
penetrate the vessel wall, outside which 15 formed 2 * bitharzial tubercle ™, not
unlike the tubercle of Koch's mnfection In the early stages there 1s a acllular
reaction around the ovum, g of hl | dotheliond cells,
gant cells, and later lymphocytes This cellular reaction subsides, leaving 3
nodular scar contaimng the calefied or disintegrated ovum The da{nﬂ)SC
arteriole 1s occluded by ntimal thick without thrombosts, and the
tissue becomes recanalized Owing to focal destruction of the medta, the newly

216




PATHOLOGY

o ,,,?7}«., TR
s S
. —-:;- :5" . -~ - {—v:
’A. -~ o~ 5w -
S Y 4 o W .
SaFy L e
E * Sapte .. 5’ SRR
44, T RIS T S S
vt ‘,ﬁ';‘;’ P / ;,««7"117 . {\n_
M) 3'{ TR TR WA hﬁ_ '
| A A l‘{a.;j PRy
DAY TR 2 A Py V4 LT
N R & (1 ) B P I 7
TR AR oy S~y 3
3y .4 ;;3 WGu N -t e "/{( i
LR RSP ) Ne o, = i
H r L. ‘:“"" N:f' ."'Jc‘ a7 M 4
{ i R R ~ginte -4
R TR e e - - s
B iy e A "
KPR . K
AR A .
- T 1 B v
[ oeSedly o,y / Y -~ Lj
2 ¢ / .,
Lo W TS L e e

FiG 93 —Sect on showing th ckened pulmanary arter ole w th adjacent nodule
contanng a gant cell filng the shell of a tilharza ovum (From Bedford
Adaravand G g5 1946 by co riesyof B t HeartJ )

In the course of time repetitive embolization leads to widespread arterial
obliteration sufficient to cause pulmonary hypertension with consequent hyper
trophy of the night ventnicle and gross dilatation of the pulmonary artenial tree
Both the main pulmonary stem and ats htlar branches may reach aneurysmat size
and thetr walls become thickened atheromatous calesfied or even thrombosed
Bilharzial tubercles have been found 1n the ventnicular myocardmum 1n a case of
§ japon cum mfection (Strong 1944) and Kenawy has reported focal cellular

nfiltration of the myocardium but ova were not identified

Thus the pulmonary lesion 15 essentially arterial and the ung parenchyma 1s

Dittle affected apart from the penivascular tubercles

A broncho pulmonary form

has been recogmized radiolog cally and evidently occurs m the earher and more
active phase of the disease when cellular reactions around the ova are present
Sorour (1932} has descibed an  endobronchitis obliterans  of the larger and

medium stzed bronch but gross fibrosis of the lungs does not occur
Invasion by worms

the worms th 1 ther the male or coupled male and female—
reach the lungs as embolt where they cause artennl thrombosis and a foeal

the foct of being
Day (1937) has reported finding pulmonary artenies pached with coupled worms

217

n diameter



CARDID-PULMONARY SCHISTY OSOMIASIS

Fig 94 ~ Drawing of section showing occluded pulmonary artenole
watl of e > formation
characrerstic of bitharztad putmonary endartenits  From same cade

as Fig 96 (From Bedford, Aidaras and Girgis, 1946 by cowtesy of
Brr Hearr I™)

When the inflammatory reaction subsides, the dead worm becomes calarfied and
enclosed 10 & fibrous capsule

CLINICAL FEATURES
Incidence
In Bgypt, cardio-pulmonary bitharziasis 13 encountered almost entirely amongst
the agricultural workers mhabiting the Nile Delta, the magonty of whom 3¢
mfested with bilharma  The pulmonary leston 1s commonest 1n males aged 12-35
years, and 1s always associated with exther unnary or intestinal bilharzasts , 1
the latter case hepato-splenomegaly 15 usually present

Pulmonary disease
Before the heart 15 sertously 1nvolved, astt or huti p mav
Jead to radrography of the chest, which shows a.muliary motthng of the tung
fields, not unltke that of miliary tuberculosss or p y d a8
Erfan and s cofleagues (1949)

described by Marnzer {1935 and 1938) and by
The pulmonary mottlng 15 due to dilated artenioles beaded by nodules about
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CLINICAL FEATURES
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CARDIO PULMONARY SCHISTOSOMIASIS

) 3 B 7 b " . 1ged
Lits
' L A 1 athe
' ‘ by
o
Clubbing of the fingers 1s The el shows the pattern

of nght ventricular hypertrophy (Kenawy 1950) Eosinophilia 15 sometimes
found 1n the earlser and active stages of the disease but not usually in the cardiac
phase In Egypt, bitharziasis 1s often assocrated with ankylostomasis 1n which
case anaemia and hihia are i\ g farlure with
regular thythm occurs and proves refractory to treatment

DIAGNOSIS
Broncho-pulmonary disease
In the broncho pulmonary form radiographs show a diffuse miliary appearance
of the lung fields which, 1n association with evidence of urinary or intestinal
bilharziasts or with hepato splenomegaly 1s suggestive (see Fig 95) Ova may
be found 1n the urine or stools, and very rarely in the sputum

Cardrac disease
The cardiag condition with aneurysmal dilatation of the pulmonary artery has
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CHAPTER 17

DISEASES OF THE LUNG
CAUSED BY FLUKES, ROUND-WORMS AND AMOEBAE

Kevner M A Peray
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DISLASES OF THE LUNG CAUSED BY FLURES, ROUND-WORMS AND AMOEBAE

Dye-di (1949) have recarded emgyema developing 2s a result of pleurat effusion
There 15 often an inflammatory reaction 1n the fung when the patient will have alf
the symptoms of bronch Physical will only reveal
scattered riles throughout the lungs, untsl there are the agns of plennsy and
presmoma  Diarrhoea may result from abd 1 1 and Jack
epilepsy, headaches, and hemuplegia from cerebral nvolvement  Sometimes there
18 also enfargement of the lymph glands and ulceration of the skin

Diagnosis

Diagnosts is established by findiag ova in the sputum , by the additron of 0 1 per
cent sulphutic aoid 10 the sputum the procedure 13 rendered more simple  Charcot-
Leyden crystals are often found sn the sputum  There 1s usually a weil marked
costnophiha  The compfement fixation test can be helipful and radiographe
examination wmill show the charactenstie cystic changes scattered throughout the

tungs
The disease cuns a chronte course, with periodic attacks of haemoptysss, but the
ultimate prog! 15 always y owing to the difficulty of elimtnating

he patasites  Where the brawn 15 1nvolved the dsease 15 always {atal

Treatment

Infection can be prevented by not eating crabs tn those parts of the world where
the disease 15 endemic Al the water m these areas should be borled and filtered,
and bathing should be avorded 1n contaminated rivers  Potassium yodide, 20
grams, thiee imes a day 1s said to produce beneficial results and improvement has
ageurred after the mtra-tracheal ingection of Lipiodol  Emeting and tartar emetic
help to relteve the cough and sputum , Prontosi has proved of value in some cases
Howeser a 15-day course of 40 millilitres (equivalent to 340 mulligrams antimony)
per day of Fonadin is probably the most effectsve treatment

ROUND-WORMS INFECTION

Round worms may be divided 1nto the intestinal warms, and the tissne worms
The intestinal worms include Strongylotdes, Ankylostoma, Necator, Ascons and
Oxyuris  In the first three of these nematodes the larvae penetrate the skin from
water or damp earth and find thewr way mto blood vessels, through which they are
carned to the nght side of the heart and thence to the tungs  In the case of. A::harls
and Oxyures the ova are swallow ed in water or food, pass into the tntestines W c!r}e,
the larvae penetrate the bowel wall and migrate to the lungs  From the lungs bo p
groups progress through the trachea, oesophagus and stomach 1o thetr natura

iat 1n the intestine .
halbn their passage through the lungs all these larval worms are capable of blo;:‘k;é\é
the pulmonary arteries and arterioles, and thus causing small pulmnnarytlr; a“m
which may give rise to symptoms  These consist of bouts of fever associate! ot" e
congh, sometimes with haemoptysis, and shortness of breatk Exnnunauonrahud
chest may reveal areas of crepitations  Brandt (1949) had rccazdezli] nthnc o
pulmonary fibrosis which he attnibuted to Oxyuris Slaagrams wii ds osw gphdm
teansient areas of opasity  Blood count 1n alf cases shows 2 marked £osisy
(Loffler, Esselher, and Macedo, 1948)
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ROUND WORMS INFECTION

includes the 1 of proper the wearing of
bools and the treatment of carriers  The three speuﬁc drugs are tetrachlorethylene,
carbon tetrachloride, and oif of chenopodium  Teteachlorethylene or carbon
tetrachloride, 3 4 miltilitres, and 1 mulihitre of o1l of chenopodium followed by a
saline purgative 1s the best routine treatment  Three doses of santonin, 3 grains
may be given on alternate days 1n the treatment of infection by Ascarts, and
this condition hexylresoreinol, 1 grain, may be used ~ Genttan violet with an adult
dose of 1 grain 1n an enterie coated capsule thrice daily for & days 15 the best treat
ment for Oxiuris and Strongy loudes infestation

Filaria bancrofit 1s the most important of the tissue round worms It 1s common
1n Indsa, the West Indies, Porto Rico, Southern China and the Pacific Istands  The
ntermediate host 1s the mosquito, which sucks the embryos out of the blood at
mght Development in the mosqutto then takes from 10 to 40 days and the mature
embryos are then moculated 1nto man through the proboscis

Most of the literature of the disease 1s concerned with elephantiasis, a complic-
auon of filartasis observed m natives after prolonged exposure  The acute and
early stages of the discase 1n \\hlte man were reviewed by Coggeshall (1946) and
consist manly of and and
are accompanied by aches and pams in the major lymphatic areas  Jaffe (1945)
found that the lung was 1n rare instances, involved with the skiagrams showng a
patchy type of consolidation with clearing 1n one part of the lung and development
of patches of infiltration 1n other areas

Hetrazan (1 diethyl-carbamyl-4 methylpiperazine hydrochlonde) piven by mouth
n dosage of 1-2 miligrams pcr kito of bodyweight (hnce datly for a period of 2-4
weehs 15 the best Y such as b and
Fouadrn have also been used  Prophy includes of and
the use of mosquito nets

THORACIC AMOEBIASIS

Amoebiasis 1s a discase widely distnbuted throughout the tropies  Endamocha
lustoly tica gams entrance Lo the body in ats eystic form through the mouth 1n food
or water  The cysts pass through the stomach, their walls are then digested by the
ntestinal juices, the amocbae escape and 1nvade the colonic mucosa giving rise to
the classical intestinal amoebrasts  They may then pass through the portal vein
to the hiver causing either a diffuse hepatitis or a liver abscess  Mostly thoracic
amocbiasis 15 secondary to these conditians but solitary abscesses within thelung
substance and not adjacent to the night dixphragm have been desenbed by Dormer
and Friedlander (1941) Manson Bahr (1923) and Zaky (1943)  The abscesses must
be embolic 1n ongin and it 1s most probable that the amoebe reached the pulmon
ary arculation by going through the hiemorrhoidal veins mto the inferior vena
cava, or by anastomotic channels between the venules of the portal and vena caval
systems within the ver  Derrich (1949) reported a fatal case of amoebiasis with
tung involiement caused by Jodamocha busschli that occurred 1n 2 Japanese
prisoner of warcamp  There are no other pathogenic amoebae

Pulmonary diseasein relation to the right diaphragm ss probably much commoner
than 1s generally recogmzed.  The nature and extent of the disease depending on
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Fio 97 — (a
Amoebic hepatitis
showing humping
of d aphragm and
exaggeration  of
basal  marking
(&) showmng the
humping of the
diaphragm
this patient it 1s
posterior
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THORACIC AMOEBIASIS

that 1n the hver These thoracic complications nearly always occur as a direct
extension of the abscess or hepatitis through the diaphragm into the pleural cavity,
or 1nto the lung through adhesions that have resulted from the iflammatory pro-
cess  Abscesses may form in the lung, or the disease may in fact be the drainage of
an hepatic abscess through the bronchus

Tn at least half the cases of thoracic amoebiasss there will be no history of previous
dysentery, though the patient may have had an unexplained fever with pain over the
liver from amoebic hepatiuis  The most usual intial symptoms of the thoracie
disease 1s pain 1n the lower night chest and in the night shoulder  Cough comes
next, at first, unproductive, but later giving mse to haemoptysts and the classical
“ anchovy paste ™ sputum  There will always be fever, sometimes nigors together
with anorexsa, fatigue, malaise and often extreme loss of weight

Besides this usual of thoracic Tesser pul con-
ditions may result as sympathetic reaction to the liver discase as 15 stressed by
Bookless (1950)  These include restricted movement of the right dome diaphragm,
serous pkum\ effusion on the nght slde, of basal fibnnous pleunsy with a pleural
rub, nght basal p and even nght lower lobar
pheumona

Empyema 1s a sertous and frequent comphication, as may be expected 1n an
1nfection which crosses the diaphragm to reach the lung  Oschner and DeBakey
(1943) have recorded a mortality rate of 78 per cent of cases reported in the liter-
ature with this complication, as against 40 per cent with a lung abscess

The x ray appearance of the chest 1n thoracic amoebuasts 16 characterstie (Fig
97) There 1s a hump hike localized elevation of the diaphragm, which 15 best
seen in the lateral picture - Radiating up from this to the hilum will be exaggerated
markings made by the track of the mfection If a pulmonary abscess develops
there will be the usual appearance of an abscess, and similarly with pleural effusion
or the picture ch of these will appeat
Treatment

Emetine 15 a speaific drug for the treatment of thoracic amocbiasis  As soon as
the diagnosis 1s made a course of emetine hydrochloride, 1 grain, given intramus
cularly duly for 10-12 days, should be instituted  Oschner and DeBakey (1943)
showed that among 153 patients with this discase who were not treated with
emetine 56 6 per cent died, whereas where emetine was used the mortahty rate
dropped to 1 9 per cent, while in their own personal series the mortality rate of those
who did not have emetine was 60 per cent, whereas there were no deaths in those
who were treated with ths drug

Tlsden Dew, Armstrong and Wilmot (1952) hwe shown that aurcomyemn and
terramycin are effectine 1n the treatment of acute amochic dysentery, though
relapse 15 not unusual and a state of symptomless cyst passng 1s apt to develop
It 1s probable that the main action of these drugs 15 on orgamisms other than
amocbae but there 1s evidence that 12 vitro they do have some direct ant1 amoebic
effect  There 15 therefore strong reasons for using these 1wo drugs i conjunction
with the established amoebierdes

Surpical intersention, as s pornted ovt by Shaw (1949) 15 necded only when
secondary infection has occurred, when there is an empyema which cannat be cured
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DISEASES OF THE LUNG CAUSED BY FLUKES, ROUND-WORMS AND AMOEBAE

by repeated aspirations, when a persistent abnormal channe] between the bile dugt
system and bronchi perststs, or when fibrosts of the pulmanary tissue continues to
produce symptoms as a result of the abscess The operations which will most
frequently be required are, dramnage of empyema or ltver abscess 1n the latter case
the mortality will be greatiy reduced by using the extra-serous route, or lobectomy
or thoractomy when there 1s damage to the lung
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CHAPTER I8

HYDATID DISEASE OF THE LUNG
GroerREY FLAVELL

AETIOLOGY

THE DERNITINE host of Taema echinococcus 15 the dog, 1 whose intestine the
worm of 0§ centimetre length lives , the intermediate hosts are sheep, pigs or
men, . whom 1t undergoes 1ts larval and encysted forms  Dogs become infested
by eating sheep's offal, and man by direct contact with dogs or from eating
lettuce ard other produce contaminated by their faeces  In Argentina, Australia,
New Zealand, the Middle East, Iceland, and some parts of Wales the disease s
common, ¢lsewhere 1t1s rare  The liver 1s the favoured site of cysts, accounting
for 75 per cent of the cases, but, according to experienced Australian surgeons, up
to 25 per cent are found in the lung

After the ova have been discharged from the gravid terpunal segment of a worm,
and have lound therr way into the human stomach, gastric juices digest their outer
capsule freeing an embryo, or hexacanth, from its s1x thorns, which mugrates
through the stomach wall, enters the portat vein, and so reaches the liver  Should
1t pass this filter 1t finds itself in the 1nferior vena cava, and so passes va the nght
heart into the lung, where 1t lodges, and enters a larvated stage  The embnyo
vacuolates and forms a small vesicle composed of two walls  an mner nucleated
germiml layer and an outer non-nucleated laminated layer  This now expands into
a cyst which is small at first, but, »f 1t 15 not disturbed, becomes progressively larger
untll 1t may reach a considerable size  From the gerrmnal layer bud off
groups of cells that in turn vacuolate to form proliferative ** brood capsules ™ piving
tise to scolices, the heads and source of new worms  Most of these become
detached, and sink through the hydatid flurd, forming * hydatid sand ** upon the
floot of the cyst , while outside the tarminated layer the lung reacts to its presence
by condensing an adventttious layer of fibrous tissue about 1t, but easily separated
from t, as1s the shia from a banana

CLINICAL PICTURE AND DIAGNOSIS

The fute of the cyst, and the symptoms of the patient, now depend upon the
complications which may anse  Duning the period of growth the cyst gives no
D iman P amawe Lo B

fixation test 1s now seldom used  As the eyst increases in size pan may occur.

together with pressure symptoms, and there may be anaphy);
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DISEASES OF THE LUNG CAUSED BY FLUKES, ROUND WORMS AND AMOEBAE

by repeated asptrations, when a persistent abnormal channel between the bile duct
system and bronchi persists or when fibrosis of the pulmonary tissue conttnues to
produce symptoms as a result of the abscess The operations which will most
frequently be requered are dratnage of empyema or liver abscess 1n the latter case
the mortahity will be greatly reduced by using the extra serous route, or lobectomy
or thoractomy when there 1s damage to the lung
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CHAPTER 18

HYDATID DISEASE OF THE LUNG
GEOFFREY FLAVELL

AETIOLOGY

THE DERNITIVE host of Taema eclunococcus 1s the dog, 1n whose itestine the
worm of 05 centimetre length hives , the intermediate hosts are sheep, pigs or
men, (n whomt st undergoes its larval and encysted forms  Dogs become infested
by eating sheep's offal, and man by direct contact with dogs or from eating
lertuce ard other produce contaminated by their faeces  In Argentina, Australia,
New Zealand, the Middle East, Icefand, and some parts of Wales the disease 15
common , elsewhere 1t ts rare  The liver 15 the favoured site of cysts, accounting
for 75 pet cent of the cases but, according to experienced Avstrahian surgeons, up
to 25 per cent are found 1n the lung

After the ova have been discharged from the gravid terminal segment of a worm,
and have found thewr way mito the human stomach, gastnie yuices digest their outer
capsule freeing an embryo, or hexacanth, from 1ts six thorns, which migrates
through the stomach wall, enters the portal vein, and so reaches the iver  Should
1t pass this filter 1t finds itself 1n the inferior vena cava, and so passes va the right
heart mto the lung, where 1t lodges, and enters a farvated stage The embryo
vacuolates and forms a small vesicle composed of two walls  an inner nucleated
germinal fayer and an outer non nucleated laminated layer  This now expandsinto

nse to scolices, the heads and source of new worms Most of these become
detached, and sink through the hydatid flmd, forming ** hydatd sand ** upon the
floor of the cyst, while outstde the laminated fayer the fung reacts to 1ts presence
by condensing an adventitious layer of fibrous tissue about 1t, but easily separated
from it, as 15 the skin from a banana

CLINICAL PICTURE AND DIAGNOSIS

The fate of the cyst, and the symptoms of the patient, now deperd upon the
complications which may anse  During the peniod of growth the cyst gies no

at thus stage 1s by the intra-dermal Casonu reaction, which 1s not always relable, or
the ewstence of an eosinophilia of 4 per cent or mote  The Wemberg complement
fixation test 1s now seldom used  As the cyst increases in size pamn may occur,
ogether with pressure and there may be anaphy with
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DISEASES OF THE LUNG CAUSED BY FLUKES, ROUND-WORMS AND AVMOEBAE

by repeated aspirations, when a persistent abnormal channel between the bile duct
system and broncht persists, or when fibrosis of the pulmonary tissue continues to
producc symptoms as a rcsull of the abscess The operations which will most
freq be dare, d of or Inver abscess 1 the latter case
the mortality will be greatly reduced by usmg the extra-serous route, or lobectomy
or thoractomy when there ys damage to the lung
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CHAPTER 18

HYDATID DISEASE OF THE LUNG
GEOFTREY FLAVELL

AETIOLOGY

THE DEFINITIVE host of Taema echinococcus 1s the dog, m whose ntestine the
worm of 0 5 centimetre length lives, the mtermediate hosts are sheep, pigs or
men 1n whom 1t undergoes 1ts larval and encysted forms  Dogs become infested
by eating sheep’s offal, and man by direct contact with dogs or from eating
lettuce and other produce contaminated by thetr faecces  In Argentina, Australa,
New Zealand, the Middle East, Iceland, and some parts of Wales the disease ts
common , elsewhere 1t 1s rare  The hver 1s the favoured site of cysts, accounting
for 75 per cent of the cases, but, according to expertenced Australian surgeons, up
to 25 per cent are found 1n the lung

After the ova have been discharged from the gravid terminal segment of a worm,
and have found their way into the human stomach, gastric juices digest their outer
capsule freeing an embryo, or hexacanth, from s six thorns, which migrates
through the stomach wall, enters the portal vein, and so reaches the ltver  Should
1t pass ths filter 1t finds stself in the infenor vena cava, and so passes wa the right
heart 1nto the lung, where 1t lodges, and enters a larvated stage The embryo
vacuolates and forms a smal! vesicle composed of two walls  an mner nucleated
germenal layer and an outer non-nucleated laminated layer This now expands mto
a cyst which 1s small at first, but, if 1t 15 not disturbed, becomes progressively larger
untit 1t may reach a considerable size From the germunal layer bud off
groups of cells that tn turn vacuolate to form proliferative  brood capsules” giving
nse to scohces, the heads and source of new worms  Most of these become
detached, and sink through the hydatid flwid, forming “ hydatid sand ™ upon the
floor of the cyst , while outside the laminated layer the lung reacts to its presence
by condensing an adventitious Jayer of fibrous tissue about 1t, but eastly separated
from it, as 15 the skin from a banana

CLINICAL PICTURE AND DIAGNOQSIS

The fate of the cyst, and the symptoms of the pattent, now depend upon the
complications which may anse  During the period of growth the cyst gives no
Sa. e I B

fixation test 1s now seldom wsed  As the cyst mereases i size pain may occur,
together with pressure symptoms, and occasionally there may be anaphylaxs with
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NYDATID DISEASE OF THE LUNG

Fig 93 —(a and B)
Large hydatd eyst
situated 1 lower lobe
of left lung tn a young
soldier who  had
served for a short
time 1 Greece where
he hadkepta perdog
A Casont test before
opeeation was fegts
tive, and from 1ts
postion and appear-
ance the x ray opacity
was thaught to be
caused by 3 neuro-
fibroma " Successful
removal atoperation,
with no recurrence







MYDATID DISLASE O THL LUNG

D et

Fio 99 —{a) Large
hydatsd cyst 1 feft
lower lobe of a school
boyevacuated to Wales
during World Wae 1l
While awaiting  ad
mission (o hospital he
playe game o
football and the cyst
ruptared o the
plevraf cavity produc
mg a hydropricumo

thorax , (b} thick cyst

wall can now be seen

Moderate anaphylans

developed At opera

tion the cyst was faund

o to be heavily infected
A0 and a bronchual fistula
- was also present, {c}

Teft Jower lobectomy

with complete reex
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TREATMENT

by routine hy), the of an artificial
, and even are drcated since alt may favour
rupture with dissemination  After careful radiographic localization the chest
15 opened where access to the cyst can best be obtained  Pleural adhesions cannot
be relied upon securely 10 1solate the rest of the pleural cavity, nor does 1t secem
profitable to try and secure ad by packing the ¢ space or sewing
visceral 10 panieta) pleurae, and removing the cyst at a later stage  The pleural
space 1s carefully packed off, some surgeons ¢mploying black towels the beter to
detect contanunation, and the eyst fluid 1s partially and slowly aspirated winh a
fine-gauge needle attached to a two-way syringe A small icision is then made
down to the pericyst and the ghstening white hydatid 1s removed from it complete,
meticulous care being taken to avord rupture or the spilling of any of the contents
The nterior of the pericyst 1s then inspected, bleeding points are secured, and
any fistula that may exist closed  The watls of the pericyst 1iself may be approxt-
mated, though 1t usually soon obliterates  Multiple cysts are dealt with ssmularly
Should serous bleeding oceur, as n sometimes does, or 1f a cyst be very large, or
oy 15 When the cyst has
already ruplured and 15 1nfected, Jobectomy may likewise be necessary , however,
every effort should be made to conserve the lung, and if local removal of the
cyst can be achieved without further contarmination it 1s to be preferred, both
pericyst and pleura being dramed
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HYDATID DISEASE OF THE LUNG

Barrett (1949} has panted out that hydatd cysts of the Jung show a aatural
tendency to hermate from the Iung as they increase in size, and has recently
devised a techaique of removal which profits by ths, and delivers the cyst ntact
avording even preliminary aspiration which with the finest needle may sometimes
Jead fo 3 1ear of the laminated membrane  With patient’s head lowered, so that
if rupture occurs into a bronchus natutal dranage tahes place, and with closed
arcuit anaesthesta, the chestis widely opened and the cyst identified A mactatosh
bag, with strngs round 1ts neck and its bottom open, 15 then placed over the
affected lobe and the stnings drawn just tightly enough about the hlum not to
obstruct the crreulation  The open end 15 brought out of the wound and spread
on the surface so that the part 1s completely 1solated within ats bag  The adventitia
15 then incised until the blush-white Jaminated membrane 1s just exposed at one
port, and freed geatly fot about aninch  The anaesthetist now softly mereases the
pressure in his circut, and hittle by ittle over a period of 10-30 mimutes, the adven
titw cracks along the line of the meiston and the cyst gently extrudes, to fall at fast
stact mto the protecting bag

Many hydand cysts of the heart have been described, and are sud to oceur 12
some 2 per cent of o] Ty diologueally, they
are associated at times with paroxysmal tachycardsa, and often termipate fatally
by rupture which may result m emboksm from the liberated daughter cysts
dAbreu (1950) has desceibed his successfut removal of such a cyst from the wall
of the left ventnicle employing the usual with prell Y asp
for hydatids of the lung  and 1t seems probable that s lead will be followed by
inereasing numbers of direct attacks upon this hitherto nviolate refuge of the

parasttes
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SYPHILIS OF THE LUNG

Fic 101 —(a) Female
aged 35 years with
sweling over manu
brium and rales at left
base Wassermann
reacuon positive (4}
3 months fater after
1reatment with potas
swm odide 23 gramns,
3 times a day and
intramuscular | wec
tions of tistuth
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CHAPTER 20

PULMONARY EMBOLISM
W D W Brooks

AETIOLOGY AND INCIDENCE

Priaavary embolism s 00t & new disease but wn recent yanes <t -
become increasingly aware tha .

for a variety of reasons hew

and treatment [t may be defn

tion as a result of abnormat su . .

Many different kinds of emvon may thus reach the Jung  For example, ar
may enter the jugular vein when the throat s et and ca ca =k oo o .
cureatation i the heatt and pulmonaty ¢ .

n the blood and so pulmonary emboli

t when rapd decomp
rapidly to the swface  The larval stage ot some parasies may cause puimonaty
embolism, for instance, in ankylostomasis  Bony fracture or penetrating wounds
volving fatty tissues, or the use of mueral ol as a lubricant when passing 2
catheter may admit large amounts of fat or od to the circulation And <o enice

) N . .

it

amhal

waionts idy delive lromanlected thrombi in cases of septic abortion, osteomyshitss,
and i the course of pyaermia or septicaerua, while perhaps the commonest
bactersal embolism may occur 1n the early months following primasy tuberculous
imfection  Many of these emboh may give nise to specific effects within the
lungs dependent upon their nawre, and muhary tubercufosts, multiple staphyl~
ocgecat tung abscesses or metastatie carcinomas Hlustrate thew varnety These

features are dealt with elsewhere | , thair 1» smalt m comp:
with the form of pul bofism which arises as a result of the

detachment of a clot or clots from a preformed venous or cardiac thrombosis
We ate concerned here with this last and most frequent form ; the specut fypes
mentioned above will be considered auly 10 so far as they cantribute to the chancat
features common 1o all forms of pulmonary embolism

Te o wmenil

w4t 1s wittun the hour, for at least 60 per cent of patients with fatal emboh survive
longer, some for severat days  Chnwally diagnosed putmonary embolisat oceurs
w perhaps 1 per cent of all hospital patients, while certainly many morclcaits
are undiagnosed or are thought to be mstances of preumaniz, massive €0 lapse
of the lung, or other disorder
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PULMONARY EMBOLISY

Fig 101 —
Muluple sar
comatous
emboli—nrt
mary jn tibia
—with small
bitateral
effosions

following apparently minor embolt  Aur, fat, or ol may cause either simple
bol f or acute cor pul le, and death, while recurrent embolism
embolt lly gives nise to relatively slowly
e course of which the sequelae of
P Y P ctn develop (Fig 102} Fimally,
1t must be remembered that minor and many major consequences of pulmonary
bol may be p h b occurring 1n the pulmonary artenal
tree 1tself, and that this 1s esp=cially Liable to occur when the pulmonary circula-
tion 18 obstructed 1 heart falure or mutral stenosts There 15 some evidence
that digitalis 15 a d; factor to thromb i pul Y
and systemic vessels

especiilly with
developing night ventricular fadure during th

SYMPTOMS AND SIGNS

Pulmonary embolism commonly occurs without symptoms or signs of any
kind, and 1t 15 equally true that other features of the case when heart failure 1
present for example, may so obscure the clinical picture as to make diagnoss

almast ympossible  Quute often restlessness, fear, or vague uneasiness may be
+ =+ ¢t oht 1ncrease

te will be
1s referable
n the legs,
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SYMPTOMS AND SIGNS

but 1t 15 uncommon to find the classical signs there of thrombophlebitis because
when oedema, pain, a tender hard vein, aad local discoloration are present the
thrombus 1s firmly adherent  The really dangerous phlebothrombosis 1s relatively
silent but may cause shight swelling ohhe Tower leg, and since 1t 1§ usually s]tuated
tn the deep vewns the more sup are often d d Local
carefully sought, may be found in the sole of the foot near the external malleolus,
or m the calf, and dosiflexion of the foot may cause pam 1n the same site The
temperature of the affected leg may be raised

Vanable local features may be with put boll For
example, many cases conﬁdemly dxagnoscd as massive collupse or broncho-

(d are really examples of embolism

The signs and symptoms in such cases may closely resemble those of the disorders
they mumi¢

However, while pulmonary embolism with or without tnfarctron often has ne
characteristic chmical features within the chest, 1t 1s also true that quute clearly
recogmzable symptoms and signs may be produced there (Fig 103) An abrupt
onset with pleuniic pain, cough haemoptysis often lasting for some days,
and cyanosis and dyspnoca may occur  These may be assocrated with a pleural
Tub, s1gns of d: local sounds, fever, tachycardia,
and later transtent haemolytic jaundice It 15 not uncommon, when nfarction
of the lung has resulted, for an appreutable blood-stained pleural effusion to
develop and to mask other signs  Since embolism 1s often multiple the signs
frequently mvolve both lungs, moreover, successive episodes may take place
- o PPN P

and arr entry, and an impatred p note  Cx h; 18
assoctated, but 1t 1s unusual, save with infected emboli, for bronchiectasts
to develop  Only large 1nfarcts are likely to leave behind recogmzablc permanent
signs such as these, and the patient thus damaged 1s hkely to be easily dyspnoerc
thereafter

The ch: and feature of 34 of a consider-
able order of de 1s its striking onset  Scarcely less significant
1s the association of symptoms and signs of shock, namely faintness, pallor,
sweating a low blood pressure, vomiting, and tachycardia with those mentioned
above marking the arrival of the embolus within the pultmonary artenial tree

When massive embohism occurs death may come swiftly by shock, virtual
cessation of the crrculation and asphyxia  With rather more protracted survival,
and if more than about 60 per cent of the circulation 1s obstructed the syndrome
known today as acute ¢or pulmonale may develop As the embohsm oceurs

the patent jc ca 724w th o conce of rpemace o = ks H [

sast o b - P . * ‘ B

and * L

As 2 rule there are no abnormal signs to b: hz:u'd ovec the lungs (F:g 104)

The cardiac signs are those of rapudly d ping dilatat nght ventnclar

fatlure, and may include marked pulsation n the second and thied nterspaces
241



PULMONARY EMBOLISM

i 103 — Recent
large nfarct night
Tower lobe with an
associated  pleural
effusion and slight
mediastinal shit to
the
occurred on  the
tenth  post-opera
tive day afer partal
gastrectomy

Fio 104 —
Multiplepol
monary em
bolt pro
ducing small
mfarcts with
acute pul
monaryhy
pertension
and right
ventricular
strain
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SYMPTOMS AND SIGNS

to the left of the sternum, protodiastolic gallop rhythm best heard in the
same site, accentuation of the pulmoni¢ second sound, a pericardial rub i this
same area, and venous distenston in the neck, and of the iver  The blood pressure
falls markedly ~The electrocardiogram is helpful 1n the difficult distinction from
coronary tnfarction 1 a minority of cases  When this 15 so the main character-
1sties it acute cor pulmonale are —
(1) A promment S 1n jead 13
(2) T 15 low or jnverted in lead n,
{3) In lead m 3 Q wave develops of 1s increased, and the § T segment may
be clevated, T 1s deeply mverted
(4) In lead w (R or F) T ss flat or imerted, while T inversion 15 common
mCR1
Radiological appearances
Correlation between radiological findings and the chinical sevenity of the case
18 not marked  Sertous and repeated embolism may for instance occur and the
chest be normal radnolog:cﬂlly Almost any type of parenchymal shadow may
be observed if occurs, the being a px ly situated
icregular area of consolidation with an associated pleural reaction  The classical
wedge-shaped area extending out from the hilum 1s rarely seen Elevation
of the diaphragm on the affected side, pleural effusion, and atelectasis often
comphcate embolism, while linear and more extensive scarrng may remain
permanently when the patient recovers

DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS

Pulmonary embolism should be d when the ¢ chimeal
conditions exist if otherwise unexplaned fever, dyspnoea, and tachycardia develop
Ewvidence of phlebothrombosts will ncrease the probability of the dagnosis
When an abrupt worsemng of the patient’s condition occurs accompanied by
signs and symptoms referable to the chest of the type mentioned diagnosss 1s as
a rule easy, partrcularly if shock 15 associated  In these cases radiology 15 often
helpful  Massive collapse of the lung also occurs abruptly but usually has
charactenistic phystcal signs, 1n uncompheated cases does not quickly gne nise to
haemoptysss, tends to follow sooner after operation, and the raciological findings
are frequently diagnostic  Broncho-prieumonia ts of much slower development,
the sputum 15 purulent, the signs even more often bilateral  Coronary thrombosis
may closety resemble acute cor pulmonale, but the pain 1s commonly more severe,
pulmonary congestion and orthopnoea are often present, restlessness greater,
and the electrocardiogram as a rule abnormal and different from that set forth
above

TREATMENT
The prevention of thrombosis m the verns of the legs and pelvis 1s important
Many surgical and perhaps most medical pattents could with zdvantage have the
circulation in these areas improved by repeated breathing exercises in comjunction
with massage and leg exercises, and so decrease the rnisk of thrombosis In
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PULMONARY EMBOLISM

bospstal many patients are unnecessarily inmobdized 1 bed The provision

of a dining half and recreation room would do much to reduce this and mcidentally

the preval of pull 'y emboli Finally, the proper treatment or preven

tion of anaema, dehydratton, and haemoconcentration are also sigmficant

prophylactic measures
hlebotk

p 15 strongly d or known to be present anticoagulant
therapy 1s deswrable  Hepanin s given at 4 hourly intervals n 50-milligram
doses undiluted 1nt; y I ly, oralad f d ol
15 started using 300 milhigrams on the first, and 200 mulligrams on the second day
The blood prothrombin levels must be determined on alternative days, and the
dosage of dicoumarol 15 adjusted on subsequent days to keep this level between
36 and 60 per cent of normal  Hepann 1s discontinued after 2 days, but, 11t 15
essential, the di ! may be d for 1 or more months The drug
should not be discontinued abruptly, but should be reduced slowly over the penod
of a week Breathing exercises at thus stage are Contra indicated Tromexan
may be used as an alternauve to dicoumarol  Its action 15 quicker, and 1t 15 less
dangerous  However, great vanability 15 shown by different patients, and by the
same patient from time to tme, to 1ts acuon Marked drug resistance 1s quite
commonly a most irntating disadvantage
A loading dose of 1,200 milligrams, 1 an urgent case accompanied by 100
milligrams of heparin given 1travenously, 1s followed next day by 900 milligrams,
and thereafter 300 milligrams daily are given by mouth, provided estimates show
that this dosage 1s adequate to give fise to and matam a prothrombin hme
between 10-30 per cent of the normal
Anticoagulant therapy may also of course be used after embolism has occurred,
with the object of preventing further formation of thrombus and so dimmshing
the nisk of recurrent embolism which may well be much more severe  Contra-
indications to the use of this treatment mclude severe hidney and lver disease,
blood dyscrasias, recent operation on the bram and spinal cord, gh fever,
and bactenial endocarditis
The method of treatment 15 not without danger and, since fatal haemorchage
may occur, the above mentioned method of control 15 essential Even 50 1t 38

€ the
that 1f any spontaneons haemorrhage however shight occurs, or A
. 4 o? backache d 1 ad should be stopped

1
patient - L1, Losmnaechaoe (0T

N
Surgical measures have been devised to prevent emboll reatiuiiy v v -
They %nclude proximal ven ligation, for example the femoral vein 1f the calf Felx;,\:
are the site of phiebothrombosis, or if both legs are wvolied hgation o
nferior vena cava  These methods are often combined with an\moaguhmltt&c::pze
While the proper limutations of this method of treatment are not yttdsctt]e an:ry
exists 3 measure of agreement that 1t 15 of value (1) after uncvpect:h pu ";ﬂcbo
embolism, for which good evidence of the source exists, (Z)rw :nmx: ot
thromboss develops and the patient 1s hikely to be mmobthized for so

cause, and (3) to prevent spread of the clotting process
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CHAPTER 21

BLAST INJURIES OF THE LUNG
Kennets M A Perey

AETIOLOGY
ZucnERMAN (1940) showed that i anumals exposed to blast, haemorrhages occurrec
mn the lungs  These could consst im {1} a few small haemorthages on the surface
(2) patchy hacmorrhages scattered throughout the lungs or (3) complete hepitiza
tion of the lungs by haemorchages  He thought that the lesions were produced by
the wave of posttnve pressure wcting directly on the chest wall, and this theoty 15
generally eeepted

CLINICAL FEATURES

Cenditron mmediately sfter exposure

The pattent 1s frequently unconscrous for a short tme at the time of the mury ,
when he comes round he ts usually quiet and cilm, 1 contrast with the anxiety
of patients who have Inrge htemorrhiges  The most strihing symptom ss short
ness of breath, which may Ist for several days after the mpury  Breathing is
sometimes painful, and the pattent ustally complawns of a feeling of tightness 1n the
chest Apart from pun on breathing, the pahents sometines compla of
retrosternal pun, of pun i the wtercostal muscles  These may remain tendes for
a week or more Most pattents develop a cough and expectorate frothy (usvally
tlood stawned) sputum for several hours after the imury  After this the cough
often becomes dry  The patients sometimes complain of epsstaxis and deafness

Cond:ittor on exarmnation in hosprtal

Temperature, pulse and respiratory rates are usually normal by the ime that the
patrent ts admutted to hospital  In the chest, dullness, dimmshed breath sounds
and decreased frenutus are vsually present  Generalzed rhonchy are found 10
most cases and persisi for a few days The radiological appearances are vanable
and there 1s nothing specific about them  They may be umlateral or Bilateral

Sa mtae camaralds fmond tn

the patents usually recoser

TREATMENT
rest being the most imporiant single requtre-
sometimes become 1nfected and peumoma
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may develop This should be treated by y1sindicated
for the muscular pain which 1s so promunent a symptom Breathing exercises
are also of great value
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CHAPTER 22

PULMONARY HAEMOSIDEROSIS
KENnerH M A Prrry

AETIOLOGY

PULMONARY h d 15 described in two . firstly as an idiopathic
disease, and secondly tn congunction with mitral stenosis Tdiopatiue haemoside-
rosis 15 4 rare condstion which occurs mostly wn children under the age of 16 years
Borsos-Nachtnebel (1942) described the only case in the literature in an adult :
the patient was a man aged 38 years  Ceelen (1931) was the first 1o describe the
conditon  Wylhe and his colleagues (1948) collected 17 cases from the hiterature
and descrbed 7 of their own, and further cases have been reported by Waldenstrom
(1948) Nancekievall {1949), King (1949), and Walton and Withams (1951)

IDIOPATHIC PULMONARY HAEMOSIDEROSIS

Clinical picture and diagnosis

Symptoms consist 1o recurrent attacks of fatigue, pallor, cyanos:s and increasing

dysp and paly These P may be of sudden onset There 18

usually a cough, which 15 b and often d with vonmitiag

Haemoptys:s 1s frequently present  There 1s sometimes severe abdormnal par
1

and the patient becomes restless and app Each attack ty fasts
R o v LI L L s amta races,

g

of

t

failure ’resuhmg from a severe disturbance of the pulmonary 'cuc [a(,mnd ,l'ms
1s well shown b . ' amal st chaw
a dffuse, extre .

(see Fag 105) .
more accentuated during an acute attack, when there may be evidence ol a patvat
lobar or lobular collapse The motthng 1s usually much finer than that seen
sn muliary tuberculosis or sarcoidos:s  The speckling 15 alsp smaller than 18 seen
1n oceupational siderosis

Necropsy findings "
At necropsy the mam changes are to be found i the lungs Macroscap;lcac;;
these appear full and firm, of a dark reddish brown colour, with fine haer;mrr “c;gm
vistble on the pleural surfaces  On section the lungs appear sobhd  Enlarge e
of the broncho-pul y and tr: tyal lymphenades 15 conspicy
The night side of the heart 15 usually mereased in size
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PULMONARY HAELMOSIDEROSIS

Microscomcally, the alveolt are filled with haemosidenin-aden phagocyte:
The epitheliat cells of the alyeofar walls also contain baemos:denn,pangogan;
are desyuamated within the alveols, which alse contain red blood celis and
haemosidenn granufes fying free  Haemosidenn granules are also found 1 the
wterstthal Ussues and the lymph nodes  Diffuse pulmonary fibrosts, capitlary
fibrosts and fragmentation of elastic fibres m the alveolar walls, deposits of
haemostdenn from previous haemorrhages and fresh bleeding nto the alveolt
are also somiefimes found

Course snd proghosis
The ¢ause of the condtion 1s obscure  The prognosis (s bad, and there 15 no
treatment which appears to alter the course of the disease

HAEMOSIDEROSIS ASSOCIATED WITH MITRAL STENOSIS

Pathogenesis
It had long been known that the lungs of pauents with mural stenoss show brows
aducation , but 1f was not until 1928 that Rosenhagen drew atlention ta the
densely mottled skiagrams of the chest which are sometumes seen 1 patients with
mutral stenosis  He showed that these were caused by nodvlation and were
microscopieally multiple focal deposits of haemosidertn  Since then the condition
hag been fully described 1n America by Soma Weiss {1942) and Pendergrass, Lame
and Ostrum (1949), and 1n Great Brutan by Lendrum, Scott and Park (1950)
Why the condition occurs in cestain cases of mutral sterosts and not in others 35
not clear  Pendergrass and Leopold (1945) supgest that the deposit might be the
tesult of perwvascular nterstiial haemorrhages, which they belteved to occar at
the acute phase of the rheumatic disease  Other wrders st accept pulmonary
g ag an ad it of the sk k dul: , but
Lendeum, Scott and Park (1950) beheve that the foer of the haemosidenn are
situated tn groups of adyacent aiveolt and that the distribution 15 related to the
walt of the terminal bronchiole, where the capillary anastomoses between broachad
and pulmosary asteries are beheved to he At shis site frequently repested
haemorrhages of mechanieal origm occur  These are associated with haemoptysss
The fercous tmpregnatean of elastic tssue and retculn around the haemosident
causes the breakdown of these structures, with Tesultung fbeoss  Thss obstsucts
the lymphatic withdrawal apd so perpetuates and wtensifies the dangerous con-
centration of intra alveolar haemosidersn, and 1n some of these cases an asseous

mass develops

Necropsy findings
t i Iy the only diff etween the tno vanetes of pulmonary
St au vamt wenn s 3 foal

sopathie

Diagnosis
Skaagrapiue appearances show the chatactenise cardiae shadow of m:;r“:\sl
stenosss  There are fine nodular opactties 1n the fungs, Shch ate ost numel
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1 the mud zones and depsest at the hula  they produce a clouded or marbled
effect  Towards the pertphery and the bases they are fewer 1n number, and the
apices may be clear

Prognosis and treatment

Haemosiderosis does not appear to affect the prognoss of mutral stenosis
‘Treatment should be directed to the treatment of the cardiac fesion, there 1s no
specific treatment for the pulmonary disease
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CHAPTER 23

OCCUPATIONAL LUNG DISEASES
KENNETH M A PERRY

IT Has been known since prehistoric times that dust will produce diseases of the
lung, and conditions of this type were termed pneumonoconiosis (Greek

preumon — lung, koms —dust)  The term has since been incorrectly corrupted
i England to which Iterally means * ar dust™

The term 15 an all inclusive one but 1s usually adapted to refer to dusts which are
either inert, such as iron, or give mse to a fibrosts of the lung 2s do dusts hike
stlica, asbestos, certain other silicates and coal  The dust must be of a particle
size of Jess than 5 x to pass through the smallest bronchtoles and thus reach the
atveolt and so gve nse to pathological lesions Besides these dusts certam
metallic dusts such as manganese, vanadium, cadmuum osmum and berylluum give
nise to etther acute or chronic pull 'y oedema Or p Pollens and
dusts of ™ “ M a as asnallarn  acthma uh ek te decenbed else

where

the con

produce a characteristic asthma which will be referred to below  Organic dusts
ansing from hay, straw, gram, bagasse, and cotton produce a group of diseases
which have been labelled *asthma ™, * bronchitis , ind * preumomua”  These
sametimes resolve leaving little disabilidy but 1n other cases run a protracted course
with fibrosis of the lung and bronchiectasts

PLATINUM ASTHMA

As long ago as 1911 Karasch reported that workers i photographic studios 13
Chicago suffered from arritation of the throat and nasal passages, which cause
violent sneezing and coughing  The bronchal iritation was sufficient to cause
marked shartaess of breath and 2 wheeze It was found that the cause of this
condition was the use of paper chloro platinate, and when
this paper was no longer used the symptoms subsided Refimng of p]au(r_x:x‘:
1nvolves the production of the complex salts of platinum and at 'zast half o he
workers 1 this tndustry suffer from a syndrome sumlar to that produced byr( e
pper  The P are repeated sneezing folfowed by prc} l:;e
runnmg of the nose with watery discharge, This 15 followed by tightness Ds o
chest shortness of breath and a wheeze The symptoms persist as lang(\a o
worker remains mn the factory and for about half an hour after he Tas e Y

n|
then aihade However the patient may wake in the early hours of the most Af .
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OCCUPATIONAL LUNG DISEASES

dust of the complex salts of platinum, 1n a concentration of nucrograms per cubie
metre or more  The disease can be p d by adeq exhaust I

The conditton 15 not caused by spongy or metallic platinum even 1n concentrations
as high as 1,000 milligrams per cubic metre, nor 1s 1t caused by the complex salts
of the allied metals palladium, rhodium and ruthenium

ORGANIC VEGETABLE MATERIALS

There are about 800,000 persons employed 1n agriculture in Great Britars, 2nd it s
therefore one of the largest industries 1 the country  * Farmers' fung” was
first described by Campbell (1932) and Fawcett (1938) 1n the north west areas, and
by Fuller (1947) in Devonshire It has poncipatly occurred in hay makers and
has been called “ bronchutss fenssecrorum * but 1t has been described 1n all harvest
workers In Scandinaver, Tornell (1946) and Zettergren (1950) called ¢ ** threshers’
lung ™ Hoflman (1946) reported the disease in the Canton of Appenzell 1n Switzer
land during the harvest of 1935 There have been instances recorded where the
mfectton has occurred m tea tasters A sumifar disease occurs 1 horses and 15
known as ** broken wind ®  Fawcett ascribes the disease to fungt but though he
clearly establishes the disease as an entity, the mycotte aetiology 1s not by any
means proved There1s ro doubt that ratting vegetable material contains innumer-
able fungr, and if these organisrus are 1n the dust which 1s inhaled they will also
appear i the sputum  They are constantly present u alf the dusts which gove rise to
these condittons, and though they may not be the immediate cause 1t 15 possible
that by producing toxic they y contribute to the aetiology of the
conditton

Patients suffer from gradually increasing shortness of breath, which may get
progressively worse over a period of months  They may develop an acute febnle
respiratory tllness with a cough, scanty frothy sputum, and occasional hacmo
ptysis  Physical signs include patches of dullness and crepitations The blood
sedumentation rate 1s rised  Radiographic appearances mn the earlier stages consist
of a fine reticulation which is followed by a rather soft snowflake mottting, widely
distrtbuted throughout both lungs i

When the disease progresses to the chromic stage the patient will gradually

become more short of breath he will become cyanosed, develop clubbing of hﬁ
fingers, and a cough with purulent sputum X ray examungton at this stage wsd
show an increase m the opactty of the mottltng and an increase of the hilar il:
penhular shadows coalescent areas of fibrosts, marked restnction of the
drapt an le areas of emphy .

The patient eventully becomes emaciated and finatly dies with night stded be.;llrh
fadure  If diagnosts 1s made early the condition responds to lrealgenzmv:s ]
potasstum 1adide, but 1if 1t 15 undiagnosed it progresses and the panent] £CO! e
chronie mvalid with fibroid Jungs  Necropsy shows voluminous ?:f:c oz
emphysema and thickened pleurae with many bands of fibrous ttssue

the lung substance

BAGASSE
d Tt s used for making

tracte:
agasse 1s sugar cane afier the sugar has been exd o
‘B ord for 51tcnor d and thermal insul One gramme of air bor
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BAGASSE N

dust may contain up to 240 fungal spores Amorphous silica forms roughly 1-2
per cent of the bagasse but quartz only 01 per cent with many of the quartz
particles being 20-30z 1 size It 1s therefore impossible that there should be any
nisk of silicosts  An account of the disease was first published by Castleden and
Hamulton Paterson (1943) 1in England, and by Sodeman and Pullen (1943) in
the United States, and 1t has been more fully described by Hunter and Perry
(1946)

“Workers exposed to bagasse dust for a period of 6 weeks or more develop an
acute febrile illness with exueme shortness of breath cough with scanty black
stringy sputum, and b the lungs there 1s
dullness, diminished air entry, and many course crepnanons Skiagrams show
mihary shadowing, which suggests an acute bronchioliis (Fig 106) The acute
tllness carries a mortality rate of 10 per cent but the majority of patients make 2
complete recovery

In some, however, 1t progresses to a chronic stage 1n which the patient becomes
excessively short of breath and develops a cough with much stcky sputum  On
examnation these patients are orthopnoeic, cyanosed, and have clubbing of therr
ﬁngers Thcy have all the physical signs of emphysema with many coarse crepi-

»n shows many areas
Necropsy, however,
marked sub pleural

thickening
During the acute phase of the disease the panents are best treated with the usual
methods used 1n the of ncluding and

pemicillin, and usually there 1s a marked response  The treatment of the chrome
condition 1s symptomatic and foltews the principles of treatment of chrome
bronchitis and emphysema

COTTON (BYSSINOSIS)
Jackson as early as 1818 drew attention to the fact that those who worked 1n the
cotton industry, particulatly card room workers, suffered from a characteristic
respiratory disease, 1t also occurs in those who work with flax  In 1862
Greenhow described the condition 1n a report to the Privy Council, and 1n 1932
the Home Office 1ssued the Report of the Departmental Commuties on Dust 1n
Card Rooms 1n the Cotton Industry  This report collected the existing information
about the conditions in the muils, types of machinery 1n use, and the nature of
cotton dust Tt snctuded an account of the clinical examination and radiotogical
findings 1n a group of workers at Ashton under-Lyne who suffered from the disease,
and described the necropsy findings sn a few cases The disease was named
bysswnosts from the Greek word f10ool meantng “fine linen™ Foreign literature
on the condition 15 scanty, but Zipperlen (1934) mnvestigated patients suffering
from asthma 1n the textile industry of Wurtemberg, and recorded that there were
maey with severe attacks 1n whom strong allergic reactions could be obtained
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COTTON (RYSSINOSIS)

cotton industey  He paid particular attention to the pathogenesis of the disorder
‘but this 1s stll a matter for debate  The protein fraction of card room dust has
been shown to be capable of producing imflammatory lesions i anmals and
normal men  The charactenstic course of the disease s suggestive of an
acquired allergic hypetsensitivity, and there 1s some confirmation of this view
1m the finding of posttive cutaneous reactions to the protens 1n affected persons,
but only rately n unaffected persons, but the pnmanly toxic qualities of the
protesn prevent the conditton fram being regarded as a purely aflerpic one
Other factors that have been suggested as possibly concerned are a substance
b and moulds ke sub smlar to those

found 1n card room dust have however been found in other dusts not causing
similar symptoms  Gill (1947) deseribed the process of carding and the symptoma-
tology of the disease

Cotton 1s obtained chiefly from Egypt, the United States of America, and India,
and 1t arnves at the mull 1 ughtly compressed bales, which also contain much
fosesgn material such as particles of leaf and seed coat, cotton haiss, fragments
of mould, and fine sand  The raw cotton 1s therefore first cleaned, and the tightly
compressed cotton 1s pulted off 1n layers and hand fed into the machine called the
“hopper bale opener ™ 1t then passes mto the blowing room where a sertes of
wmachines, by means of beating actions and currents of compressed air, free 1t
from most of the impunties  All these machines are enclosed 1n dust-proof covers,
the machines, however, have to be cieaned, and this 15 a parucufarly dusty job
for which the workers have to be suttably clothed and wear respirators  The clean
cotton coming out of the blowing-room passes to the carding engnes, and
1t 18 principally the strippers and gninders 1n charge of these engines who suffer
from the disease  Usually each stripper and griader 1s 1n charge of 16 carding
engines , each enpne 1s cleaned four times daily by a vacuum process, and twice
weekly 1t 1s brush stripped  The fatter process 15 necessary since the vacuum
cleaning fmls to clean sufficiently deeply The evidence 15 strong that the
dust hiberated by the carding process in the immediate vieimity of the carding
engine contains the injunous dust which causes byssinosis  The atmosphere 15
progresstvely safer the greater the distance from the carding machimes

The usual history 1 that after working for several years 1n the dusty atmosphere
the man begins to sneeze and develops a dry and irmtating cough with a tight
feeling 1n the chest and restricted intake of breath At first the trouble 1s temporary,
passing off 1n 1-2 days, but it returns after a short absence from work such as a
week-end ¢ has, 1n consequence, been called * Monday morning fever ™, ** mill
fever™ and * factory fever” Disablement and incapacity for work does not
tesult at this stage, and the breathing will become normal on removal from the
dusty atmosphere  After exposure to the dust for 10 or more years, however,
the symptoms become more severe and persistent, and the worker suffers from
asthma and d with shallow cough, and a small
amount of sticky, mucoid phlegm He foses weight and develops a sallow com-
plevon  Absence from work and incapanity increase, although removal from the
dust causes improvement, with capacity to work tn another atmosphere  In the
last stage the emphysema 1s severe  Cough 15 present, with mucord or muco-
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OCCUPATIONAL LUNG DISEASES

purulent expectoration and great shortness of breath In extreme cases the map
may stand with his hands pressed agamnst tus thighs to ad hus breathtng  The
dx{sc;)se 1s mcurable at this stage and many of these workers die before the age
[o}

The physical signs are those of chronic bronchuitis and emphysema, the respua
tion 15 Jaboured, with accessory muscles called more and more nto use  The
thorax becomes typrcally barrel shaped, and the patient tends to sit 1n a chara.
tenstic attitude with the body bent shightly forward the legs widely spaced, and
the hands placed on the knees The wital capacity 1s greatly reduced and the

' ) ( "

suggest considerable fibrosis (Fig 108)

Necropstes have revealed chrontc bronchitts and emphysema but do not show
any specific feature which enables the bronchitis of card reom operatives to be
dstiaguished from that which occurs m the general populatton Dunn and
Shechan (1932) have reported that dilatatton of the right heart was frequent

No specral medrcinal treatment 1s of any value, and timely removal from the
work 1s the only successful method of preventing the disease from progressing
Resprators have been tred but are not satisfactory since the men find them
dufficult to work 1n and therefore do not wear them  Methods of suppression of
dust by exhaust and encl the machmery have been hughly developed
1 the mdustry and the disease 15 thus kept to 2 mmmum It 1s stll however
one of the most important mdustrial diseases at the present time

First Collis (1914) and then Middleton (1926) recorded that cotton weayers
1n Lancashire suffered from an acute bronchitis from handiimg cotton fibre, which
was termed ¢ weavers’ cough®  This was an acute illness with fever, cough and
sputum, and residual symptoms, wiich mught tast up to two months  The mla;{
probable cause of the outbreaks was thought to be the amount of moisture le!
1 the warp, producing an abundant growth of fungs which developed duaﬂsg
storage on the beams and produced, on \veavlr}:gda :n:;] laden w:yth conidia Spose:
and fragments of mycelium which were breathed by the weavers

nIn thcg United Sm);cs of America Neal, Schneiter and Camuita (1942) descnbf
an acute febrile illness with cough, dyspnoea, tightness of the chest ;m: mﬁc
general symptoms occursing among worl)(eis mnakxixg ;‘1‘;:;::;111 (:o;:) | ll\’crsg\?\t e

They thought the condition

Aerobacter cloacae, ot 45

c ' ad mmtinn Uhe mav he so but cotton
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CARCINOMA OF THE LUNG -
described at Jength a disease O
Agricola and 1n the k century 2l "The
luEngs with a I:Lgh mortahty rate in the muners of the Erzgebirge x;\ S»:‘so:oyt untl
condition was known as * Bergkrankheit > (mouatain disease) It v
58




CARCINOMA OF THE LUNG

Fio 108 — Samer
byssmosis w a man
d 50 years

1879 that 1t was 1dentified by Haerting and Hesse as cancer of the lung  These
authors attributed 75 per cent of all deaths of muners to the disease, which usually
developed after a pertod of 20 years’ work m the mmes  Arnstein (1913) dis-
tnguished the tumours as carcmoma, and differentiated them from lympho
sarcoma and endothelioma, as most neoplasms of lung at this time were thought
to be  Since people 10 the district other than mmers were only rarely affected
by this disease, all the early workers attnbuted the condition to the occupation
of mimng  The main ores in Schneeberg are sulphides and arsendes of nickel and
cobalt —* balt ** (CoAs,) “ Wassnicketkies ” (N1As;) and * Rotntckelkies ™
(N1As) — while at Joachimstal on the southern side of the Erzgebirge there 1s a
tugh content of pitchblende and radiem  Rostosks, Saupe, and Schmarl (1926)
showed that the bore dust of these mines contaned up to 045 per cent of arsenic,
while the dust 1n the pits contamed O 1 per cent , but it has not been found possible
to prove that arsemic 15 either the cause or a contnbutory agent - In Southern
Sweden, where Speiskobalt is also mined pulmonary cancer 1s said to be unknown,
and 10 Schneeberg no other signs of arsenic poisoning are reported  Hueck (1939)
has pointed out that multiphcity of tumours which 15 so frequent 1n arsemical
cancer does not occur 1 Sch muners, while of arsenic 1 the
unine, hair, and nails (Rostosks, Saupe and Schmorl, 1926), and n the lings
(Pirchan and Siki, 1932, Zeil, 1935), gne equwvocal restlts  Work in the
Joachimstal area by Loewy (1929) and Sikl (1930) has suggested that the radio-
actwvity of the ores 1s the principal aetiological agent  Peller (1939) showed, from
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Fi6 109 —Man,
aged 52 years
nickel worker
for 23 years
Squamous cell
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rght  upper
fobe

necropstes that 50 per cent of the miners 1n this area died with lung carc noma
while Lange (1935) gave sumifar figures for Schneeberg  Recently Lorenz (1944)
expressed the opmion that the radio activity could not be the sole cause of the
carcinoma  since stmilar doses of x rays or y rays do not produce lung tumours
i ammals  He suggested that both arsenic and radio activity m ght be contrt
butory factors

Amor (1938) reported 10 cases of carcinoma of the lung (Fig 109) and numerous
cases of carcmnoma of the nose and nasopharynx among workers exposed to
arsenical dust for an average penod of 6 years at a nickel works in South Wafes
The ores were from Sudbury 1n Canada and contained 2 per cent of arsen ¢ and

for a period of 25 years had had the copper extracted by the add ton of sulphunc
a Lor oaf . ha¢ han ant ar nd no and calcinad.

pneumonectomy for carcinoma of the lung on 2 of these workers both we;;
squamous cell carcinomas  The arsemic contents of the fungs were 3 82 and i’o 2
parts per million (Ppm) the content of the haw of the men was 22 and
ppm and they were excretiag 41 S and 39 8 mucrograms per 24 houts Jhe
Other evidence suggesting that arsemc produces carcinoma of the lung 1s o
experimental work of Leitch (1922) who has succeeded 1n producing such gm:v\al
1n mice with potassium arsemte  But the most conclusive evidence 1s the sgus’ ic:
work of Bradford Hil and others (1948) which showed that in one town 1n Engian
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where the prinaipal industrsal work 1s the manufacture of arsenical sheep-dip the
mortality rate for carcinoma 1n the chemica} workers handhng arseme 1s double
that m the rest of the population of the town, a statistically significant difference
1t was also shown that the difference 15 made up almost completely by carcinomas
of the skin and broncht

1t 1s posssble that the high content of arsenic dust 1o cigarette fumes may account
for the world-wide increase tn the mortahty rate for carcinoma of the lung 1
males, which has risen six-fold 1n Great Bruain e the past [0 years

Machle and Gregorrus (1948) studied the mortahity data for 7 chromate plants
10 the Unsted States of America employing 1.445 workers  They found 42 deaths
from cancer of the respiratory system among a total of 193 deaths over penods
varymg with the different plants  Of the 193 deaths, 66 were from cancer , thus
the respiratory cancers were 63 6 per cent of all cancers, compared with 8 7 per
cent 1n a controt group of 733 deaths among Metropolitan Life Insurance Company
irdustrial pohcy halders wn the year 1946  OF these, 115 were from cancer, of
which 10 were of the respiratory system  The mortality rate for hung cancers in
the chromate workers over 30 years of age was up to forty tumes that for a com-
parable industrial group In one plant exposure was restricted to bichromates and
chromic aaid, and here there was no cancer of the respiratory system, this
evidence strongly d that the b were the mono-
chromates  Ths also means that nasat irpahion and sepiat perforation may occur
without assoctated high rates for cancer of the lung  The mean duration of expo-
sure was 14 § years  The disease 1s further reviewed by Baetjer (1950)

Wyers (1950) has shown that there is an excessnve morfality from carcinoma
of the luf‘xg in cases of asbestosis  In hus serses of 115 deaths from asbestosss 1!

RN - .

the more stesking because 41 2 per cent of the deaths in his senes were females,
whereas the madence of pnmary cancer of the tung in the general population 1s
44 males to 1 female

Workess with piteh and coal tar dertvatives may also develop squamous cefl
carcinoma of the bronchus as well as epitheliomas of the skin

SILICATES
Moft‘sn‘lm(es wilt produce dust , and if workers ate exposed to these dusts they
e tlal et Ea ey

Chma-lay or kavkm
Thts 13 hydrated stlicate of alummurm, and ot present ts ane of the most
important exports from the United Kingdom It 1s an important ingredient 1n
china and eartheawate pottery, aed s used tn the manufacture of & large number
of other commodzues, ncluding cotton cloth, paint, soap, and fine art paper 1t
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1s formed by the decomposition of feldspar by the removal from it of siicate of
potassium through the action of water contaimng carbon dioxtde

The largest production of china clay i the world 1s 1n Cornwall, where 1t occurs
1n deep puts from which 1t 1s washed with water under pressure  Men are exposed
to the dust in shovelling the clay after 1t has been dried n the kilas  No medical
sufvey has been carried out 1 the Cormish china clay industry, and therefore
hittle 1s known of the effect of this dust on the lungs  Middleton (1936), however,
recorded the case of a worker aged 49 years whose skiageam shawed the whole
of both lung ficlds covered with extremely fine motthing, most marked in the
middle zones and at the right base He considered the film suggested pneumo-
coniosts, not of a silicotic type  Hale (1946) has some radiographs of workers
m the industry showing well-marked retrculation It 1s probable that these
workers have few symptoms and that the dust does not produce great, »f any,
disabthity

Thomas (1952) described 1n the findings tn two necropsies one a worker 1n the
ball clay industry and one who had been engaged on gninding ciuna stone, a
grimte contaming chia clay  He found 1n these woikers evidence of silicosis

Talc or French chalh

This 15 hydrated magnestum silicate, and in muneral form 1s known as steatite
or soapstone  It1s used as a filler for paper, soaps, and paints, for leather dressing,
m the manufacture of rubber motor tyres, 1n making electnic switchboards, and
for heat snsulation of steam pipes

The first account of changes mn the lungs due to talc was given by Thorel (1896)
followed by a report by Cesa-biachi and Devoto (1911) of the necropsy of a
woman who had worked in talc The lung showed much talc dust but httle
resuling fibrosss Zanell (1931) recorded the case of a s oman worker, aged 27 years,
in a tyre factory, who had early tuberculosis but also reticulation in the lung
radiograph  Dreessen (1933) nvestigated the workers in a tremohte talc mne
and mut and found that those who had been e¢mployed for more than § years
had radiographs which showed fine diffuse bilateral fibrosts but this appeared to
cayse httle disabihty Dreessen and Dalla Valle (1935) carried out a further
survey 1 Georgi2 and found that 16 out of 33 mull workers exposed fo high
concentrations of talc and 6 of 13 mners had pneumocomosss , 1 4 cases there
was evid of added pul, ry Merewether (1933, 1934) examined
24 workers who were exposed to tale 1n the manufacture of rubber tyres for
ds of between 42 mionths and 40 years  They shawed o disablement thovgh

changes d diffuse I fibrosts of the lungs (Fig 110)
Segal, Smth and Gr - 4 3 es nl o bubn millare and mmers
n St Lawrence Cou N .
known as asbestme( .
slica content of « po ©

g::t;m fine, straight, n;ad\e Wike fibres, and dust counts ranged from g mllg::
to 5,000 mullton particies per cubrc foot  This material was obtomed )'h\m o
pround munng with inchined shafts to depths as Jow as 1 000 feet, mcedn:nd
employed 15-17 men underground , 221 miners and mutlers we;: “a";'n;45pcr
radiographic evidence of fibrosis was found 1n 32, giving an inctdence s
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Fia 110 — Woman

tyre factory  She
complained of severe
cough and dyspnoea

cent Al the cases occurred 10 men who had worked for 10 years or longer, and
the 1ncidence 1n this group was 259 per cent  The appearances were of fibrosis
of a fine, diffuse type, showing or }} on a hazy d
The resulting dyspnoea, cough and fatigue were disabling, and many of the men
showed clubbing of the fingers There was some mcreased susceptibility to
tuberculosis 3 men showing evidence of the discase  Besides the fibrosss, deposits
of unidentified opaque matenal 1n the periphery of the lung called * talc plaques ™
were observed 1n 6 3 per cent of the workers  These plaques varted from single
Tinear deposits in the region of the diaphragm to massive deposits, bizarre in shape,
extending over a large part of the lung fields , they were swrregular in shape, density,
and the sharpness of thetr outhnes  No deaths were recorded, but the clinical
and radiographic picture showed resemblance to asbestosts rather than silicosts
McLaughlin, Rogers and Dunham (1949) recorded the results obtamed at necropsy
of a man aged 51 who had worked for 37 years 1n a rubber tyre factory, where he
was exposed to talc dust A feature of the histology was the presence of bodies
simlar to asbestos bodies found 1n a pneumocomotic lung  Although there was
much fibrosis of the lung and abundant doubly refractile particles, x ray analysis
of the lung suggested that there was less than 0 06 per cent of free silica 1n the lung
1t seems clear that tale and asbestos give nise to sumilar diseases

Asbestos
The term * asbestos ™ 1s of Greek ongm and means ** unconsumable *  Asbestos
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was worked into textiles by the Egyptians, Romans, and the mhabutants of the
ancient empire of Tartary, the wealthest among them using it as cremation cloth
Pliny catled 1t a * rare and costly linen.”, whilst Plutarch recalls its use as the
perpetual wick 1 the lamps of the Vestal Virgins  The use of asbestos seems to
have been lost 1n the Middle Ages and an aftermnt th en < ¢ maban L 1
century met with little success, so

century that it again became 1ndus
Is concerned with two main types of asbestos (1) Hornblende or amphibole, to
which group blue dolite, readily 1dentified by ats lavender-blue colour, and
amosite, white or yelfowish brown n colour, belong, 15 produced exclusively
1 South Africa  (2) Chrysotile, white 1n colour and of fine tevture, 15 produced
manly 1 Canada, Rhodesia, Transvaal, Australia, Italy and Russia

TABLE 1T
TABLE OF COMPOSITION
T Homblendr Chrysotile
Blue crocidolite, |  Amosite, Canadian, | Rhodesian
percentage
Silica 50 47 41 41
Alumma 1 6 3 1
Fernic oude 35 37 2 4
Magnesia 2 6 40 39
Alkalines 8 1 — —
Water 4 3 14 15

1t 1s imported as the crushed rock, but the fibres can be separated to an extreme
degree of fineness which renders them capable of being carded, spun into yarn and
woven 1nto cloth by processes similar to those used 1n the cotton industry Bmdfs
being woven, asbestos 1s ground and mixed with cement and plastics to make
wnsulating skabs, boarding, and many other articles used 1n ndustry  The dl:st
given off during the process of manufacture 15 mostly less than 5z 1n drameter

nd 10z 1n length

¢ Thlc é\:sl cascgof asbestosis was described by Murray (1907} The man :"“}g
been employed on a carding machine for 14 years and was the last survivor of
men who had worked 1n the card room, the others all having died abou(lx;he ﬁg:
of 30 with respiratory diseases  He died :inffharm‘g Cross }-:ic;rpolsl;'xsl ;‘:\c{glhe:;:mgs

e of 34 revealed hffuse y
\awgcre found to con';a‘:n asbestos bodies  In 1906, Marchand and Reisal }tK?;i"s,
Roslosk and Saupe, 1931) noted the presence of unusual bodies xr:j ¢ r::c mgh
of an asbestos worker , while Auribault (19(16)‘|n anceI rccorde‘_ KLA Nge
mortality in an asbestos textile factory ™
in Hamburg  Real a(te}r]morn, how;vc:,

ded the death of an asbesto

::v:c? p‘uel‘i:;nary tuberculosts , while McDonald (1927) and Cooke and Hull (1927)
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gave the first detailed descriptions of asbestos bodies and asserted that they ongt
nated 1n the mhaled dust Seiler (1928), and with Gidman m 1931, recorded the
necropsy findings in an asbestos worker who showed fibrosis but no evidence of
tubercle  The d was fully described b; and Price (1930)
and Merewether (1933, 1934) Chcally, the stnking symptom 15 dyspnoea of
gradually increasmg intensity, often associated with a dry cough, m the early
stages physical signs are shght or absent, but later riles throughout the lung
develop and the fingers often become clubbed Radiologically the most
charactensue feature 1s the ™ shaggy ” outline of the hean shadow, \v}ule 1 the
- which

which

At necropsy, pleural adhesions are extensive and dense, and there are often
thick subplenral plaques of fibrous ussue  The conststency of the whole jung 15
1ncreased, and there may be large areas of fibrous condensation which 1s tough
rather than stony hard as 1n sificosts Othcr pms of the lung, not affected by the
fibrotic change, are and with Y processes
(Figs 112aand b) Emphysema 1s extensive, but localized often to the Iower and
apical parts of the lung, pneumothorax sometimes occurs The histology has
' v v pranaes -

Wood and Gloyne (1934) collectcd 100 cases ofthe disease and found that 21 were
t (1936) studied 54 deaths
occurring betwecn 1930 and 1934 and found that teberculosis was present 1n
24 (44 per cent) The periods of employment m the ndustry ranged from 10
months 1n the disintegrating plant to 23 years® weaving, the average duration being
Just under 10 years He suggested that tuberculosts was a shightly less frequent
complication than 1n silicosis and that 1t 1s more frequent as a terminal complica-
tion than as a concomutant disease during the earlier stages
Wyers (1947) showed that, as a result of measures enacted by the legistation of
1931, the morbldl(y mte from asbestosls fel] from 39 1 per 1,000 1n 1932 to zero
e

1010

he disease v cot sval « o

cancersj

and Wed

chnmctenstxc ol lh:s d|sease has now Iargely given place to a coarser, more gmnular
f the blue areas 1s not so
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Fig_ 111 —Man aged
56 years employed
for 6 years card ng
m an asbestos fac
tory  He had gross
clubbng of fingers
and dyspnoca

advanced as that seen 1n the specimens of 15 years ago Whyers thought these
changes were due to longer exposures to lower concentrations of dust

From his clinical studies of asbestosis Wyers concluded that it differed from
silicosts 1 being a clinical rather than a radiological disease  Of the clmical
signs he stressed the importance of clubbing of the fingers and symptoms of
cardiovascular origm (rased drastolic blood pressure and accentuated second
pulmonary sound) as being always present when once established whereas the
margmal crepitations and fibrotic crackles tend to be evanescent Of the complt
cations emphysema was always present br the
termination tuberculosis was of the acute caseous type and occurred m one
third of the cases the right heart dil wa and b
rare Pregnancy could not be shown to affect the pmgress ofthc disease adversely
and the obstetncian should be guided by cardiovascular rather than the pulmonary
signs
E:I‘he difference between the reaction of the tissue to silica and to 1sbestos is even
more marked than the difference between the clinical pictures of 51l|c'0i|s‘ fmd

' - Tha  enl v

dust does not cause an acute inflammatory ‘reaction  Gardner and Cummings
(1931) found that asbestos accumulated 1n the bronchioles and then in the alveoll
and fibrosis fist appeared after about 500 days exposure Gardner (1942) put
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Stlimanite

Sthimanite 15 an aluminum siltcate, and 1s a dense rock found 1n India
Tt1s used as a refractory materal in the manufacture of porcelatn When broken
1t produces masses of prismatic crystals i the form of fibres which cannat be
broken down 1nto fine fibres like asbestos but tend to break and become reduced
to a powder N

When handled 1n ndustry the rock 1s crushed, ground and sieved, and then
calemed, dunng which a considerable quantity of dust fs given off  Middleton
(1936) reported the 1nvestigatton of 15 men who were employed handimg this
matertal  Therr ages ranged from 24 to 50 years and the ducation af their employ-
ment 1n the mdustry was from 13 to 16 years Chest radiographs showed
abnormality i only 4 men, who had been working with the matenal 16, 11, 7 and
§ years, and it whom some ceteulation was noted  These numbers ace smalf, but

ams athal o TAMen and

Sp in dameter  Necropsies were carried out on 22 of these amimals  Five died
from coflapse or pneumont after being dusted for periods of up o 100 days,
and showed rummal fibeosis , 14 survived for periods up to a year, and m this
group there was more fibrosis with thickentng of the inter-lobular septa  Three of
the animals survived 673 days, these showed well defined dust nodules in the
1nter-lobular septa and 1n the pensascular and pertbronchial regtons, consisting of
dust particles with fibroblast and early connective fissue formation  These armal
expertments suggest, therefore, that the dust may not be quite as harmless as the
clinical observations of Middleton suggest

Mica
Mica belongs to a group of widely distrrbuted roch-forming munerals, of which
muscovite and phlogoptte are important commercially  Muscovite 1s a stlcate of
with p and phlogopite ts sthicate  The
former 1s used for 1ts transparency and the reststance to fire for windows of stoves
and lanterns while 1t 15 sometimes ground up and used in the manufacture of papet,
wall-paper, and paint, and a5 a lubricant and absorbent The Jatier 15 bcused
exclustvely for electrical purposes  Dust 1s produced when the maienals are bewng
ound and finished
gl‘t\:(‘xddlemn (1936) reports that Ferguson exinuned 12 workers who were c:!p?‘sed
10 mica dust, but only 5 of them had been ¢xposed for more than 5 years an(bl Dcs‘:
complarned of cough and shoriness of breath - Radiographs showed somé il \rmsm
of the peribronchial type with some diffuse shadows mn the middle zone 4 etﬁxsmg
thought therefore, that the dust of mica was probably capable of ©

pulmonary fibrosis

Diatomaceous earth and tripoh

Diatomaceous earth and titpolt are hydrated, amorphous mmcrln?ls ::f t;rcg::‘;z
ongmn, which are generally considered to be vaneties of op:ﬂf ?lf‘n:hclake
carth 15 also known as dutonte, kieselguhr 3ud ferzaa fosstl 1tis 0:‘:“5 e mes
deposits of muneral diatomaceous shells It forms a porous mas
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of the sharp particles of quartz, but Gardner (1932) showed, by animal exp
ments, that sithcon carbide (carborundum) the particles of which are as sharp
those of quartz, does not produce fibrosis to the same degree  These experime
resulted in the solubility theory of sihcosis Quartz 15 taken up by the phagocy

TABLE 13{
FATAL CASES INVESTIGATED U 7O THE END oF 1949
(From the Annual Report of Chef Inspector of Factories 1949)

T e
[ Duratton of employment
ars

| Number | Average
i

P 0/, aLe at
deathrs death | neest | Shorrest | Averae

Stcosis ]

Potrery |
Stlicosts 519 612 620 28 38§
Stlicosts with tuberculosis 423 555 670 56 346
Sandstone
Silicosis 206 592 600 90 394
Stlicoss with tubercufosis 209 567 550 50 372
Grinding of metals |
Silscosis 102 587 560 10 363
Silicosis with tuberculosts 196 537 530 28 29
Sandblasting

iicosts 61 437 280 17 123

ilicosis with tubercufosis 9 461 260 20 131

of scouring powders

ticosis 3 372 o 23 82

sicosis wath tuberculosts 6 W itz 20 70
Misceltaneous |

hicosts 21 516 570 ts 23
Silicosts with tubetculosis 206 stz | s00 07 252
Total

ihicosis 1172 85 620 13 H2
Sihicosts with tuberculosis 1136 538 679 07 an

AsBEsTOs ( [ | s

Asbestosis 186 1 32 480 o8 | 1
Ushestosis with tuberculosis | ® | »2 290 o8 | 15

m which 1t goes mto solution  So long as 1t 15 contained within the phagocytes
1t 3% harmiess but when 1t 15 refeased as a result of nfection, exther fuberculaus
or non-tuberculous, the typical whotled fibrous nodule of siicoss results (Fig 113)
This sumulated the work of Kettle (1932) who showed that by mixing 1ron oxde
with silica the amount of the fibrosis that was produced in the lung was reduced
Later Denny, Robson and Irwin, 1n 1938, showed that aluminusn-coated qua[rlz
particles did not go mto solution  This led them to use powdered alumlmumdor
the prevention and treatment of silicosis, fine black metallic atuminum po‘;'_ :
with parficles of less than 2y berng blown into the workers changing roomsrbft:r

they descend the mine  The solubility theory 1s, however, far from sau; an;‘ :’
smce sitheic acd normally appears as an inert substance It seems probable ther
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t t the root of the lung undergo a process of fibrosts  They
1 thrd and are usually deeply pigmented and histofogically show
s1s tn which the fibroblasts are arranged 1n a whorled manner
1dergoes a fibrotic change resulting in thickemng and the formation
Shis may result from the deposition of silica 1n the subpleural

sult of a retrograde lymphatic flow

115t hve been exposed to silica dust for a pertod of probably more
T'tus may have occurred 1n some early part of his Iife, so that 2
spation1t history must be obtained He complains of mereasing
trcath on exertion, and this may be exaggerated by a super added
> 1 mal infection, which may give nise to cough and sticky sputum
ughtness of the chest and a wheeze Not only does tuberculosis pre-
hicosis as has been recorded above but silicosis predisposes 10 the
s of tuberculosis  The symptoms of this disease may then be added
~mition the chest will show evidence of emphysema, 1t will be bareet
nti ve dmunished costal and diaphragmatic movements  There may b
te e ke fingers, rhonchi will be heard scattered throughout the lungs
U+ ¢ teanirsion may be reduced to less than aninch  The blood sedimentation
« V1l be wereased if infection 15 present and 1t would appear that infection and
disitaldy are closely allied The wital capacity and maxmum breathing
capacity nre reduced, the residual air increased, the blood oxygen tension ¥
reduced  Shiagrams of the chest will show reticulation, nodulation and 1 many
cwe 1 ssne shadows, which are caused by the conglomeration of the whett

¢ > of fbross  Raduologically, simular shadows may arise in diseasts smdnfs
Myt ulosis, d or h d Tt 15 not possble 0 &
¢ c-tiate these varous diseases by examunation of the skiagram alonle o
complete chinical and occupational hstory 1s essential for the diagnosis of sie
{Figs 115-121)
Treatment

Once the disease 15 established t can only be symp 1 the patent

s freed from contact with silica before massive shadows have developed (‘(‘:
disease will not progress, but If masstve shadows are present 1t may C"““““zm
progress even though he 1s no longer 1n contact with siica dust  Many “{“’l pt
hold the view that massive shadows are a mamfestation of tubercalous 1% ‘fglil)
even though 1t 1s usually impossible to 1solate the tubercle bacillns _ Gloye® (fau "
Teported that 1n 1,036 pneumocontotic lungs which he examuned, be er 0
evidence of pulmonary tuberculosts 1n 43 per cent  He found primary c:m: 1he
the fung 1n 77 per cent Apart from removing the man from contict ¥!
silica, treatment should be directed to treating infection  There 15 10 scxccm
evidence that treatment by inhalation of aluminium powder has any 1hera§ o
effect 1n relieving symptoms or preventing the disease, though WOTKE®
Patients usually express satisfaction with the results of the treatment

Prevention

Prevention 15 the most mportant form of therapy ~Managements sho
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OCCUPATIONAL LUNG DISEASES

W' e glands at the root of the lung undergo a process of fibross  Tbg
¢ me small and hard and are usually deeply pigmented and histoloaeally show
"1 wess of fibrosis in which the fibroblasts are arranged 1 a whorled miorer
nleuraalso undergoes a fibroticchange resultingin thickentng and the I'o‘:m’am
dhesions  This may result from the deposttion of sthica i the subple
~hatics as a result of a retrograde ymphatic flow

i

\ limteal course bably more

The patient must have been exposed to sihiea dust for a pertod of prol )xha; 3

' 0 Syears  This may have occurred in some eatly part of his hflc_. ;:mm

'mplite occupational history must be obtamned  He complains of - 2dded

bortness of breath on exertion, and this may be exageerated by a ‘:Pcs uum

+aturhal bronchial infection, which may give nise to cough and st y]osi:s -
and fater to tightness of the chest and a wheeze Not only does tuberc

1 - -

- ac tn b
dispose to silicosts as has be- ¢ .
development of tuberculosts  * - - -
On examination the chest - b ) 13
N efe may
shaped and have d hed costal and d movements  Th

clubbing of the fingers, rhonchi will be heard scattered lhrougozoueld“xrl‘f:ﬁ“
the chest expansion may be reduced to less than an inch  The blood s nfection and
rate will be increased 1f infection 15 present and 1t would appear ‘h‘“"_n bresthing
disability are closely alled The wital capacty and maumu tension 15
capacity are reduced, the residual ar increased, the blood-ovygen d1n maoy
reduced  Shiagrams of the chest will show reticulation, nod“h‘w"r"l;: whorled
cases massive shadows, which are caused by the Cﬂnglomfm“""d‘:cascs cuch 2
wreas of fibrosis Radiologically, similar shadows may anse 1 dv sible 10 &f
miiry tuberculosis, d or h d It 15 not pos alone
ferentiate these vanous diseases by evamination of the skngm"“s of sthicos>
complete clinical and occupational history 1s essential for the diagnos
(Figs 115-121)
Treatment " atient
Onee the disease 1s established can only be symp d:{:l‘:)gd i
1s freed from contact with silica before massive shadows have continue 10
disease will not Pprogress, but 1f massive shadows are present 1t m;){any workers
progress even though he 15 no longer 1n contact with silica dust tous nfection
hold the view that massive shadows are a mamifestation of tub‘"-'“Gonnc (95
even though 1t 15 usually impossible to ssolate the tubercle bacillus ed, he found
reported that 1n 1,036 pneumoconiotic lungs which he examin r‘ycgnw“
evidence of pulmonary tuberculosis n 43 per cent  He found Pflm::gcl with the
the lung 1n 77 per cent - Apart from removing the man from conl no serentd-
sihea, treatment should be directed to treating infection  There 18 therapeut &
evidence that trertment by ihalation of alummium powder has ‘;n{\orlm and
effect 1n rehieving Symptoms or preventing the disease, thoug
batients usually express satisfaction with the results of the treatment
Prevention

should ¢
Prevention 1s the most important form of therapy ~Managemen(s
m
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PNFUMOCONIOSIS OF COALMINERS

Bntain has come mamly from Ccylon and Madagascar but there has been a small
quantity mined 1n B n ke (1948) showed that
the muners in the workings 1 Ccy]on d:v:k)pcvl x-ray reticulation  Gloyne,
Marshall and Hoyle (1949) recorded two fatahties and Harding and Oliver (1949)
three more among men who had been exposed during the manufacture of crucibles
to a mixed dust of graphute, sifica, sillimamte and other substances  The patients
had worked for 30 years and more 1n contact with the dust and had complained of
ncreasing shortness of breath on exertion, with cough and visaid sputum  Chest
movemem was poor, there was dlmlmshed ai-entry, and many crepitations

hout the lungs  The radi hs showed at the bases, nodu-
fation, and masaive shadows of both lungs  The patients all had massive pro
gressive fibrosts, and dust reticulation at necropsy, and the lungs were blackened
from the presence of graphite dust

PNEUMOCONIOSIS OF COALMINERS
15 the most dust disease 1n

lhc Bntish Isles The existence of the disease 1n South Wales has been known for a
centary (Meiklejohn, 1951)  Early 1n the nineteenth century Laennec {1806} and
Boyle (181S) described a pecubar form of animal production which they called
melanosis  Thackrah tn 1831 recognized that colliers were hable to develop
“ mner's asthma * and Cox (1857) described the disease as the * scourge of the
mines ”, but it was not until Hart and Asltett (1942) carried out a survey of the
industry, as a tesult of the rapidly pumber of
that were bewng 1ssued, that a clear deseription of st was recorded in the Iiterature
The dust inhaled by the coalmuners 1s 2 mixture of ¢oal, silicates, and sthica and the
resulting disease 1s therefore a fotm of sthicosss  Besides the mixture of dusts the
quantity of dust inhaled 15 a factor 1n the occurrence of disease  In the past the
anthracite mines have been badly ventilated and therefore the quantity of dust
whaled has been high and the incidence of the disease has accordingly been
highest 1n these mines  However, with the installation of better ventilation and
the use of mechanical methods 1n bituminous and steam coal mines the guantity
of dust in the atmosphere 1n all classes of munes has approuimated more closely
together, and there 15 probably not such a great difference sn incidence as used to
e thought
Pathology

If the lungs are examned, black ateas will be found scattered throughout the
lungs, varying from microscopic size to about 5 millimetres, some of which are
soft, others are hard, depending on the amount of fibrous tissue present (Fig 122)
These dust foct are formed around the h and ther
atterioles A delicate fibrosis deselops in the foct of dust which may stop at 1hys
stage ot proceed to the devefopment of hard coffagen tissue  These foci have a
crenated edge with processes euendmg from the edge and fading into unaffected

cmmn fam
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OCCUPATIONAL LUNG DISEASES

FIG 122 —Macroscopc appear
ance of a section of fung of a
miner  with  pREUMOConIoss,
showing coal foc1 with areas of
surrounding  emphysema  and
massive apical area of fibrosis
Wwitheavity in the centre {Section
by Professor Jethro Gough)

1t 15 the destruction of healthy lung and its replacement by fibrosis and

1947y
t of breath and disability

focal emphysema which cause the

0 this disease
As a background to this simple pneumocomosis there may be super imposed

fibrosis due to mnfection which may be tuberculous or non tuberculous  Massive
areas of fibrosis occur frequently sn the upiper halves of the lungs especially i the
posterior segment of the upper lobe and the apical segment of the lower  They
are round or elongated and are composed of dense black tissue of a hard rubbery
consistency  These arens usually have a small cavity 1n the centre, which may
contain some black liqud  There 15 usnally no defimite evidence of tuberculosis
esther to the naked eye or 1o microscopic examunapon  Nevertheless 1t 1s thought
by many workers, probably nghtly that these areas do represent super added
tuberculous infection which may have become dormant or died out  This view
1s supported by the finding of tubercle bacilli m about one third of the cases
Sometumes these areas extend into the bronchus, 1n which case the patient v
complatn of coughing up a quantity of mky black sputum  This has been calied

melanoptysts

Right s1ded heart faslure 1s the most common cause of deathi n these patients
but they may die from \{ or th of the pul, ry artery
The degrec of disability will depend on the amount of fung 1 which function
has been lost or ympasred  This may be brought about ether by fibrosts or
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PNEUMOCONIOSIS OF COALMINERS

emphysema, although the two generally occur together The disease presents
most rapidly 1 the workers who are employed in developing the roads to the coal
face and are called * hard headers ”, but 1t can occur 1n all workers in the coal
munes, or indeed, 1n coal tnmmers working 1a the docks, or ¢ven 1n furnace men
 factories, and coal-delivery men, if the exposure 15 long enough  The disease
18 stmifar to that afready described mn the section dealing with graphite

Clinical course

In the early stages the disease tends to pursue a slow course of dyspnoea on
exertion, and (his may be the only symptom  As the disease progresses, however,
they may develop a cough, and advanced cases may have melanoptysis, and
cough up a peculiar type of black sputum  This 15 associated with the breaking
down of large areas of diseased lung tissue  In the late stages, paroxysms of
coughing assocrated with tenacious wmucoid sputum sometimes occur On
exammnation 1n the early stages there may be no abnormal physical signs, but as the
disease develops the patients become obwiously dyspnoeic on exertion and
eventually orthopnoeic There may be clubbing of the fingers The chest tends
1o become barret-shaped, and respiratory movements are poor  Flattening of the
chest belotv the clavicles 15 sometimes marked , there 15 often hyper-resonance
over the bases  Air entry becomes martkedly dimimshed, and when bronchitis
1$ superimposed there will be coarse creputations throughout the fungs

The progress of the disease 1s often accompanied by a nising blood sedimentation
Tate, but this 1s usually associated with infection  Itis, however, the supenmposed
infectson, which may be either a catarrhal b hitis or p Y
which causes the disability in the cond; Tuberculosis 15 a common pl
tion and Mann (1951) suggests that 1t 1s possible that coat dust exerts a modifying
influence on 1ts development and progression  Stewart (1948) found that positive
sputum was present i 3 per cent of 400 patients with the disease , but Gloyne
(1951) found pulmonary tuberculosts in 100 (34 per cent) out of 293 cnal miners”
fungs examined at necropsy e found that the incidence of primary pulmonary
neoplasm was 6 9 per cent  The vitat capacity and maximum ventlatory capacity
are usually befow normal and the ressdual air 1s mcreased  Exercise tolerance
tests are below standard  Mepsurements of arterial oxygen will show lowered
saturation and tension 1n advanced cases hIn the early stages the skiagrams show

near the hla  In more advanced cases nodulation is present , multiple, discrete
shadows 2-3 millimetres 1n diameter are scattered throughout the lung ficlds (Figs
124-125)  Thus nodulation 1n due course may coalesce or conglomerate so that
masuive shadows develop  These are dense homogencous shadows usually with a
smooth outhne, and therefore well-defined, often with a symmetncal distrbution,
and sometimes referred to as * angel’s wings ™ These shadows are usually asso-
ciated with well marked basal emphysema  They can occur esther with reticulation
ot nodulation  Following melanoptysss, a central area of transiucency develops
within a massise shadow, indicating the presence of a cavity  There 15 sometimes
aflud lovel (Fog 126)

279



OCCUPATIONAL LUNG DISEASES

If the man 15 removed from the mimes in the early stages of the disease 1t is not
progressive  In the later stages 1t frequently pursues a slow course, but when
massive shadows are a proruaent feature 1t may progress rapidly.

Treatment
‘When the diagnosis 15 made the patient should be removed from further ex-
posuse 1o coal dust  If this 15 done 1n the early stages he will be able to do full
time work i most industries As the disease advances he will be suttable for
work mn hpht ndustry or mn sheltered workshops Treatment for the chronic
b and emphysema which p the disease foifows the general
Iine for treatment of these diseases  Inhalation of alumumum dust may cause the
patient o express the faith that he s better, but there 1s no scientific evidence that

1 produces any change n the course of the disease

PNEUMOCONIOSIS
1t 1s only since 1930 that radiography of the Iungs has been satisfactory It ss
not surprising, therefore, that much new knowledge about the effect of dust oa
the tungs has accumulated during the past 20 years The charactenstic radio-
praphic change buted to had g scattered
throughout the lung + has found it

15 pin-p
In the deseription of this nearly every workes
A . £ e Ld e i n oo nne of
4
e
e

esther fluffy and confluent, ot else conglomerate, when a massive shaguiw ftsuns
. f & - ient e € Shm yoeay * 3 SOfE

that 1s seen on an x-ray film There may be no visible QEIEILE Luiivor » -

nodulation caused by deposits of 1on 1n the electnc are welder's chest, .'m;‘i :hact

appeanng 1n the classieal sthicatic or even mn the person su'ﬂ‘enng l"snm ‘;Tc;‘é::

mbiary 1 yet the pathological fessons are di

The observer gives his own opimion of the cause of the shadowing s
Even though many of the dusts which cause s shadm&mg] ate x‘ndelr“.t o

rational at Jeast to suppose that the lung cannot become & physiol :g'c:mmr how

dust,
apd vet retamn 1ts elasticity  [€ seems possible that any A
*y ~se am cmall ~nnceatrations would 1 large enough quantity e'aenixJ_a)b—’

Tnert dusts
Baratosis z od
When metaltic dust 15 mhaled into the lung it may g0 1ato saluuotn I:x;d :a: ;:‘r; «d
around the body and excreted by the kidneys and m!esm;:s,hor :v ma ;;’ iy
the lung tissues as an inert substance  Metals a.ndflhexr 2] 2; :\ 2(;933) o der.
the denstites of which vary with their atomic weight Armgom
280



PNEUMOCONIOSIS

e e pr s o e o

Fia 123 —Early rett
culation in a South
Wales collier

® L
w2 '

Fig 12 ore
defimite reticutation
and early massive
shadow formation
i a South Wales
steam colber




OCCUPATIONAL LUNG DISEASES

Fic 125 — Nodula
tion and_massive
shadow formation
m South Wales
anthracite  hard
header aged 48
years

FiG 126 —Skiagram showing a
cavity which appeared i a
massive shadow tn a coalminet s
lung after a melanoptysts



PNLUMOCONIOSIS

grass (1938) have shown that the inhalation of the dust of barytes and banium
(atomic weight 137 4) produces the densest of nodular shadows in the lung
Barium itself, however, 15 inett and does not produce symptoms or disability
1f, however, the dust 1s a mixture containing quartz, silicosis may result

Siderosis

Zenker (1866) first showed that 1ron (atormic weight 55 84) was deposited in the
lymphatics of the tung tissue  Doig and McLaughlin (1936) describe the radio-
graphic change which they observed 10 a group of 6 electnic-arc welders (Fig 127),
These men suffered no symptoms and they had no physical signs as a result of in-
haling the 1ron dust, yet thetr skiagrams showed dense reticulation Enzer and
Sander (1938) showed at necropsy that the 1ron oxide is deposited in the penvascular
and penibronchal lymphauces and does not produce fibrosss 1n the lung  Later
Doig and MeLaughlin (1948) showed that the x ray shadowing will become less
marked 1n the course of years i1f the men are taken away from the occupation of
welding  The study of dust diseases 15 inevitably complicated by the fact that the
dust inhaled 15 of a mixed nature Thus workers in foundries are exposed to a mixed
dust of 1ron, sihicates and stlica (McLaughlin and others, 1950) In these cases it 1
mamifestly impossible to express an opinion as to how much of the x-ray shadowing
1s due to the inert 1ron dust, and how much to fibrosis caused by the silica and
sthcates (Fig 128) Likewise though the radiographic changes in the lungs of
haematite iron muners are highly characteristic , these workers are exposed to a
mixture of 1ron and quartz, resultng 1n sidero silicosis with all the symptoms and
disability caused by the more severe disease (Fig 129)
Argiro siderosts

Silver polishers polish with rouge, and are thus exposed to a dust consisting of a
mixture of siver (atomic weight 107 83) and wron  They develop a cough with
copious rouge coloured sputum  McLaughlin and others (1945) showed radio-
graphically that the lungs of these workers presented a typeal picture of reticula-
ton  No evidence of fibrotic change was shown though the lungs may be

h There were ¢ of tnert 1ron 10 the lymphaties  Histo

logically there 1s intra-vitam statning of the elastic tissue in the arterial and alveolar
walls from the 1nhalation of particles of silver, wiuch 1s partly the cause of the
x ray shadowing (Fig 130)

Stannosis

Pendergrass and Pryde (1948) reported the case of a workman, aged 45, who had
been bapzmg tin (atormic wesght 117 8) oude dusl obtained by treating tin canswitha
caustic  The of the dust prod: 1n the tung
fields sinular to that seen i arc welders  There was ittle fibrosis  The tin oxide
dust contamed 96 5 per cent of tn oxide but no silica When an artery of a freshly
exvased dog ¢ lung was speted with @ salne Susprnuan, of u ende o e suse
penston was instlled 1nto the bronchi even small amounts of 1t produced apprecs-
able densities 1n the lung

Vanadiosis
Wyers (1946) hns shown that men employed in bagang d m
233
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‘PNEUMOCONIOSIS

Fi6 129 —Appearances of s dero
s | cos s m @ haemat te 1ron ore
m e

the process of manufactuning vanadium (atomic wetght 50 6) may develop
rad ographic reticulation 1n their lungs
Alunumum
Aluminium powder has been used extensively 1n making explosives ncendiary
mixtures and pamts Denny Robson and Irwin (1939) produced evidence from
ammal expertments that aluminium dust would prevent siicosis - Since then miners
In vartous parts of the world have had alumimum dust blown into lhenrcLhangI‘ng
o

n
v
'
from Germany have shown that workers exposed to high concentrations of metallic
alurminium dust complatned of dry cough with pain on breathing shortness of
breath and poor appetite Therr shsagrams show a rapidly progressive disease
with extensive fibrosis (Fig 131) These patients frequently developed spontaneous
pneumothorax and several ded The development of the illness was reported
withit 3 months of staring work  Histolog cal examination of the lunes of
patients who ded revealed coarse branching hyaline collagenous fibres whch
enclosed phagocytes contaimng fine and coarsely granular particles distinguished
by Jagged outline from carbon part cles
In 1947 Shaver and Ruddell 1n Canada reported that a number of persons
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engaged 1 the manufacture of alumumum oxide for abrasive wheels developd
a stmilar disease  In the manufactuning process bauwite 15 ground and mixed
mtmately with sron and coke the mixture 15 shovelled snto Iarge won pots into
which carbon electrodes are lowered The muxture 15 fused at about 2000 C

as a result of which dense whate fumes contaw ng alumua um and s hea are evolved
These fumes contamn considerable quantities of alumina and siica together with
small quantities of many other substances all w & &ne state of dnision The
men first develoo attacks of extreme shortness of breath and Jater compla n of
sub sternal pan cough with white frothy sputum weakness Joss of appetite
and marked cyavosts  Among 344 men 23 developed and § developed
Infateral spontaneous pneumothorax  There were 7 deaths  n these cases the
men had had less than 5 years exposure The chest s gns were vanable and
depended on the presence or absence of preumotharax  d munished chest expans on
and smpatred percussion note were the prnactpat ones observed  rales and shancht
were varable Tachycardin and cyamosts were marked features In well
established cases the rad ographs showed extensive fibrosis w th areas of gross
emphysema  The lung fields were face Iike or granular i appeacance  Emphy

sematous bleps and bull occurred in the viscera! pleusa and were apt to rupture
spontaneously gvng nise to pneumothorax M croscopicat exam nat on of the
fungs revealed profound t 2 d by over fibrous
nissue formation  The ash of the lung contaned 3 per cent s e and 45 per cent

alumaa
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CHAPTER 24

CYSTS OF THE LUNG
GEOFFREY FLAVELL

Cysic piseast of the Jung may be congemital i orign, or 1t may be acquired
The distinction 1s often hard to make since pathological changes m the lung soon
after birth may be ken for, or ind hable from, truly congenital lesions;
and defects first seen 1n fater fife may have therr root 1n developmenta] faults,
Degenerative changes, certam specific pneumontas, the tenston cavities of
tuberculosis, bronek obstruction by neoplasm, secondary epi-
theliahization of mflammatory spaces and parasitic mfestation can on occaston all
broduce similar appearances Some are truly cysts, some abscesses, and some
mere tears m the parenchyma modified by the elastic tensions of the web 1n which
they occur  The dulferential diagnosis between these lesions, often identical both
tn thetr elimcal mamfestations and their x-ray appearances, presents a task of
exceptional difficulty which may be soluble only by hustologtcal means  On the
other hand the history, chimcal course, and allted features of many pseudo-cysts
will satistactorily sdenufy them
Tuberculous cavitation, for which cysts have commonly been mustaken, should
be revealed for what 1t 1s by nfiltration elsewhere and the finding of baailli;
DY acute ab: afe generally d with some obvious cause, and
when they appear to lack this, or thetr clinical behaviour 1s atypical, they demand
close investigation , those secondary to neoplasm may erther fall into thus Jatter
group, or are clearly the product of an obstructing or necrotic growth But

multiple cysts may so closely resemble cystic bronchiectasts that opinton 15 still
1, though most

divided as to whether b h 15 not
cases seen in anfancy are now beheved to follow early atelectans  When eysts
are full of flurd there 15 Ny no way of htng them from any of the

saltd pulmonary tumours, or indeed sometrmes from localized effusions or
empyemas  Fimally a division has to be made between the ¢ysts of congenital,
and matnly bronchwl, ongin and those which are acquured, antt anse from ihe
alveolt

The symptoms accompany:ng cysts are largely the symptoms of thew compli-
cattons but successful treatment depends wholly upon the diagnosis of a cyst as
prime cavse, and failure to make this diagnosts means that treatment, too, must fat

CONGENITAL CYSTS
When the developirg lang buds grow out from the primitive fore-gut of the cmbr};o
they may bs disordered at any pant along their course  If this occuss atan e:r)l'
stage a fragment may be pinched off near the dividing trachea and & mediastinal
bronchial cyst be left , while if a more substantial part of the anlage goes aslirg
a whole sequestrated pulmonary lobe results  Fucther peripherally, cysts we be
found tn the {ung, solitary if one bronchial bud s 1nvotved, multiplz Af maay &
294



CONGENITAL CYSTS

involved , 1f a bronchial communication 15 present the cysts will also contam air
and be sub;ec\ed 10 the changes 1n us pressure, but, if 1s0lated, they may be full
only of fld or of mucus which may gradually distend them or feach a state
of quiescent equilibrium
In all cases these cysts are charactenzed by a hmng of respuratocy eprthelium,
cubotd or columnar, cthated or not, as well as by a wall in wich the elements of a
bronchal wall, fibrous and etastic tissue, mucus glands and fragments of cartilage,
are present, usuaily 1n disorderly array It 1s the possession of these features
which pringipally disingmshes them from other ::ysls of the lung  Kindred
lies such as and y 1ibs, but p ) aberrant
pulmonary vessels and unusual scgmmlal fissures, are frcqucnl and are strong
evidence of congemtal disoeder
Large cysts are detected in early mfancy because they make ther presence felt
They are generally are-contatning , and when the first breaths enter the newly ex-
panded lung 1t balioons i such a fastion that the small and phant bronchus to
which they are connected 15 compressed aganst the bulging cyst wall and sts entry
made more and more obligue, until at 1ast air s admtted only duning the bronchial
expansion of inspiration and can no longer escape with contraction and expiry A
vicious circle 15 thus established and the cyst grows with every breath and ery At
first only the related {ung 15 compressed, but soon the cyst filfs the hemithorax
causing respieatory distress and cyanosis, each growing more severe with every gasp
unttd the mediastinum 1s displaced, and carnes with it the trachea and the heart At
thus stage all the signs and of a tension witl be present,
%-rays show a deviated mcdmlmum the functiomng lung of one side compressed
by, while upon the other is no sign of pulmonary markings, the cystitseif conform.
ng completely to the chest wall  This predicament in infancy s practically always
due to a balloontng cyst, and the insettion of 2 tension pueumothorax needle high
in the chest, connected by tubing to a water seal, 1s Wiesaving  Punciure of the
eyst may cause pneumothorax, and then the deheate arc of the cyst wall 15 some-
times visible on x ray exammnauon, making the diagnosss plan, since awr entry
10t the cyst 18 valvular, however, such pneumothoraces afford no rehef tut are
m (urm Subjtt(ed 1o an mncreasing posuive pressure
Solitary flud-contaiming cysts, or air cysts 1n which a check valve mechamsm
has not deseloped wili, if farge enough, cause pressure symptoms by thetr bulk
atone, but should this not be the case they he fallow 1n the lung probably about the
size of oranges, until overtaken hy infection (Fig 132} Multiple cysts, simular in
their behaviour and 1o histology are in general smaller, and esthet cluster 1n one
Jobe hke a group of twa or three soap bubbles, or involse an entire Iobe or even
lung n &iffuse honeycombing amongst which a‘mosl no parenchymal tissue
survives While thes may bl d* eystic ™ pent bronchial
wiflammatory damage s wanting, the cysts are bigger than wswally occurs tn
bronchtectatic ditatation, and other sugmata of congenital disturbance are often
preseat (D1g 133)  Such silent cysts will continue undetected into childhood,
qdolcwcnc: ot early adult ife, although attention may be drawn to then by an
cough, or The tatter 1s more ofien
rﬂnnd whcn cyste disease ts difTuse, and 1s occasionally severe  Asthma or early
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CONGEMITAL CYSTS

Fic 133—A case of cstc
honeycomb ng _ nvolving _ the
whole of the night upper lote
and associated with dextro
cardla  Ths combinaton Is
sometimes koown as Karta
gena's syndrome  The con
genual malposition of the
heart 15 convineing evidence of
the congenital ongn of the
cystic disease 10 the upper lobe

clubbing 1n children especially 1f they appear somewhat undersized, and if the
chest seems curiously deep or asymmetrical should indicate the posstbility that
congenital cysts are present  The right lung 1s more commonly affected than
the left

Sooner or later since the great majority communicate with the bronchial tree
lung cysts are likely to become infected  If they are single chronic 11l health with
cough recurrent fevers and purulent sputum may follow and should x ray
examination reveal 1 flmd level n the chest lung abscess or empyema 1s perhaps
diagnosed It has often been the case that large panetal flmd-containing cysts
even when not infected have been mistaken for empyemas and drained by nb
resection  indeed il advised transpleural aspiration of an infected cyst 1s caleu
lated to result 1n true empyema Drunage however does not result i the
progressive diminution of the cavity and a long period of illness with a persistently
draiming sinus wilt continue until 1t 1s reahized that a cyst 1s present and resection
carried out  Infected cysts may also rupture into the pleura or suddenly establish a
fistulous communication J“nh the bronchial tree flooding 1t with pus  Where

cerebral abucess ts ever present
Islands of pulmonary tissue having no connevion with the adult bronchual tree
orat most a tenuous one are sometimes found 1n the chest They recene no blood
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CYSTS OF THE LUNG

supply from the pulmonary circulation, but are nounshed by an aberrant vessel
nistag directly from the aorta, or the coeliac plexus (in which case 1t pierces the
diaphragm from below), and representing one of the foetal vascular Pplexuses
Analogous 1n ortgin both to bronchial and enterogenous cysts, since they are the
result of an abnormal and 1solated outgrowth from the primitive fore-gut, such
pulmonary 1slands are commonly situated postertorly in the left chest (Fig 134)
They are sometimes at the apex, where they may have a narrow connexion with the
side of the trachea, or wholly sequestrated at the base ; and they cast upon x-rays
the opaque shadow of airless lung 1t 15 not surprising, 1 view of their origin, that
they are on occasion partially or wholly cystee, and that such cysts may become

danly snfected  Bronch y shows a normal bronchial tree having no
connexions with the sequestrated area At thoracotomy they are adherent to
surrounding tissues, and the artery supplying them may not only be unexpected 1n
position, but also of formidable size

Treatment
The correct treatment of congemtal cysts, whether they be the balloo'mng air
N Ed B 2 e

tnp ea

' . “ W ¢ mshannes afh Ty d)DbES ol’]ung,
tances the preservation of
+ the surgeon's am

ACQUIRED CYSTS

The cysts of ths category, with the exception « *

229), are pseudo cysts, masmuch as they lac-

cysts, and walls peculiar to themselves, 1f

bronchiectasts and other pulmonary cavities of specific provendice div navwit
set on one stde, those share also the ch that they anse from
the alveolar part of the lung and not from the bronchi, and that they always

contamn air

“ A mna

Blebs and bullze s dovelop undec
ure the normat
g the alveclar
unded by a naitew atelectatic zone,
the pressure exerted upon them

If an elastic net, but at 1s subjected
- A ~~4 a5 a hole
gap m the
y coalesce
m I the
ht degree,

‘;ne;h, smooth rounded cavittes appear Surrol
and grow 1n size disproportionately to
fManlten 1935} Not only 15 the lung itsel
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F 6 134 (a and b) —A scques
trated lobe wth marked
€ys ¢ changes s tated on

and the base of the f ght
tower Jobe through whch a
great deal of pus dra ned
Itobaned s s blood supply
through a large arteral
trunh percng the rght

c¢hid made an unner
rupted reco ery
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CYSTS OF THE LUNG

air may be able to enter the alveolt supplied by it during the bronchial dijatatron
of mspiration, but not to escape agamn when occurs with
Thus a small alveolar space may rapidly balloon (the effect being enhanced by the
Jorced mspirauons that precede coughing) and the surrpunding parenchyma
compressed before the advancing bubble  Ultimately 1t may reach an equilibrrum,
or 1t may contanue to expand until 1t bursts through the visceral pleura, producing
a preumothorax , or grow still vaster as ballooning congenutal cysts do, producing
mediastnal disp! and symp of

A simular mechanism 1s well seen 1n the tension cavities that accompany tuber
culosts, and 1t 1s pethaps significant to observe that remarkable thin-walled cystic
cavittes often appear during the course of acute staphylococcal pneumonias
These cavities are at first quite empty, but later have 2 level of staphylococeal
pus 1n them (by which alone they are to be identified as abscesses) and, now arded
by antibtotics, shrink and vanish as quickly as they came (Fig 135) It seems
probable that some at least of the balloontng cysts seen in children, when alveolar
and not bronchial tn type, may be ““ eysts ™ of this sort, secondary to an unsecog-
mzed staphylococcal pneumonitss, rather than cysts of congenttal onigin, more
especrally stnce the sudden onset of staphylococcal empyema 1 infancy was once
common and could be explained by the same process

The pneumatocoeles known as blebs and bullae appear first as a localized break-
down of alveolar walls weakened by nfection or by the degenerative changes of
chronic emphysema  The vesicle 15 then extended by the inherent stresses of the
lung, and finally blown up by a valvular ingress of airr  Blebs are defined as sub-
pleural collections of air caused by rupture of alveol: immediately beneath the
visceral pleura. while bultae result from the coalescence of one atveolus with

- - S .

w b= o anact

and stresses

= 1a mamanly

carlter age-groups 18 obscure but may depend UPON INHHLILVLY stavinis
termmal bronchioles by pneumomitss or, st has been suggested, by healed sub-
chintcal pal It 1s also fe that they might arnse

because of 2 congemtal defect 1n the bronchal wall, but this seems less Tikely

In 1afants they may attain great size, collapsing the lung from which they spring
44 2t 2 wm sha meadiactinum 11 the same manner as ballooring congemial cys\‘s'.

gresstve respiratory distress with Cyanosts acCOtipdiy ticnn, « o wip

from them produces either no effect or results in pneumothora¥ Ocnci‘;m?ﬁ}:{
sly as they appear, resembling tn thus respect the -

they vanish as my,sllenou y as they ‘Pp g M o Shete 15 com-

walled * ab of staph p
plete absence of lung n:arilggs on the affected side, but fine trabeculae may be
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Fc 135 (a and b) —Acute
staphylococcal abscesses n
the lung s mulat ng cysts

@

ACQUIRED CYSTS

Ad

e v




CYSTS OF THE LUNG

Fm 136 (2 and 5)—A ballooning
lung ¢yst n an adult patient
‘There 15 no evidence of emphy
sema In the rest of the Jung fields
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Fio 137 ~(a) A guant
cyst related fo the
i upper lobe in

hion 1l was excised
and fistulous com
munications  with

sutured (b)lhclunp
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CYSTS OF THE LUNG

distinguishable especially ut the base of the cyst ot the curvature of 1ts edge seen
1 the costo phrenic angle

Duning the second and third decades of life simiar blebs and bullae occur
but do not often reach the large proportions of mfancy  The lungs show no other
sign of disease and are not generally emphysematous, the cysts betng confined to
one area Whle they may cause dyspnoea by progressive enlargement therr (hief
importance at this age lies in their being the source of 1diopathic  or asympto
matic  spontancous preumothorax A hugh proportion of such pneumothoraces
arcchronic the lungnot re expanding within three months and frequentiy recurrent
They thus result tn severe tneap: often rijy prolonged by inade
quate or ill concerved treatment and carry as well a senious risk 1o hfe since an
fection or simlar acoident upon the opposite side 1s Iihely to cause death  In
spectton of the lung with a thoracoscope may reveal the collapsed and punctured
bleb but sometimes thus 15 not apparent and must be searched for at thoracotomy
fike a leak 1m a bicycle tyre

In the past such pneumothoraces have been treated by wducing chem cal
pleunsy with insuffiated 10dized talc or silver nitrate among many other irnitants
and winhdrawing air 1n the hope that the lung will adhere to the chest wall  The
process 15 punful not always successful and tends permanently to dimumsh
respiratory efficiency  There 1s hittle doubt that 1n most cases and certainly m
all those where the lung fais to te expand within a few weeks direct attack upon
the cyst provides the best hope of earlv and lasung cure  Even though the patient
may have a serously reduced respiratory cipacity either because of a large cyst
ot becaunse of a pneumothorax as soon as the chest 1s opened and the bleb punc
tured or the leak secured 1t 15 possibie 1o re expand the lung and restore mormat
respiration  These cysts can be separited froms the neighbouring tissue by sharp
dissection  The mienor s often mulhlocular being divided by trabeculations
which are characteristic when seen in X ray films  and at the base are usuafly a
number of small bronchal communications requiring closure  Such aperations
promptly carned out save the panent months of illness and distress as well as
avouding the mortat dangers of contra Jateral disease

The bullae seen 1n older men and associased with emphysema fortunately

do not have this tendency to burst perhaps because their connexions \\\:\!} the
' anac

<

become marked local excision of the Dultd JUUIUS Le vy oa = g
bably bitaterally

but ather bullae will undoubtedly be present 1n the fung pro
and each case must be judped upon 1ts merits and necessity
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CHAPTER 25

TUMOURS OF THE LUNG
VERNON C THOMPSON

THE ORIGIN of 2 pulmonary tumour is almost always from the cellular structures of'a
bronchus  Far the most common tumours are those ansing from the bronehat
eprthelium, Wnd 1n thus category carcinoma comprises 2bout 93 per cent

Although bemign tumours of the lung are comparative ranties their clinical
recogmition 1s of the utmost importance  If they are diagnosed and treated the
pragnosts for the patient 1s excellent  1f undragnosed they may ciuse death by thetr
complications or they may produce years of mvahdism

The following classification 1s offered as a basis for further study It cannot
claim to be complete as 1t omts such ranties as myoma endothelioma and other
pathological curiostties that have been reported from time to ttme , but it includes
the lecions of mawn chmcal importance, in a natural order of precedence

Prumary mahgnant Carcinoma
Sarcoma
{a) round celled sarcoma
(b) fibro sarcoma
{¢) lympho sarcoma
Secondary mahgnant  Carcinoma, sarcoma, elcetera
Benign Adenoma
Hamartomy
{a) chondroma
(b) fibroma
(c) ltppoma
(d) vascular hamartoma
Neurogenic tumours

PRIMARY CARCINOMA OF THE LUNG

Incidence and aetiology
v « sha cavac w tha metdence of primary
on i males as
from this age
mum incdence
chine  Mason

(1949) n fallows
1949) analystng 1 000 cases finds the incidence of age and pescentage as
g() ye':rs, 2 éspfci cent 30-40 96 40-50,309 50-60,37 6, 60-70, 18 6,;;:::
70,4 3 These figures may be taken to represent common experience in any ﬂfc
sertes of cases  There 15 no doubt that there has be;g a stead{{ ‘11:1:;[:5::)5: (‘jngzg)
the past 50 years
iinrce'vimce Ofﬂr'lzctrhzflhe e boﬁh sex;sfl!r;“s o )m the first quacter of the
306







TUMQURS OF THE LUNG

determimed with any certamnty  Much work has been done on thus subject, but
much more remains to be done ta further eluctdation of the problem

Pathotogy
Histalagy

There was considerable confusion about the histology and nomenclature of
carcinoma of the lung until Barnard (1926) following Turnbull aad Bactiett shawed
that malignant epithelial fumours of the lung were often pleomorphic, but all could
be derived from the b layer of the b heal mucous b Before
this date many of the primary lung tumours had been classified as “ oat cell
sarcoraa ”* or * lympho-sarcoma ™ of the mediastmum

Perhaps the commonest histological type of lung carctaoma ts the squamous
celled growth which evolves with lasia , q helium s not 2
normal component of the bronchus  For purposes of description carcinoma of the
bronchus 1s divided to three types

(1) The oat-cell carcinoma, so called 1 Great Brtan (Fig 138)  This erm 1s
employed because the cells resemble oat seeds, they have large darkly stamng
nucler and Nttle cytoplasm  They are in general undifferentiated tumours with
little fibrous stroma  In other countries they are usuatiy referred to as small-celied
or anaplastic growths

(2) The sq 1 (Frg 139), d of flattened squamous
cells with a varying degree of fibrous stroma often showing keratintzation  In
the more highly differentrated types cell nests are present

(3) The columnar-cell carcinoma (Ftg 140) i which the growth 1s composed of
well-established columnar cells which have an alveolar formation with well-
developed stroma There may be intra-alveolar papiliferous projections About
one balf of the columnar-cell tumaurs secrete mucus

Although these three mamn types are described, it 15 pot always posstble 1n any
partcular case to place a tumour m any one of these categones, for different typ:f

of cells may be found n the same tumour, and t { ceils such as spherord.
cells and polygonal cells are d  Theck of a group of tumows
wall therefore always depend to some extent on the personal optnion of the
pathologist

The merdence of oat cell and squamous cell tumouts 1s about equal  The leas;
common 1s the columnar-cell tumour which comprises only about 10 per cent of
the total )

Atk nh thare wyict he bl to any gt thix_c are
WS caliniug 1w vs v o
‘When 1t occurs 1n a major bruonchus 1t metastastzes early to the lymph noges wuth

fy (Rig 141)

tense with growth and the pencardium ss mvolved early

St cell . 15 more 1 efderly pcﬂp!e,\(\iams gcat:ykx: ;ﬁ
12 late It occurs, 4
alignancy It may grow very slowly and metastasize

Engglumaurx, with graaresr frequency 1n the myot broncht , but whea x(chl!cvcll;:Zx;s

penipherally 1t shows a tendency to break down 1n its centre and cavitate (Fig
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TUMOURS OF THE LUNG

Fi6 141 ~Qatcel] car
cinoma of lung showing
med astinal extensson in
volving and surrounding
great vessels  Autopsy
speaimen

Fi6 142 —-Squamous<ell car
cinoma of upper lobe showirg
necrotic growth with cavitation
s mulatng lung abscess Oper
auon specimen

In these cases 1t may extend centrifugally and tnvolve the chest wall before metasta
sizing  The adenocarcitoma 1s remarkable cluefly for its mcidence  Although
all other types are far commoner in men than women, adenocarcinoma s almost
equally divided between sexes It shows one other charactenistic which ts some
what exceptional  Ths 1s its tendency to spread by seedlings  once 1t mnvolves
the pleura the latter rapdly becomes coated with small seedlings which coalesce
and produce plaques of growth It 1s this tendency to pleural spread which has
often masked the primary tumour 1nd caused the erroneous diagnosts of endothe
lioma of the pleura  Adenocarcinoma also tends to seed itself bronchogenically
so that a small primary tumour may produce miliary bronchagentc seedlings
throughout the Jung
Macroseoptc appearance

About 75 per cent of all lung tumours artse 1in the major bronchr 25 per cent anse
in the smaller bronchi and are situated peripherally i the Jung  Seldom do
they occur 1n the trachea  Those occurning 1n the major broncht may present as
proliferatng endobronchtal tumours (Fig 143) or they may produce a funnel
shaped stricture by sub mucous infiltration (Fig 144) Eventually they cause
obstruction of the broachus with collapse of the alicolt distal to the growth This
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5 —Carc noma
Tos s tympangeont

i 146 —Carc o maof
the kel tower lobe with
metastases throughout
both lungs.










TUMQURS OF THL LUNG

Fi6 147 —(a) A hilar
mass m a young
woman, due to oat-
cell carctnoma, (5)
film taken on expira-
tion shows medastr-
nal displacement
away from the lesion
due to obstructive
emphysema by par-
tal obstruction, ()
film two weeks Jater
shows collapse of the
Tight lung due to
total obstruction of
the bronchus
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TUMOURS OF THE LUNG

Symptomatology

It 15 unfortunately well sut d by mass radi phy, and chance findings
on screening the chest at radsological examination for other lesions such as peptic
ulcer, that carcinoma of the Iung c1n be quite stlent and symptomless until 1ts intra-
thoracic extensions have rendered it tnoperable It 1s also not uncommon for the
first symptom to be caused by metastases  Before resection of the lung became a
safe and succeesful procedure, the outlook for patents with pulmonary neoplasms
was indeed hopeless and there was hittle to be pained by making either an early or
an accurate diagnosis  In spite of the prospects of successful surgery in certain
cases the prognosis 1s still grave, partly because of the silent onset of the dise1se and
partly because of the tendency to metastasize  The outlook however s not sograve
as to justify the pessimistic and fatalistic attitude that 1s stil prevalent and which
perhaps accounts for the long delay in diagnosts that occurs even when symptoms
are present  Bjork (1947) analysing 112 noperable cases found an average delay
of 8 4 months from the first symptom to reference to hospital Mason (1949)
found the average duration of symptoms n hus 1,000 cases was over 6 months  In
the wniter’s expertence at the London Hospital the average duration of symptoms
1s 7 months

Cough 15 the commonest first symptom—this 15 such a prevalent malady,
particularly 1n the winter, that it cannot be fully investigated 2t once , but when 1t
occurs in a panent over 40 and persists without adequate reason for more than 2 or
3 weehs a fuller investtgation 1s mdicated The other more common early
symptoms are chest pun, dyspnoea haemoptysis and lassitude  Haemoptysts 1s
a farrly dramatic event and should never be treated expectantly without proceeding

toadiagnosts  unfortunitely 1t 1s not the commonest first symptom  Brooks and
- R 0t SR b )

.

‘The symptomatology of carcmoma of the lung can only be fully understood by
reference to its pathology ~ When the growth s peripheral st s stlent until 1t breaks
dowan or ulcerates into a mayor bronchus, then st may cavse cough, haemoptysts or
purulent sputum from secondary infection  If 1t extends to the pleura st causes
chest patn, or it may announce itself by metastases

When the pnmary growth arises 1n a major bronchus 1t causes cough, possibly
haemoptysts  As 1t encroaches on the Jumen of the bronchus 3t may cause a pe;
sistent wheeze and dyspnoea by obstruction of the air-way Later there mayhc
obstructive emplysema with increase of breathlessness  This 1s fotlowed when t ;
obstruetion of the bronechus 1s complete by collapse of the Jung distal to the gmhwt
and complications due to infection ensue (Fig 147)  The symptoms may it cln
became those of pneumonta, bronchiectasts, lung abscess, pleursy or emP}'emm
Laoss of weight should never be regarded as a pure symptom of a prlmar}; gc;ouvsvcd
of the Jung  when 1t occurs mn associafron 1t 18 usually due to toxaem
either by metastasis or infection

The mode of onset of symptoms mn ¢rcl,
1t 15 possible to describe certan quite different clineal types of onset
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Fio 149 —Peripheral pot § TR
squamous-cell_car

cnoma A small

round shadow 1n a

60

sented with o chest
symptoms but with
marked pulmonary
osteoarthropathy
Treated by left
lower lobectomy
with immediate
relef of jotnt pans
and no evidence of
recurtence 3 years
tater

hospital with special departments patients may be referred on therr first attendance
to many different divistons of the hospital  The Department of Chest Disease
1nevitably invites the majonty of cases because of their frank pulmonary symptoms
The Department of Carsdiology sees a number of patients who are referred for
dyspnoea , and sometimes patients are referred with paroxysmat cardiac irregular-
1ties which are due to involvement of the heart itself by the growth Cases of
mediastinal obstruction and supenior vena cava obstruction also find their way to
this department  The Departments of Neurology and Neurosurgery see a number
of patients with primary carcinoma of the lung  Taylor and Watethouse (1950)
found that the first symptom was neurological in 6 1 per cent of their cases  These
patients fall into three citegories , they Ere mostly those with signs of a cerebral
Camad o e (G VAR TTha annmd -

patients complaiming of hoarseness due to paralysis of the left vocal cord by
inyolvement of the recurrent laryngeal nerve  The Orthopaedic Department sees
pattents with bone and joint parns or spontaneous fracture due to metastases
The Department of Physical Medicine may receive patients complaining of
generalized jomt pains described as rheumatism, which are actually due to pul-
monary osteoarthropathy (Fig 149) The Department of General Medicine

nr



TUMOURS OF THE LUNG

which always treats a number of cases of frank chest disease will also find pateents
with carcinoma of the lung referred for pyrexa, toxaemia or cachexia without
dominant chest symptoms  This department will also find a smaif number of
cases among those referred for abdominal symptoms

Phystcal exarunation

There are no physical signs which are absolutely conclusive 1n diagnosing
carcinoma of the lung except those of inoperabtlity In early cases no abnormality
whatever may be detected on ordmnary chinical examunation

The physical signs 1n the chest teelf are those of the varred lung pathology which
may be caused by the tumour and s complications  Imparred arc eatry and a
persistent rhonchus may be caused by partial bronchiai obstruction , later there
may be signs of pulmonary collapse with shift of the trachea or apex beat towards
the side of the lesion and ympaired breath sounds and tmpaired resopance to per-
cussion over the collapsed portion of the lung (Fig 150)  Obstructive emphysema
may cause hyper-resopance and almost absent ir entry when the bronchus is
obstructed only on expiration

. LRIt - —~

to percusston and displacement of the mediastinal structures away from the

growth
The physteal signs of the Jung lesion may be marked by the signs of pleural
effusion When plearal effuston s ted with Jerlying  pul y

atelectasts the displacement of the mediastinum that might be expected as a result
of the fluid 1s counteracted by the opposite pull of the collapsed lung
The general examination of the pattent must be thorough It will not help
sn diagnosing the early case , butitis essential to correct treatment and may reveal
that dicat No part of the body 15 guite ymmune

from metastases Spectal attention should be pard to the nervous system, the
supraclavicular lymph nodes, the skeletal system, the hver and the skin
Fever and cachexta are signs of secondary infection or metastases  The time to
diagnase careinoma of the fung 1s when the patient 1s still 1n good health, not when

* he looks Iike a case of cancer ™
Special investigations e etopy, the
. o “hah ctory,

¢ com-
ahe of

exclude a positive diagnosts ot growth

Radiograplic exammation o
Tumours artsing i 2 myor bronchus cannot be revealed by a plan x-ray ‘I:“als

they cast a shadow either by their own bulk or they produce complications sud!

mphysema 1s suspected chmcally, it
preumomia or atelectasts  If obstructive emphy: ’annm chnicaly, »

should be clearly indicated to the radtol is
the normal ﬁlm{akcn on waspiration, but it becomes qutte obvious if films aretaken
on expyration as well (Fig 151}
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FIG 150—(a) An
indefinte shadow
below the left hilum
due toan anaplastic

weeks later show
g collapse of the
left Tower lobe with

small  pleural

effusion
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TUMAURS OF THE LUNG

‘With the proviso that eatly growths cannot be disclosed by routine chest films,
118 true to say that sooner or later the growth can be discovered by radmlogy'
In actual practice the great majonty of growths of the lung are detectable by x ray
examination by the time the patent seeks medical advice The radiological
preture 1s esther one of pulmonary obstruction and its sequelae of collapse and
wnfection (Figs 152 and 153), or the opacity seen in the radrograph 1s caused by the
mass atself, 1 which case the tumour 1s usually peripheral The penipheral
growths may appear as solid rounded or lobulated shadows, often wath an il
defined edge with radating striae extending from 1t, or they may show a cavity
with a fluid level due to necrosis in the substance of the shadow (Frg 154) Mason
(1949) found that i 64 per cent of cases the picture was one of collapse, and 1n
about 10 per cent a cavity numicking a chrome lung abscess was seen

Bronchoscopy

- 40 tene .

a simple and harmless procedure, tumours tnvelving the major broncht dre seen
directly and a biopsy can be taken  1n other cases though a biopsy may not be
possible the diagnosis may be inferred from narrowing, ngidity and distortion of
the bronchial tree, when these findings are assocrated with the radtological appear-
ances Apart from diagnosis bronchoscopy 1s an essential investigation
determining the operability and the correct treatment of pulmonary tumours

Only a hmuted part of the bronchial tree 1s visible on bronchoscopy, so negative
findings do not necessarily exclude a diagnosis of carctnoma

Sputum exammnation
Sputum examination 1s not an important matter 1n establishing the diagnosis

when the bronchoscopic findmgs and particularly the biopsy are positive , but

when bronchoscopy 15 negative, examination of the sputum for mahignant cells 1s

of considerable value s
. -

which cannot be excluded from any well organizeu Cligsl ubin, vus s v .
depends entirely on the individuat skill and expenence of the pathologist who
examines the sputum  When bronchoscopy gives no positive evidence sputum

may reveal cells 1n those cases of peripheral growth i
which there 1s central necrosis and ulceration  but sputum exumination may sull

be negatnve if the growth 15 penipheral and symptomfess

Br =etameanty

an
UL 1 woun
segmenlallﬁlhng defect by bronchograpx‘ly . uuy u: - coilaps: distal to the

which the pi

r
obstruction
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FiG_ 15! —Obstructive
emphysema_due to
carenoma of the keft
main bronchus ()
onnspiration shows
1o gross abnormal ty
though there 1s medt
astinal_displacement
1o the kelt and some

taken In exp ration
shows falure of the

astinal displacement
to the mght  On
physical examination
there was no air entry
1o the Ielt lung  The
patient was breath
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Fla 152 —Collapse  of
 ght upper lobe due to
caronoma of bronchus
treated by pneumonec
1omy  {a) before opera
ton (b) 2 years after
Pneumonectomy




PRIMARY CARCINOMA OF THE LUNG

If senal skiagrams show that a shadow 1n the lung field is growing steadily 1
stze 1t 15 almost certainly a growth

A wedge shaped opacity cor with a 'y segment
1s due to bronchial obstructron and in pattents over the age of 40 the most probable
cause of the obstruction 1s neoplasm

The peripheral carcinoma that breaks down and presents radiographically as
an abscess with fluid level can be differentiated from a chromie lung abscess by the
character of its wall  In neoplasms the wall 1s uneven and presents irregulanities
and bosses which are never present 1 a pure pyogenic abscess  The chimical history
1 these two conditions 15 also charactenistically different In chronic abscess
there 1s usually a history of copious purulent sputum 1n neoplasm the sputum 1s
less 1n amount and generally 1t 15 persistently blood stained

The solid tuberculous focus may present great difficulty m dnffer;nhal diagnosts
As a rule tuberculous lesions 1n the lung are not sohtary so the difficulty does not
oftenanse  The presence of tubercle bacilli 1n the sputum 1s confirmatory evidence
of tuberculosis but this finding does not necessanly exclude a diagnosis of car
cinoma for the two diseases may co exst A period of observation by repeated
X ray examination 1s justtfiable only if the chimcian makes the reservation that the
lesion should be regarded as a growth if 1t becomes larger

Treatment

The treatment of chorce for carcrnoma of the lung is resection  In most cases
total pneumonectomy 1s required For technical reasons alone 1t 1s usually
necessary to remove the whole ung tn order to remove the growth  Itis desirable
when operating for mahignant disease to perform a so called radical operation by
excising the area of lymphatic dra nage together with the tumour  This type of
operation can only be It d by total y Even so the
operation cannot be regarded as a complete radical exaision as the lymphatics
transgress the midline and are not all accessible to the surgeon

The operation of lobectomy permits only a linmted excision of lymphatics
but 1t has a defimite and valuable place 1n the treatment of lung cancer  The loss
of a whole lung may cause serious incapacity to a patient over the age of 60 the
loss of a lobe produces httle dicability Patrents with low cardio respiratory
reserve may d ¢ of heart faifure after total pneumonectomy or they may survive
only to be crippled by dyspnoea  The preservation of healthy lung tissue in such
patents 1s often of more importance than the hypothetical value of a rad cal
operation

The mal gnancy of prmary neoplasms of the lung vares enormously and the

no 1< after operation seems to depend more on the degree of malignancy than
+ d cal nature of the operation

1 tory statistical evidence exists as to the operabil ty of malignant
ee and ' Y
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Tomography

In delineating the depth, the shape, the edge and the relations of certatn ndefinite
shadows tomography has some value but it cannot give a positive diaghosis
Tomography may be lead loyed to d strictures

when 1t 15 employ
of the bronchi  none of the broncht 1s quite parallel with the plane of the tomo
graph and even when normal they may appear to become narrowed as they transect
sthe level at which the film 15 focused

Aspration bropsy

Aspiration biopsy and drill bopsy are d only to b» de d as
normal methods of mvestigatton  These procedures should be employed only 1n
cases 1n which 1t 1s clear from other investigations that the lesion 15 1noperable

but almost certainly 1 If applied 1nd they may lead to

1l such as p horax, emp and of the growth
They are only of value 1n determuning of prog; and y to
radiotherapy

Dufferental diagnosts

It 1s clear from the preceding sections that there must be a full investigation
of patients susp d of pul, Yy P! and the steps 1n this investigation
have been deseribed  There will remain a small proportion 1n whom the diag
nosis will stll remain 1n doubt These are the patients 1n whom the leston 13
beyond bronchoscopic vision and radiology presents a persistent abnormality
In this connexion 1t 1s jmportant to consider the observations of Raeburn (1951)
who repards bronchoscopic evidence as a fairly late sign of most pulmonary
neoplasms  Even so there are at present certain Iimits to our powers of diagnosts
and we cannot claim to be able to diagnose carcinoma of the lung in the presence
of normal x ray examination a normal bronchoscopy and a negattve sputum
examination

The differential diagnosis therefore limuts itself to the interpretation of x ray
shadows when bronchoscopy and sputum examnation are negative It 1s of
course possible that diagnosis may be delayed by failure to employ bronchoscopy
and sputum because the radiol 1 shadows resolve as a result of
chemotherapy The antibiotic drugs are mow so successful i resolving the
infective complications of new growths that there 15 a senous danger that they
may even further delay the diagnosis of the primary bronchial tumour  Patients
with atypical pneumonia of any sort that does not resolve symptomatically am}

radiologically within one month from the date of onset, should be suspected o
' F ad mann A sl Nact nf the delave in diagnosts are due

- fcases
logical
scopy

i nce
and sputum examunation It s 1n this particular group that the skull the experict
i of supreme 1mportance The type of

and the judgment of the clinicran becomes
case that falls mto this difficult category 1s the patient whose radiograph shows :1’;
atypical penpheral shadow It 1s beyond the scope of this chapter tg (&;ASCﬁSS
the possibilites of diagnosis, but certain general principles may be laid dow
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symptom until the patient comes to operation  On the other hand mass radio-
graphy has revealed many patients without symptoms in whom the lesion 1s
inoperable, and many more patients present with iitial signs of mnoperability
such as Although lity rates may be d by more dihigent
and hods of d 1t seems that a large p of
patients with carcinoma of the lung will be unswtable for operation

Brock (1950) reports that of 800 cases seen in the years 1941-48 the operability
rate was 13 25 per cent, of 449 cases seen 194548 the operability rate was 19 per
cent showing an 1ncrease 1n operability rate in the later years These figures are
probably higher than the general figure as the patients seen by an individual surgeon
or mn a surgical umt are preselected  In general the operability rate 1s low, it
reflects the farlure to diagnose the condition at an early stage

The diagnosis of inoperability —Durning the routine examunation and investigation
attention should be directed not only to the diagnoss but also to the prospects
for successful ge d by its normal d
changes such as myocardial weakness and pulmonary emphysema must be assessed
1n relation to the discase  Age 1fself’ 15 not a contra-indication to operation, but
there are few patients over 70 who have sufficient cardio-respiratory reserve to
survive with one lung The main general contra ndication to operation 1s
dyspnoea  Chronic nephritis, diabetes, hypertension and simifar general condrtions
are not contra.ndications to operattons for cancer

The extenston of the growth 1tself either by direct spread or by metastases 15
the usual sign of noperabihty This extension should become evident 1n the
nvestigation of the patient  Particular attention should be paid to the central
nervous system, the skin, the lymph nodes, particularly those 1 the supraclavicular
region, and to the liver  Pain whuch 1s not related to the actual site of the tumour
may pomt to metastases tn bone or even 1n skeletal muscles

Nerve mvolvement within the chest may affect the recurrent laryngeal nerve
producing hoarseness by paralysss of a vocal cord  Tumours at the apex of the
lung may involve the brachial plexus and the sympathetsc trunk, producing a
Horner’s syndrome and brachial n:uralg::L The phreglc nerve may be wnvolved

sten monl an.

trachea, or the growth may be seen to 1nVOIVe LNest SLULLLLLS uiveny

Pleural effusion 1s not always a sign of tnoperability  If the effuston 15 deeply
blood statned 1t may be taken to denote pleural involvement, but if 1t 18 clear o
even purulent the effusion may be the result of infection and 1n thts event the lesion
15 not necessanly inoperable

Direct involvement of the chest wall as tndicated by nib erpsion 1s not a camm]-
mdication to operation as 1t 15 often possible to remove a part of the chest wal
en masse with the lung or lobe (Fig 155) . .

In spite of the most careful mvestigation there will re
m whrfm operability can only be decded by thoracotomy When there :s }:;::
absolute contra-indication the patient should be given the Chmc; of suwx;)V:vc‘the
only surgery can offer At operation every effort should be made to re
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growth if this 1s techncally posstble  Even 1f the operative findings point to early
recurrence removal of the lung or lobe 15 the best palliative treatment once the
chest has been opened  Removal of the growth should include the mediastinal
lymph nodes, but 1t may also involve resection of a part of the chest wall, the
diaphragm or the percard and even 1n P 1 cases a part of the wall of
the left auricle  Some cases will defy the most herotc attempts at removal par-
ticularly when there 1s massive mediastinal involvement  In the writer's experience
of 232 operations for carcinoma of the Iung 1n the period 1941-51, 27 per cent
proved 1noperable at thoracotomy

Results of resection

The first successful pneumonectomy for carcinoma of the lung was carried out
by Graham 1 1933, this operation was the hgrald of the great advances that
have been made 1n the surgery of malignant disease of the lung  The technical
difficulties of the operation and of anaesthesta have been overcome, so that now
1t 1s possible to remove a lung or a lobe with few techmical complications
Operitive mortality depends not so much on the character of the operation as on
the generat state of health of the patient  The antibiotics, particularly penicillin,
have contributed largely to safety  Before the pemcillin era healing of the bronchial
stump, which was almost invariably infected, was an uncertan feature of the
operation and bronchial fistula was a common occurrence Infectton of the
remaiming {ung was also & serious contribution to morbidity and mortality  In
the writer’s expertence mn the years 1941-45 the operative mortality was 28 per cent
and the wncidence of bronchtal fistula was 48 per cent  In the years from 1945-51
the operative mortality was reduced to 7 per cent and th.e ncidence o‘f" b{onchl‘al

There are occasional examples of patients with growths ot low graue mdnginiiy
who have survived for several years without resection of the tumour There are
also innumerable examples of patients with tumours of ligh grade malignancy
who have died of dissernated metastases m a few months or even weeks If
patients survive for more than
for later recurrence to occur
first year after operation , tht
operation for advanced malignant disease
resection 1s employed as a palliative procedure die within 1 year
Table shows the fate of 91 patients (8019,“_48 and
operated upon by the writer in the years

pSmce 1938 theyopcmnvc mortality has been reduced , but it 1s unlikely that the
3.year survival rate will be improved unlesB ;;]utlentsl ézre a}rall:bé;siz;e%p::‘x:ﬁr;

ther authors have

at a much earlier stage in therr disease oot ihey were published

results, which are perhaps a httle less favaurable
earlier 1n a period of mmp g techmques 1n and hsurﬁ?{’a:;fl;
Edwards (1946), Ochsner and DeBakey (1948), Brock (1948), Churcl

colleagues (1950)

Most of the patients tor wnom
The following
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TABLE
ResuLTs o 91 OPERATIONS FOR MALIGNaNT Disiase

Result | Number of cases | Percentage
Post-operative deaths { 2 { It
D ed of fecurtence in the st year ) I oy
D ed of recurrence 1n the *nd yesr 1t T
D ed of recurrence m the 3rd yeus 2 )
Deaths fiom other causes & ]
Surv vors 31 m

‘When the growth has extended beyond the lung erther by glandular metastases
ar durect spread the prognosis after surgery 15 vastly altered  An analyss of the
Wnter s cases shows that when there 1s o extension beyond the Yung the 3 year
survival rate was 60 per cent but when extension has occurred the surval rate 15
seduced to [57 per cent A 60 per cent 3 year survival tate after resection for
malignant disease offers a fuir prognosis to patients and should be 4 ,o
ncentive to carly dragnosis greal
Deep x ray therapy

Radiotherapy ks somettung to offer to pitients with new prow ih,

s of the Ju
h N,
!:u( s p"si‘h‘h".“ aie‘ imited 'ar'n\d s employed m:nn){ 25 a palhative  The

iy . ' N o

' v i P T |

which oceur 1n young people and rapidly produce symptoms &
’ of med)

sbsu;_u:noni T,.hc_ pmgno)s.xs u: such cases 1s almost hopeless bug the symnty

1OWing
astinal
om 1
Do LA -
v . \ )
drugs should be geven to clear up the infecion before the reatmeny e vsote
The best prospect for radiotherapy 15 probably m those cases Z lflarftj

growth in which surgery 1s contra mdicated only by old age of dyspy a:;m?“‘m\

. o

Pathatne treatm m
Apart from ridiotherapy the palltate treatment of Catctmomy oy
consests of the relief of pun the relief of cough the treatment of mfe of the tuny
eehef of dysproea CUON and (he
There is much that can be done to 1acrerse the comlort of patients

cancer of the lung  Morphine and s dernatives are invaluably Rmu;"ilwptrab!e
- tha 13 0

prentn a4 fasty & namnble  ag fn o o~es

v - . . upe o ou s tumgy, Lo
neurcctomy 1 impractical as the nerve roots themsehes are oflgy ”:S ’;‘krmu)
talved
n
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these cases the op of v 15 often ble and earas the deep
gratitude of the patient

Severe toxaemud and copious sputum may result from infection of the Tung
distal to the growth  Remarhable symptomatic 1mprovement can be obtamed in
such cases by the employment of sutable antibi drugs, of which penseillin 1s
at present the one 11 most common use

Pleural effuston may cause distressing dyspnoea, and should be aspirated when
indicated o reheve symptoms  If the effusion 1s infected it should also be stenlized
by the introduction of antibiotic drugs

ALVEOLAR-CELL CARCINOMA AND ADENOMATOSIS
This section would be incomplete without reference o a type of tumovr which 15
Teceving increasing attention in the hiterature, to which the reader 1s referred for
further information
The d 15 bed as alveolar-cell tumour, alveolar carcinoma and
pulmonary adenomatosts It bears a close simulanty to a condition found n
S ey o st KB

nemalin  Tha ma n charastarcfioe are

acceptance of the nature and pathology of the fesion  There (s tor 1nstance no
agreement that the alveoli normally have an eptthelial imng  Many pathologists
segaTd the tumours as adenocarcinomas, which are showing bronchogenic dis-
semination  Chmicafly the fesion behaves as a [ow grade mafignant growth,

caustng haemoptysis, dyspnoea and cough  Ultimately unless resection 15 success~
ful, the patient dies of asph or As far as 18
concerned surgical removal of the tumour offers the best hope of survival  Ikeda

{1945} has discussed this conditton fully, and Griffith, McDonald and Clagett
(395D) have reported 7 cases and made a statistical ~«>tudy of 51 other cases reported

1n the literature

SARCOMA OF THE LUNG

Primary sarcoma of the lung must be considered rare it 15 usually difficult to
make the diagnosss during hfe without operation as these growths are seldom
visible on bronchoscopy
Round-cell or spindle-cell growths may occur as highly malignant tumours
1n young people They may present with symptoms of pam or toxaemua and
di by will a pul ry mass  In the absence of metastases

they are best treated by a combination of surgery and deep x-ray therapy but the

rognosis 15 poor

P Ffbm-snrcgma of the bronchus 15 2 great ranty that may be detected on
bronchoscopy , and may present with the signs and symptoms of bronchiat
obstruction  These tumours are of low-grad and the p 5950}
after removal of the growth 1s good  The subject 1s fully discussed by Black (i

and by Carswell and Kraeft (1950)  The writer has seen only t case of :jhxs ton;_
dition, 2 child aged 2} years who has survived for 7 years without evidence O

recurrence after local excision of the tumour
Lympho-sarcoma usually 1nvolves the lung secondanly from an ongw 1 the
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Fig 157T—A ‘cannon
ball » secondary sar-
coma  Similar appear-
ance 1s often produced
by secondary hyper-
nephroma

TUMOURS OF THE LUNG

FiG. 156 —Multiple
metastascs in  both
lungs from carcinoma
of the prostate
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Fic 159 —Adenoma of branchus showing
distenston of the bronchus by the tumour Fia
distat Roltapse, fibrosis and bronchiectasis
Operation specimen

160 —Bronchial adenoma (X 250
Reduced one quarter on reproductton)

extra bronchial extension  The tumour 1s polypord and 1s covered by intact
mucous membrane  As 1t grows 1t distends the bronchus and compresses the
surrounding tissues (F1g 159) Histologically the tumour 1s covered on its exposed
surface by bronchial epithelium from which 1t 1s separated by a layer of connective
tissue  The cells of which the tumour 13 composed are arranged 1n sold acini,
they have a remarkably orderly and umform appearance Mitotic figures are

rare (Fig 160)

Chnical course

As the tumour grows it obstructs the bronchus, and fike certam forms of
carcinoma 1t gives rise to bronchral obstruction, with complications due to
bronchiectasis and infection (F1g 161) Before complete obstruction occurs it may
grve nise to symptoms such as cough, haemoptysis and dyspnoea  Onge tnfection
has supervened the sputum becomes purulent and sigas of toxaemra such as fever,

malaise and foss of weight occur
The correct diagnosis can only be made by biopsy, otherwise the signs and
closely ble those of Ad may be suspected as
h of Mistory, which may extend over many

opposed to carcinoma by the fengt
years, and by the youth and sex of the patient Haemoptysis is 3 commoner
Y 1 ads than at times 1t may be severe and 3t may
occur as the only symptom with long intervals of freedom, or 1t may be associated
with attacks of so called ** pneumonsa
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FIG 162 —Chondromatous hamartoma  The Fic 163 —Chondromatous  hamartoma
ghstening white chondroma 13 enveloped showing cartilage fibrous tessue and cletts
hined by eprthelum (x 44  Reduced one

n a well defined capsule
R quarter on reproduction)

elements of normal pulmonary tissue  The mass 15 likely to contain cartilage,

epithelium, fibrous tissue fat and vascular elements They are Irable to be
described as tumours of their most dominant tissue component The most
common and charactenstic hamartoma is marly cartilagmous and may be
reported as a chondroma (Fig 162) A careful histological examination reveals
that 1n addition to cartilage there are clefts ined by columnar or cubordal ep:
theltum and separate areas of fibrous and fatty tissue (Fig 163)

The rate of growth of these lesions has not been determuned , 1t may be that
growth occurs only par: passu with that of the wndividual  There is no evidence
of malignant change, but such a possibility should not be disregarded  Carlsen
and Kiaer (1950) have described the pathology of these tumours in considerable
detail
Cartilage 1s not necessanily the main constrtuent, and 1n some instances the
tumour may be described as a fibroma z fibro adenoma or even a ipoma  Many
of the reported examples of this condition have been chance findings at autopsy
orn operation specimens  McDonald, Harnington and Clagett (1945) reported 23
cases, of which 20 were found at necropsy and 3 were removed surgically  Most of
these tumours ™ occur in pertpheral parts of the lung, they cause no symptoms
and require no treatment (Fig 164) When the lesion 15 endobronchial 1t causes
bronchual obstruction with complications of distal collapse and infectron I the
lesion 1s Je to the br 7 d may be proved by biopsy
In these cases, 1n which the leston produces symptoms, the correct treatment 1s
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Fic 165 —(a and ) Vas
cutar hamartoma
(multiple cavernous
hacmangiomas) In
definite rounded
shadows 1n both lower
lobes m a woman who
showed the class cal
signs of cyanosis poly
cythaemia and clubbing
with telang ectays 01
the face and lips
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of the major lesions in which a shunt occurs  In the case of a large solitary
arteriovenous fistula a cure can be expected by lobectomy, and this 1s the operation
of choice (Fig (66) In some mstances such as that reported by Jones and Thomp-
son (1944) total pneumonectomy 1s required

Local exciston of the lestons, even when large, 15 possible 1f temporary clamps
are apphed to the pulmonary artery and vemns, but there 1s a nsk of cerebral
embolism from a clot 1n the proximal part of the higated ven  Thus accident has
occutred 1n the experience of the writer  Janes (1944) was the first to report a
case treated successfully by brlateral local excision

NEUROGENIC TUMOURS
Tumours may anse from the nerves that supply the bronchi  They must be
considered extremely rare  The wniter has observed 2 cases in which a neuro-
fibroma arose m close connexton with a bronchus  Both were removed without
the necessity of resecting lung tissue  Diveley and Daniel (1951) report a case
1m which a nevrofibroma was situated in the middie lobe and treated by lobeciomy.
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further by showing that sera from patients fixed complement with Coxsackie
virus 2 antigen

Patients should be treated by bemg kept 1n bed unt:l 48 hours after the pyrexia
and pain have subsided There 1s no specific treatment but ordinary methods
should be used for the relef of pain
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CHAPTER 28

DISEASES OF THE MEDIASTINUM
KennerHt M A Perry

THE MEDIASTINUM Occupies the muddle of the chest and hes between the two Tungs
In 1t he the trachea, oesophagus and heart  Diseases of the oesophagus and heart
are usuaily considered 1n treatises on the digestive tract or cardiology and will
not bz discussed in this book  Enlargement of mediastinal glands results from
reticuloss, d and dary and 1s di d in the chapter

dealng with these subjects

MEDIASTINAL DISPLACEMENTS

In a healthy patient the mediastinum s freely mobife and 1s readily displaced by
disease n either lung  Even lying on one side causes the mediastinum to shift
to the dependent position  The mediastinum shifts towards the side of the lesion
when there s fibrosss 1n the lung or when collapse occurs, and 1t 1s pushed away
from the side of the leston when air or flmd 15 present in the pleural space  In
certain cases of pneumothorax there may be ballooning of the pleural cavity
between the aorta and the oesophagus giving nise to a mediastinal hermia (Fig 170}
Displacement by fibrosis occurs particularfy in umilateral upper [obe fibroid phthisis,
while collapse g1ving nse to bronchiectasis or caused by neoplasm 1s also a common
cause of shift of the mediasinum  Perhaps the most common cause, however, 15
a pleural effusion and if this 15 present without shift 1t may be suspected that there
15 an underlying carcmoma fixing the mediastinum  Expanding tumours and
aneurysms of the aorta are other condions which may cause the medastium to
be displaced In kypho scoliosis there 18 gross distortion and twasting of the
mediastinum which 1s nearly always assocuated with severe chronic bronclutis and
emphysema

Mediastinal displacement gives nse to no symptoms, unless it occurs suddenly,
when the patient may complain of sudden collapse and weakness  On exanination
the trachea will be felt to be displaced and the apex beat and area of cardiac
dullness will also be displaced  Fluoroscopy 1s sometimes of great value since tt
may show a ging shuft of the d during resp , which 15 not
shown by the straight skiagram  Narmally, however, mediasunal shift s quite
evident 1n a skiagram of the chest  Mediastinal displacement in 1tself does not
require treatment This should always be directed to the underlying condition

which has given nise to the shift

MEDIASTINAL EMPHYSEMA

Atr may reach the mediastisum along the fascial planes of the neck, through a
perforation of the trachea, oesophagus or bronchus, from the retro peritaneal
space, or from the mterstiial ssues of the lung, and 1t 15 thearetically possible
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MEDTASTINAL EMPHYSEMA

patticular tmterest 1 that 1t may occur 1a an apparently healthy individual without
any evidence of increased 1nira alveolar pressure  Since the condition has a
tendency to recur 1t seems possible that the cause 15 1nt snhented defect in the
tissue of the alveolar wall

Mediastinal emphysema may rematn confined within the mediastinem or 1t may
escape 1nto the subcutancous and deep tissues of the neck through the dia
phragmatic opemngs to the retro peritoneal tissue and into the pleural cavity
A small amount of air 1n the mediastinum wil) probadly cause onty rivial symptoms
Larger amovunts will cause pain in the chest and difficulty 1n breathing nd the
patient may he flat in bed trying to suppress bis cough  Further wncrease mn the
mediastinal pressure gives fis¢ to symptoms strtilar (o those of mcreased pencardial
pressure the veins collapse and the flow of blood into the heart 1s dimintshed
If the pressure nses sufficiently high the circulation may come to a standstill
as thes happens shortness of breath cyanosis and pulrhonary oedema may develop

On phystcal examnation of the patient if there 1s subcutaneous emphysema of
the neck 1t will be evident to the touch  The most characteristic physical sign of
mediastinal emphysema however consists of crackles bubbles or churming
sounds heard with each contraction of the heart These may be heard only
during systole but sometimes they occur throughout the whole cardiac cycle with
decentuation during systole  Besides these charactensuc signs there may be
obltteration of the cardrac dullness and perhaps evidence of increased medtastinal
pressure presenting as dyspnoea cyanosis engorged veins and circulatory fatlure
If preumothoraces are present the signs of that condition will be evident  Skia
grams of the chest may show collections of arr quite planly but sometimes only 3
few streaks may be seen 10 the mediastinal ussue between the heart and the chest
wall 1n the lateral view A sharply defined transtucent band outhrung the peri-
cardtum especially along the upper part of the left border 1s a charactenisuc finding
Pneumothotaces are evident if they are present

Treatment

A small amount of air 11 the mediasteaum is of 4o consequence s the aie ts soon
absorbed U tenston pneumothoraces are present it 1s tmportant to 1asert o
needle mto the pleural cavity and attach it 10 an under water drawnr  If pressure
on the medistinum atsclf gets high a catheter inserted mto 1t through the jugutum
may give cehiel  IF theee 18 cardiac embarrassment this may be treated with otygen
and sumutants given to combat anovs and shock  Morphine should be gnen
10 relieve parn

ACUTE MEDIASTINITIS
Acute medisstinstis may occur with or without suppuration  Simple mediastanuis
mostly results from licer1tons of the oesophagus and traches or from infunes
of the chest wall or sternum which cause hacmorrhage It may however spread
from inflammitory processes in the lungs pleurae penicardum  pertoncum
sternum or vertebrae  Suppurative mediastinilis 1s a more common cond tion and
Neuhof and Jemenn {1943) and Pearse (1938) have shown that about hall the
cases result from trauma particelarly perforation of the oesophagus  This may
ogeur sp y i cases of of the b: but more often g 1s
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DISEASES OF THE MEDIASTINUM

front of the chest and abdomen are dilated and the flow 1n these will be downwards
Carlson (1934) states that obstruction of the SUpErIor vena cava IS more severe
when 1t occurs below the entrance of the azygos vein and Hinshaw and Rutledge
(1942) have shown by nfra red photography that entarged veins extending over
the costal margin on to the abdominal wall are seen only when the azygos 1s
included 1n the obstruction

X ray examination may help 1n the diagnosts by showing widening of the supertor
mediastinal shadow, but this by atself 1s not sufficient to warrant a diagnosis of
chronic medrastimitis 1n the absence of obstructive symptoms

Treatment

Venesection frequently gives temporary relief to patients with chrontc medi
astimtts  Syphilitic cases should be treated with arsenic, bismuth and mercury as
described in the chapter on syphilis  Actinomycosis will respond to treatment with

four million umits of pemeillin daily for 6 8 weeks
The me blam £ She

G . .

of

superior vena cava , but Tubbs (1946) states that 1t 1s not warranted, as it has been
shown to be hazardous and often, 1f not always frintless In addition there are
many cases reparted who show that the conditton 15 compatible with a long Lfe

without discomfort
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CHAPTER 29

CYSTS AND TUMOURS OF THE MFDIASTINUM
GFOrFREY FLAVELL

UnTiL comparatively recently the mediastinum was regarded almost as an
abftra‘ct anatomical convention , and 1t 1s oniy 1n recent years that advances n
T gy and in the tech of thoracic surgery have revealed its practical
mmportance and ity pathological diversity  Tn particular the creasing use of
mass radiography has fed to the early recogastion of a bewildering vanety of
cysts and tumours, and to their early removal Diffening 1n their anatomical
relationship within the mediastinum and i their histological character, many
of these lesions none the fess owe their ongin to a common factor—the develop-
mental complexty of the remon  For it is upon this narrow stage that the more
caudal of the branchial arches develop , that the primitive foregut buds off its
puimonary diverticutum, which in turn descends into the thorax branching and
dividing into the ultimate elaboration of the bronchial tree, that the enteron
uself differentiates  that the heart and great vessels undergo their foetal mutations
to reach therr adult state  that the pleural and pencardial cavities are fashioned
from the infoldings of the simple coelom , and the whole cut off by the formation
of the diaphragm from the septum transversum  In addition to those growths
which may be attnybuted to developmental faults, there remain others ansing
from the great diversity of adult tissues actually within or closely related to the
medsastinum , and the nichness of its lymphatic connexions in turn make 1t a
frequent site for metastatic deposits from more distant organs, n particular from
the lung  Such secondary growths will not be considered here, though they
mevitably feature i the differential diagnosss of primary tumours as they may
occur where ever lymphoid tissue 1s to be found in the mediastinum
Tnvestigation of medinstinal growths must always include good fateral, and 1
necessary, obligue skiagrams, as well as antero posterior views  Radological
screening is indispensable for testing mobility and watching pulsation A banum
swallow shows displacement or obstruction of the oesophagus , while tomography
1s somettmes useful 1n fiving exact relationship and revealing cavities  Broncho-
scopy and oesophagoscopy are chiefly of value in excluding other growths, but
may fix a pomt of compression from without  The induction of an artificsal
p or p ttoneum m1y assist dwagnosis  Thoracoscopy
has been employed, but 1s seldom conclusive
8 cysts, and 1 growths will be found pos
tertorly , dermonds, teratomas, cysts of the pericardium, thymomas, and thyraid
adenomas anteviorly  But others occur in any situation and much else remains
to be differentiited
Ancurysms of the great vessels, or of the heart, may be confissed witlt aew
growths, and must be disungusshed from them by fadiological evidence of
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CHAPTER 29

CYSTS AND TUMOURS OF THE MFDIASTINUM
Grorrrey FLAVELL

mparitinely recently the mediastinum was regarded atmost as an
n tomeal convention, and 1t 1s only 1n recent yers thit advances in
wd n the techmques of thoracic surgery have revealed its practical
we nd 1ts puhological diversity In particular the increasing use of
1y riphy has led to the early recogmition of 1 bewildening vanety of
11 wnours and to therr early removal  Differng 1n their anatomcal
1p within the medistinum and 1n their histological character, many
i 1oms none the less owe their origin to a common factor—the develop-
ifexity of the region  For 1t 1s upon this narrow stage that the more
be branchual arches develop, that the primitive foregut buds off its
-« dierticulum which 1 turn descends into the thorax branching and
« nt tle ulmate elaboration of the bronchal tree, that the enteron
ttselt diflereniites  that the heart and great vessels undergo their foetal mutatons
to reach thewr adelt state  that the pleural and pericardial cavities are fashioned
from the mfoldings of the simple coelom , and the whole cut off by the formation
of the duphrigm from the septum transversum  In addition to those growths
Uv 111y be attnbuted to developmental faults, there remain others arsing
. div 11ty of adult tissues actually within or closely related to the
1d the ichness of its lymphatic connexions 1 turn make i 4
s Ut tor metastatic deposits from more distant organs, in particular from
the luny  Such secondary growths will not be considered here, though they
mevitably feature in the differential diagnosis of primary tumours as they may
occur where ever lymphoid tissue 15 to be found 1n the mediastinum
Investigation of medristinal growths must always tnclude good Jateral and u!’
necessary obhique skiagrams s well as antero posterior views ~ Radiologic?
sereening 1s mdispensable for testing mobihity and watching pulsation A banum
swallow shows displacement or obstruction of the oesophagus, while tomograPky
1s sometimes useful 1n fixing exact relationship and revealing cavities anchat
scopy and oesophagoscopy are chiefty of value 1n excluding other growths bl
may fix 2 point of compression from without The induction of an artificsa
ax or peritoneum may  assist - diagnosis Thoracoscop}
has been employed but 15 seldom conclustve
Neuromas enterogenous cysts and memingeal growths will be found P"Sd
teniorly  dermoids teratomas cysts of the penicardium thymomas and (hyrofs
adenomas anteriorly  But others occur in any siuation and much else rema®
o be differentiated
Aneurysms of the great vessels or of the heart, may be con
growths, and must be distinguished from them by radiologica
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Y519 AND TUMOURS OF THE MEDIASTIN
GroFFREY FLAVELL
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(o reach their wdult sate  that the pleural and penicardial cavities are fashroned
from the 1nfoldmgs of the simple coelom , and the whole cut off by the formation
of the diiphragm fiom the septum transversum  In addition to those growths
h o tirtitct to developmental faults, there remamn others ansing
v of adult tissues actually within or closely related to the
nichness of 1ts lymphatic connexions 1 turn make 1t 2
tistatic deposits from more distant organs, 1n particular from
U u 5 «eondary growths will not be considered here, though they
meviiably feature i the differential diagnosis of primary tumours as they may
occur where ever lymphotd tissue 1s to be found 1 the mediastinum
Investigation of medrastinal growths must always include good Iaterat and o
necessary, oblique skiagrams, as well as antero posterior views Raduologiest
screening 1s mchspensable for testing mobility and watching pulsation A baru®
swallow shows disptacement or obstruction of the oesophagus, while tomogréphy
1s sometimes useful in fiving exact relationship and revealing cavities Broncho-
scopy and oesophagoscopy are chiefly of value 1n excluding other growths, bn}
may fix a pomnt of compression from without The nduction of an artfica
peumothorax or preumoperitoneum may assist diagnosts Thoracost?FY
bas been employed, but 1s seldom conclustve
Neuromas, enterogenous cysts, and meningeal growths wall be
teniorly , dermouds, teratomas cysts of the pericardium, thymomas, and thyfo
adenomas anteniorly  But others occur 1n any situation and much else remains
to be differentiated
Aneurysms of the great vessels, or of the heart, may be confus
growths, and must be distinguished from them by radiological
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CYSTS AND TUMOURS OF THE MEDJASTINUM

however that neuromas top the list, followed by bronchogenic cysts
d and teratomas, various tumours of lymphowd tissue, penicardial cysts
v+ and cnterogenous cysts, 1n that ardet, with rarer lesions following
! retrosternal thyroid enlargements are included they are probably

~1of afl and certainly must be considered among growths of the superior

disunal tumours removed 1n United States Army thoracic surgical
peiiod of 3 years, 90 were 1nnocent, 15 malignant Among the
23 neuromas 23 branchogenic cysts 14 dermoids and teratomas
a' cysts , the mal \: d 6 4 cases of Hodg
2 phobl 2 th and a Uhrich
60 primary mediastinal tumours removed at the Mayo Chnic

~ bat roughly similar proportions

NEUROGENIC TUMOURS
tv posterior medtastinum are, in 92 per cent of cases, nEurogenic
© cuning elsewhere 1n the mediastmum are excessively rare, but
wn  They are diwided broadly into those which orgmate from
ths ¢ rerally called t or neur , and those
v cell predominate, and which anse from the sympathetic gangha
n 1934 Kent collected 78 cases from the literature and found
P v 1 cent) malignant He added 18, classifying 41 per ceat
At I reten m 1949 recorded 51 neuromas of which 59 per cent

mihgraxt  Godwin and associates in 1950 described 24 cases, 2 (8 per cent)
1 nt
nk

~ and 1 3} lly occupy 2 position
or, evidently closely related to the sympathetic chain

< 1er in the upper part of the chest than in the lower but
‘i e in the gutter The vast majorty are encapsulated and

4pReY 0 noa T4y hilm as smooth rounded or shightly lobulated tumours typieally

posierior (k1g 172} They are d hed from intrapul y tumours by the
induetion of an aruficial preumothorax  Not snfrequently they cause pressure
eroston of adjacent ribs and wid g of the 1 spaces the

e
wntervertebral foramina also are widened and the tumour may extend dumb bz}:
fashian into the neutal canal causing pressure symptoms on the cord Su

are y pangl omas, but may be malignant A meningioma
my produce a silarlesson and several of le p ting o the
thor .n
thec
may
nece
famihal fistory, fib Jemwh and skin p guish tew!

In some stances they encircle major vessels or extend 1nto the neck making
remosal difficult  and are much more prone to malignant change than the cnc.xpé
sulated type about 13 per cent undergoing degeneration 1t has been esumatc
that 2 quarter of ajt neurogenic sircomas occur in patients having the stigmats ©
von Reckimghausen’s disease
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BRONCHOGENIC CYSTS

for dragnostic reasons  Infecied bronchial cysts may give nise to long penods of
chronic 11l health resembling that caused by severe bronchiectasss, 1f the lesion
15 not recognized and removed Furthermore both Moersch and Clagett (and
Evarts Graham) have recorded d fromab hial cys!

An unruptured cyst presents a smoothly round or oval homogeneously opaque
shadow on x ray examination At this stage 1t 1s dafficult to make a positive

dragnosts since only by expl y th y can it be from any
of the salid tumours h or y are of hitle
use but aneurysms and h 1 du are d by l 1
means When however the cyst has blished a s

at least becomes evident since a flurd level will at once be apparent in it The
cyst wall 1s also then visible and s seen to be charactersstically thin and regular
1t1s sull necessary to differentiate 1t from 2 breaking down carcinoma an abscess
a daphragmatic herma an hydaud or any other cyst And while the fineness
and regulanty of its wall may make the correct diagnosis probable it 1s seldom that
1t can be made certainly This uncertainty, especially when infectton has already
occurred indicates removal

Histologically bronchial cysts are Itned by cuboidal or columnar eputheiium,
which may or may not be cihated It 1s sometimes 1rregular or even trabeculated
and the walls contatr ch hial elements 1n disorderly arrange
ment such as cartilage smooth muscle mucus glands and elastic tissue  The
contents may be clear or viscid and gefatinous fluid, or consist of blood pusand
ar

Surgical removal 1s planned through whichever side of the chest seems to afford
best access to the cyst and removal presents no particular difficulty except that
especial care must be devoted to closing any bronchial fistula

DERMOIDS AND TERATOMAS

No fundamental difference ewsts between these tumours which share a common
ongn and a common c¢haracter  In exch all three germmal layers may be repre
sented  As the name implies however n the dermoid the ectodermal derivatives
greatly predommate and the tumour nself 1s generally cysic  The teratoma on
the other hand 15 composed of all consttuents and 15 manly sohid  Several
theones evist none wholly satisfactory to explain their source  but that of
Collenberg seems best to fit the facts of therr position thetr nature and their
relationship  He holds all due to abnormalities 1 the development of the third
and fourth brancheal arches at whose union in the foetal m:dline all the germinal
Inyers are represented in great complexity and from which groups of primitine
cells are carned down into the antenor mediastinum by the descent of the heart
and great vessels to which they remain intimately related

Be this as 1t may the teratord tumours are almost tnvanably found in the anterior
mediastinum only 3 exceptions being known among 250 recorded cases  This s
50 much the case that any tumour of the anterior medastinum should be regarded
as terdtord until otherwise proved Furthermore they are intimately related to the
antenior surfuce of the pericardium and to the great vessels which emerge from e,
this consttuting one of the chuef surgical difficulties tn cemaoring them

363



CYSTS AND TUMOURS OF THE MEDIASTINUM

Simple neurofibromas and ganglioneuromas seldom cause symptoms until
they do so by reason of their size, which may become considerable Neuro-
forical lesions or pain are generally absent, and many are first detected by routine

hest radiography  Later cough or dyspnoea result as their bulk increases, and

» My not be until the thied or fourth decade of life or even later At the same

N cystic degs h are withmy and h

and hiemorrhages nto the cysts  Histol {ly both fib and
setromas are encapsulated, the former being composed of cells from
¢ 1th of Schwinn, neurones, and much fibrous tissue , the latter of mature
»m ells set 1n a stroma of myehnated and non-myelnated nerve fibres
1 hnont change 1s quite exceptional

sicallv they are best approached by a transpleural postero lateral thoraco-
unless they are small when a direct extrapleural removal may be
~  They ate covered on the anterior surface by the panetal pleura, behund
hey Iie and which must be mncwsed  Before this 15 done they appear
xed to the chest wall, but as soon as the pleura 1s stpped from them 1t
il v casy to mobilize and secure the short pedicle that attaches them to
ror end of some intercostal space, and either dissect them from the
1 r esheath or resect, if need be, the nerve from which they grow Bleeding
t ~ly related intercostal vessels 15 practically the only surgical difficulty,
1 s ustally easily controlled  Tumours having a dumb-bell extension through
in intenvertebral torimen mto the spinal canal however are not so easily dealt
with  These gener illy present with symptoms of cord compression, and a neuro-

surgical attack as a rule must precede the removal of the intrathoracic portion

BRONCHOGENIC CYSTS

» suse in any part of the mediastinum but are most often closely related
i ¢ una to which they may be attached by a pedicle, or to the trachea or 8
major bronchus  If more distally disposed on the bronchsal tree they cease to be
related to the mediastinum and must be distingmshed from other cysts of the
lung  They onginate essentially 1n a developmental fault, probably by a * paching
off* process from one of the out growing Jung buds and may therefore be regarded
as first coustns to enterogenous cysts, sequestrated pulmonary segments, or ever
to dermowds  They undout y occur more freq ly than published senes
suggest, although 44 are recorded 1n the Mayo chimc during the past decade
Most have been recognized 1n the earlier decades of life and very large ones af¢
sometumes seen tn mfancy, often d with other d { hitees,
and caustng respiratory distress and cyanosis More usually they remard symptom-
fess untif thewr presence 15 comphicated by infection, coupled with a fistalows
communication with the bronchial tree or with the pleura  Persistent cough of
dyspnoea may precede thus stage, due merely to the pressure effects of the CYS:’-
but once a fistula 1s blished with the t h p of the mfecte
contents follows, accompanied by haemoptysts, fever, and of course purulent
sputum  Ruptare of such a cyst into the pleural cavity results 1o an empyemd
which will nat heal after simple dramnage and indeed this acerdent has beer sur
greally induced by attempts to aspirate cysts mustaken for encysted effusions 0f
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BRONCHOGENIC CYSTS

for diagnostic reasons  Infected bronchal cysts may give nise 1o long penods of
chronic 1l health, resembling that caused by severe bronchiectasss, if the lesion
15 not recogmized and removed Fur|hermor: both Moersch and Clagett (and
Evarts Graham) have recorded g from a cyst

An unruptured cyst presents a smoothly mund or oval homogeneously opaque
shadow on x ray examination At lhls stage 1t 1s difficult to make a positive

diagnosis since only by can 1t be d d from any
of the sohd mediastinal tumours anchoscopy or cesophagoscopy arc or h(lle
use, but aneurysms and h: are

means  When however the cyst has established a commnmcnlmn its character
at least becomes evident stnce a fluid level will at once be apparent in 1t The
cyst wall 15 also then visible, and 1s seen to be charactersstically thin and regular
1t 35 still necessary to differentsate it from a breaking down carcinoma, an abscess,
a diaphragmatic hernia, an hydatid or any other cyst And while the fineness
and regulanity of 1ts wall may make the correct diagnosts probable 1t 1s seldom that
it can be made certarnly  This uncertainty, especiatly when mfection has already
occurred, indicates removal

Histologically, bronchial cysts are lined by cuboidal or columnar epithelium,
which may or may not be ciliated It 1s sometimes irregular or even trabeculated ,
and the walls contain char: clements, 1n arrange
ment, such as cartilage smooth muscle mucus glands and elastic tissue  The
contents may be clear, or viscid and gelatinous fluid, or constst of blood, pus and
amr

Surgical removal 1s planned through whichever s:de of the chest seems to afford
best access to the cyst and removal presents no particular difficulty, except that
especial care must be devoted to closing any bronchial fistula

DERMOIDS AND TERATOMAS

No fundamental difference exists between these tumours which share a common
ongin, and a common character  In each all three germunal layers may be repre
seated  As the name smplies, however, 11 the dermoid the ectodermal denvatives
greatly predominate, and the tumour itsell 1s generally cysic  The teratoma on
the other hand 1s composed of all constituents and 1s mamly solid  Several
theories exist none wholly satisfactory to explain thewr source, but that of
Collenberg seems hest to fit the facts of their postion, their nature and their
relationship  He holds all due to abnormahities in the development of the third
and fourth branchin arches at whose unton in the foetal midhine all the germinal
layers are represented in great complexity and from which groups of primitive
cells are carried down tnto the anterior mediastinum by the descent of the heart
and great vessels, to wWhich they remam intmately related

Be this as 1t may the teratord tumours are almost imvaniably found in the antersor
mediastinum only 3 exceptions betng known among 250 recorded cases  This 15
sa much the case that any tumour of the anterior mediastnum should be regarded
as teratoid unul otherwise proved  Furthermore they are intimately related to the
anterior surfuce of the pericardium and to the great vessels which emerge from 1t,
this constituting one of the chiel surgie! difficutties in remaving them
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CYSTS AND TUMOURS OF THE MEDJASTINUM

Simple and gngl seldom cause symptoms until
f \ do so by reason of thar size, which may become cousiderable  Neuro
+f lesions or pain are generally absent, and many are fiest detected by routme
idwenyphy  Later cough or dyspnoea result as their bulk increases, and
w not be uahil the third or fourth decade of hie or even later At the same
v o degenerative changes are with and xanth
11 hemorrhages mto the cysts  Histologieally both and
mw e encapsultted the former bewng composed of cells from
t Sohw n neurones, and much fibrous tissue , the latter of mature
V' oclan oy stroma of myelinated and non myehinated nerve fibres
W nge 15 quite exceptional
Uy they are best approached by a transpleural postera-lateral thoraco
U s they are small when a direct extrapleural removal may
11 v 1 covered on the antenior surface by the panetal pleura, behund
it and which must be mased  Before this 1s done they appeat
1 15 the chest wall, but as soon as the plevra 1s stupped from them it
Cisy 1 mobilize and secure the short pedicle that attaches them to
nd f some intercostal space, and exther dissect them from the
heath or resect, if need be, the nerve from which they grow  Bleeding
U5 ) sd intercostal vessels 1s practically the only surgical defficulty,
vu obvomrolled  Tumours having 2 durmb-bell extension through
nwcichr 1 sorimen mto the spal canal hawever are not so easily dealt
The ¢ eone iy present with symptoms of cord compresston, and & neuro-
ure btk vy le must precede the removal of the tntratharacic portion

BRONCHOGENIC CYSTS

u wn part of the mediastinum but are most often cfosely related

s 1wh they may be attached by a pedicle, or to the trachea ot &
m o trowhos 3t more distaily disposed on the bronehial tree they cease tobe
felicd o the medintinum and must be distinguished from other eysts of the
fung  They onesnatc essentially in a developmental fault, probably bys* puacting
off process trom ane of the out growing lung buds and may therefore b regarded
A first cousing to 2 cysts, seq dp y segments OF even
to dermowds  They undoubtedly occur more freg y than published senes
sugeest although 43 sre recorded i the Maya chinic during the past decade
Mast five been recogmzed 1n the earher decades of i and very large ones af¢
sometimes seeninimfancy ofien d with other develop 1 abnormalities
and ¢ wsing respiratory distress 1nd cyanosis More usually they remais symptom
less unut thor presence 1s compheated by infection, coupled with 3 fistulous
communication with the bronehual tree or with the pleura  Pessistent cough ¢f
dyspnoca may precede this stage, due merely to the pressure effects of the eyst
but once a fistula s establ with the bronch 7 of the fected
contents follows tccampanted by haemoptysis, fever, and of course purylent
sputum  Rupture of such a cyst 1nto the pleutal cavity results m an empyersd
which will not heaf after simple dramage and deed this accident has been S6°
aueally induced by attempts to aspirate cysts mistahen for encysted effusons or
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BRONCHOGENIC CYSTS

for dingnostic reasons  Infected bronchial cysts may give nise to long penods of
chromie sl health, resembling that caused by severe bronchiectasts, if the leston
1 not recopmzed and removed  Furthermore both Moersch and Clagett (and
Evarts Graham} have recorded carcinoma dexeloping from a brenchial cyst

An urruptured cyst presents a smoothly round or oval homogeneously opaque
shadow on x ray examination At this stage 1t 15 difficult to make a postve

dizgnosis since only by exploratory th canitbed hed from any
of the solid mediastinat tumours — Bronchoscopy of oesophagoscopy are of Little
use, but ancurysms and oesophageal dil are el d by radiol 1
means  When however the cyst has E} s

at least becomes evident since a fluid level will at once be apparent in 1t The
cyst wall ss also then visible, and 1s seen to be charactenisucally thin and regular
1t1s sull necessary to differentrate 1t from a breahing down carcinoma an abscess,
a diephergmatic herma an hydatid or any other ¢yst  And while the fineness
and regutarity of sts wall may make the correct diagnosis probable it 1s seldom that
it can be made certanly  This uncertunty especially when infection has already
occurred, indicates remoral

Histologically, bronchial cysts are hined by cubordal or columnar epithelium,
which may or may not be ciltated 1113 sometimes icregular o even trabeculated |
and the walls contamn charactenstically bronchial elements, 1n disorderly arrange
ment, such as cirtlage smooth muscle mucus glands and elastic tissue The
contents my be clear, or viserd and gelatinous fluid, or consnt of blood, pus and
arr

Surgical remos al os planned through hicheser sude of the chest seems to afford
bewt aceess to the €331, and removal presents no particular difficulty, except that
especitf care must be desoted to closing any bronchiat fistula

DERMOIDS AND TERATOMAS

No fundimental difference eusts between these tumours which share a common
ofigin, and a common character  In cich all three permenal fayers may be repre
sented  As the nime smplies howerer 10 the dermoid the ectodermal denvatnes
gredtly predominate, and the tumour mself 1s generally cystic  The teratoma on
the other hand 1s compuased of all constituents and ss manly sobd  Several
theonies eudt none wholly satisfactory, o explan thar source  but that of
Collenberg seems best to fit the facts of ther position, their pature and ther
relationshup  He holds all due to abnormalities 10 the development of the third
and fourth branchial arches at whose umon 10 the foctal mudime all the germinal
tayers are represented in preat compleuty and from which groups of prsutive
eclls are carned down nto the antener mediastinum by the dewent of the heart
and preat sevwels to which they remain tntimately related

Be this as 1t may the teratond tumours are almoew imyanaly foundin the antenor
mediastionm, nols Yegarmnens dewne dnowo ameng 20 monted coes Than
30 rich the ease that any tumour of the anterior mediastinum should be reparded
a4 teratond unti] ot erwise proned | urthermore they are satimately related to the
artetor surface of the perwardium and 1o the great vessels whah emerge From i,
this comtitubicg one of the chief surgn il dificultics tn removing them
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CYSTS AND TUMQURS OF THE MEDIASTINUM

Such a position affords little room for expansion since the ngid barner of the
sternum himuts 1t an front , and as these tumours tend 1o increase 1n size duning
adolescence and early adult life, 1t 15 then they are apt 10 cause pressure symptoms,
1 general throughout the medwastinum, but particularly upon the heart, so that
palptations frequently accompany them  They may, however, remain symptom-
fess until overtaken by one or other of the complications to which they are prone
Of these, infection 1s common and occurs readily without any fistulous communica-
tion, being presumably blood borne  Should 1t be shght 1t results only 1n fever
of unexplained onigin, and 1 a formidable increase of those adhestons aleeady
binding the tumour to surrounding structures  Often, however, 1t results in rupture
into a bronchus or into the pleura with disastrous results  Bronchial fistulae on
occaston develop without evident infection, so that the contents of a dermoud
may be expectorated bit by bit  Thus sebaceous matenal, and particularly hatr,
may appear 1n the sputum, confirming in spectacular manner the diagnosis, or it
may be aspirated from the pleural cavity or by direct puncture of a cyst  Some-
tumes the tumours present in the nech, or beside the sternum, and either sponta-
neously or after puncture discharge their charactenstic contents upon the
surface  Pre-sternal dermotds occur, and may be linked dumb-bell fashion with a
medjastinal extension, this being sometimes facihitated by sternal defects

The most serious complication of all, however, 1s mtlignant change which Rusby
(1944) records as affecting 129 per cent of alt teratoid tumours, the proportion
being lower for the more simple dermotd, hugher for the sold teratoma , 30 per
cent of such malignant growths anse n the former, 70 per cent 1n the latter
Once such a change has occurred there 15 little or no hope of suecessful removal

Apart from such path as trichop {the spitung up
of hars), and others resulting from therr comphcations, teratold growths are
diagnosed principally by thew radiological appearance This 1s of a rounded
or lobulated shadow, anterior 1n the mediastinum, bulging to one or other side of
the sternum, and 1 its earher phases with a clearly defined edge  Later on succes-
sive attacks of inflammation reduce this sharpness and the edge may become almost
as At defined as that of carcinoma though no 1nvasion has occurred  When
fistulae are established a Auid level may be seen . and even before this an apparent
level called Phemster’s hine 1s sometimes distingwished where the fat n such
cysts separates at body tempetature and floats upon the top of the aqueous content
Teeth may be vistble m shtagrams of dermords, or a regular line of punched-out
translucent patches representing tooth buds in the mudst of a denser germunal
ndge  Calafication commonly occurs 1n their walls, but, of course, may also be
seen 10 hydatids, gottres, around tubercufous fesions, or in the penicardum stselfl
(Fig. 173) Exploratory puncture should never be vesorted to since it may carry
infecyion mnto the pleusal cavity, or even worse, nrlignant cells  The neys step

m must be expl y th

Dermaids usually constst of one cyst, but may be polycystic  They contain
thich. gelatinous mucin and sebiceous matter, and from the mner cyst lintng
protrude finger-hhe processes or hard rdges {which may contamn carulage or
bone) and from which sprout clumps of 1ank hair  Teeth are often present, as well
as other ectodermal derivatives such as neurat or retinal tissue  They are some-
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P 171 (aand b A
Germond O3t with
marked cakibcation
s watl Dote the
chatacternticatly an
1erior position in the
mediastinum
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CYSTS AND TUMQURS OF THE MEDIASTINUM

times attached to the mediastinum by a pedicle, but m any case are adherent to
the pericardium, the pleura and the chest wall  Accessory dermoids may cluster
about the main cyst, having no direct commumication with 1t, or being jomed bya
narrow stalk

Teratomas share the general character of dermoids but are mainly solid though
often having cystic and haemorrhagic areas  Their components are more complex
representing all layers and often including glandufar and skeletal elements

The surgical removal of these tumours may present great difficulty owing to
their close and frequently dense and tough adhesion to the anterior susface of
the pericardium and the great vessels Such adhesions may be broken com-
parauvely readily, but usually require tedtous and dangerous sharp dissection 1n a
region where serious haemorrhage can easily result  There 1s seldom any way of
telliag before operation whether or not malignant tavasion has added to these
hazards The aim of surgery, none the less, should 1nvariably be complete excision,
and not the | d formerly

TUMOURS OF LYMPHOID TISSUE

Lymphatic tissue 1s nichly disposed in the mediastinum  The thoracic duct
aself transverses 1t , lymph from the oesophagus and from the lungs drams nto
1t, and chans of lymphatic glands are found clustered on erther side of the
trachea, at the canna, about the hila, and n both pulmonary higaments It 1s
thus not surprising that these medtastinal glands are 1nvolved both n localized
tumours and 1l and 1n hized disorders of lympt tissue
‘The commonest cause of local enlargement of the mediastinal glands 1s without
doubt tuberculous ademitss, an invaniable, but usually transitory, accompauniment
of the pnimary tuberculous lesson It may however be associated with atelectasts
of one or other of the pulmonary lobes from external pressure on a bronchus  In
later Iife also, tuberculous adenttis may be mustaken for a primary mediastinal
tumour or cyst, and 1 dular masses, breaking down and
semi-cystic, have been removed  Such glands are adherent to the netghbouring
vessels and bronchy, rendering dissection from the former difficult, and sometimes
ulcerating into the lununa of the fatter, producing strictures or discharging calesfi
matenial 1nto them in the form of “lung stones™ or broncholths The pre-
of ¥ and frequent cal 1 the mass, ads
diagnosis , but such masses are not necessanly at the hilum, and may simulate
cysts or breaking down growths
Metastatic deposits, especially from bronchial caremoma, are common, and
are more P than the parent growth  On the left side they
are often associated with recurrent laryngeal nerve palsy and hoarseness, the only
1nnocent lesion commonly causing this being an aortic aneurysm
L h and ph occur, the former mawly 1n children,
the latter 1 young adults, and present smoothly lobulated massive shadows
generally responsive to deep x-ray therapy, though lymphoblastomas may riot be 0,
and ultimately fatal When the presence of either 15 suspected, a diagnostic
dose of x-rays provides the best method of 1dentification since they, with lymph-
ds are iy the only med: { tumours which will so respond
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PIRICARDIAL CYSIS

o 174 —A cawe of
Hodghins discasc
treated deep
% ray therapy

Reticuloses and Hodghun s discase similarly treated my be part of 4 penerghized
dhsorder or, not infrequently, appear 1o be localized to the medissunum spreading
10 lymphoid tissue elsewhere only Liter 1y the course of the discise and running
a comparatively chrom, coutse (Frg 174)  Bropsy of aceesuble lympbate glands
the blood picture, or a Pel Fistan syndrome m1y assist duagnosns

Lymphangioma or cystic hygronta rarely ocuuts 1n the mediastinum and some
teported instances are bebieved to be confustons with cysts of other onpsns . Anung
33 conpennat malformation of lymphatic vessels it 1s uncapsulated rwl ocutar
snumately incotporated among the structures surrounding 1l (s¢ that 1t cannet be
shelled out from them) and kined by flatiened mesothelium

PERICARDIAL CYSTS
These ot uncommon thin walled cyats, lined by a wngle kyer of endothchial
eells, and faxty filled with clear fuad are almost always siuated anteriorh and
shosely related ta the cardio-phrentc angle "0 rer cont of them are (rund o the
nrhtude (Fig 175) Some have a pedicle attaching them to the percardium ard
there are cases on record where flurd 10 the €33t coutd be exprawed mio the penar
dim by 2 narrow communicttion so that thecyst was ia reahty adiertoutum On
2 otfer hand many have no sinh Attachment and are ether loowehs relied to
Pernardial fatan the angle or attached to the antero-mediat half ¢ the & aphragm
Thatthey have 3 developmental ongen s nol tn dount but d ffenne theones have
teea advanced to evplun thar relanonsh p One sugpets that then repeesest
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Fic 175—(a and $)
A pencardial coelo
mic cyst siuated
1yp callyinthe nght
cardio phrenic
angle Atoperation
the cyst was found
t0 be thit walled
and contained clear
flud A tenuous
pedicle attached 1t
fo the per cardum
near 1ts juncton
withthed aphragm




THYMOMA

mesenchymal facunae anwing duning the formation of the pencardial coclom .
another that they are pinched off from the pneumato-entenc recess of the pleuro-
peritoneal cavity by the elements of the pnmitne duphragm, and constitute the
* bursa infracardiaca ™, a third that they are formed from « constant ™ veniral
paretal recess ™ of the pencardium durning cacly foctal ife

Bc that as it may, the great majonty are found 19 the night cardio-phrenic
angle, although they do occur upon the opposne side, and rarely, elsewhere an
the mediastinum  As a rule symptomless, they may become sufficiently large
to cause dyspnoca, but are usually discovered on routine radiography  Most are
flacad so that their shadow 1s srregularly comvex and not commonly reatly
spheroidal - Eauly aspirated anteriorly, the flnd contents 15 25 a rule so clear
that they have been called * spring-water ™ ¢ysts  No example of infection or of
malignancy has so fur been reported  They are eaaly remosed by thoracotomy

THYMOMA

Some 15 per cent of patients with myasthenia gravis have a thymoma and 75
pef cent of patients with a thymoma hase myasthenta gravis - No constant relation
has been detected between the o, nor has a curare like factor been fourd in the
thymomas, and in a quarter of the patients with a thymoma there 15 no sign of
myasthenia  No constant effect has been observed in myasthemcs following
removal of the tumour, but Keynes beheves that ther presence worsens the
prognosis, resulls In greater resntance 1o Prostigmin and that they should be
sought for 1n every myusthenic patrent

Essennally tumours of the anterror mediastinum. they are usually found 10 ¢
upper part refted to the thymus atself, but may occur much lower down on the
pericardium  On lateeal x ray films they appear sharply outhined and rounded
(1sg 176). thaugh some show as a flattened bulpe an the front of the wardiac
shadow  Calaficinon may be seen in them aither in a cvst wall or ditfuscly
scattered

The tumour atself 15 slowly growing and composed of thymre constituents
epithelal cells and thymaoeytes, pallisaded around cystic spaces and blood rvessels
Hawall’s corpuscles are wsually absent  The shole 15 wrapped n a thiek fibrous
caprle from which trabeculae traverse the gland and which adheres dloncly to
contrguous sirctures  In spute of this appearance and whether or not calaituation
15 present, ahout 2 quarter of thymomas extend beyond therr capsules ard becarre
focally imviave rendenng remoal difficull or impoaable Ditant metadtases
Fowerer have not been rrcorded  n the pust they have prohably been confused
with hmphasanomas or anaplashic bronchnt carcinomas ance the small cound
thymonyte may closely resemble the cells of these temours

In peneral thymomas cause no symptoms unlea taectated with myasthersa
bt maligmant chinge may be sgralied by pasm an the chest, 2nd supenar sers
caval ard innominate obstruction have heen dewenibed  The eoset of sutsternal
Pa1n 10 a myasthenic is therefore of prave sipritdiree ard amy arfensr o
stanal tumour 1n 3 pvasthern 1y srtaally coram ta be 3 thimemy

Surgnal accest 3 hest puned by ap eieg the steenum down to the thard o
fourth interpace The thymus hics diresthy Bereat™ detween the rpbt and et
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CYSTS AND TUMOURS OF THE MEDIASTINUM

Fia 176 —A malignant
thymoma 1n a girl of
19 years without
myasthenia 1t was
however still remov
able although this
mvolved resection of
part of the mddle
lobe all the antenor
pericardum some of
the opposite pleura
and  the  thymus
gland

pleurae, and can be removed largely by blunt dissection, and igation of 1ts mamn
venous with the left vein  Should surgical removal
of an invasive thymoma prove impossible, deep x-radiation 1s worth trial since some
tumours are responsive

ENTEROGENOUS CYSTS

Most of the reported cases have been in mnfants under 1 year of age, suggesting
that their presence 1s not long compatible with Ife , but a few examples are found
mn older groups They have a similar ongin to bronchial cysts, arising as
diverticulae from the developing foregut during foetal Iife, and are chrracterized
by the possession of a mucosal lining resembling some portton of the gut, but
especially and principally the stomach  This may be complete, and secrete gastric
Juice coprously with all 1ts 50 that the cyst resembles an accessory
but 1solated stomach , or represented by such small fragments of gastric mucosa
that its identity may pnss unr:cogmzcd and the cyst contain ittle but mucus  As
15 the case with most other maj| may co-exist, such
as cysts and diverticulae elsewhere, or spina bifida

Generally the cyst 15 closely related to the oesophagus and so 1s found postertorly,
and 1n nine cases out of ten upon the right side — possibly because of the presence
of the aorta on the left It may be densely adherent to its panetes, and the wall 1s
sometimes as thick as that of the stomach and includes submucosal and muscular
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CYSTS AND TUMOURS OF THE MEDIASTINUM

FiG 177 —Petrosternal
thyroid (a) showing
the tumour chrefly to
the right of the medi
astinum , () lateral
film shows its an-
terror posttion and
reveals  considerable
calaificaton 1a its
substance
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RARER TUMOLRS

dehvered into the nech by a combnation of gentle tractton and Jeverape from
helow, on occasion with a spoon Some surgeom recormmend evacuaung the
coltord matenaf from the mtenior of birger glands  but all are agreed that srernum
spluting 1 seldom 1f ever required  Subtotsl thyrodectomy 15 then performed
cure bheing 1aken not to damage the recurrent laryngeal penve as it courses on the
postero-lateral surface of the glinds  True extopic intrathoracic thyrards (having
0o rvascular conneuons with neck ) have been recorded  but are evceedingly rare
They are diagnosed and can be remosed, only by exploratory thoracotemy

RARER TUMOURS

Such then are the tumours m the
sariety of rarer growths remain - Among them are Tound hipomas 30 of uhnch
hase been recorded Al are extrapleural and may attain great size betng signalied
by a propressne and ultimtely severe dysproca  Most cemain wholly within
the thorax but 9 have presented dumb-bell fashion beside the stermum and 71n
the toot of the neck, where they ire felt to be soft lobulated and to transmit an
impulse on coughing X ray appearances are those of an opacity of which the
edpes may be pereeptibly more translucent than the centre but which otherane
resembles an encysted or interlobar effuvon

Some dozen examples of memngocele protruding mto the chest are described
most of them at first mistihen for neurofibromas because of thesr smooth outhine
and posterior situatron They may cause pressure symptoms and bone erosion
of intervertebral foramina and might be duagnosed (were therr nature suspected)
by myclography  The writer has also seen a meningroma presentisig an the upper
part of the chest

Haemangroma of the mtd(:uunum m.:y be sngle and encapsulated 10 muluple
foor as past of ¢ or frankh malignant At
least 17 instances oocur in the m:murv ol‘uh.:h & were mahgnant and 2 were
rart of many primary levions  Appeanng anywhere in the mediastinum they are
not to be 1dentified before operatton though 2 vascular brut may be avdible
over them  This feature howerer they share with any very vascular tumour with
arcuryyms, and with arteniovenous communications

Other, and more exceplional tumours numbered onlv v ones or twos but
appeinng from time to time still further to compliate the alreads dificult
differential daagnosis of mediasuinal neopl 1sms are les ymyoema an mnocent growth
avsoctated with the smooth musde of the oesephaps  parathyrond adenoma
with the sheleral changes raned serum caleium and geoeralired ostests £ hrma
Plisrocytomas single of multiple nnovent or malignart  fbroma  chondroma
mytema, and virthoms
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Fig 177 —Petrosternal
thyroid, (a) showmng
the tumoue chiefly to
the right of the medi-
astinum , (5} lateral
film shows its ans
terior position and
reveals considerable
calcification in s
substance
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DISEASES OF THE DIAPHRAGM

exertion and cough and pain 1n the Jeft side may occur  Physical examination will
teveal poor movement of the left side of the chest and its paradovcal nature may
be evident  Fluoroscopy will confirm these findings while the use of a barum
meal will differentiate the condition from a short oesophagus with hermiation
The stomach often appears as a charactenstic inverted fish hook, being rotated so
that the greater curvature 15 uppermost under the dome of the diaphragm, the
pylorus and pylortc antrum he anteriorly in the left upper quadrant of the abdomen
feld, 1944) A peritoneum will assist 10 g the

Treatment 15 not satisfactory Dyspepsia can be treated with a light diet
phenobarbitone, and alkaline and antspasmodic mixtures  Surgery has been
used 1n the of the cond the diaph being pheated or mesed,
overfapped and sutured At the operation the appearance and calibre of the
phrenic nerve 1s always normal

DIAPHRAGMATIC TRICHINIASIS

Trnchintasis 1s caused by eating pork or bear meat which contains living larvae of
the nematode Trichnefla spiralts  These larvae are hiberated in the gastro
mntestinal tract durtng the digestton of the meat  They quickly mature and then
mate, when the female produces new larvae which penetrate the wall of the gut to
enter the blood stream  Some are deposited 1n the muscles where they remain
alive for years and become encysted others lodge 1n other organs where they die
The human 1llness occurs only during the first few weeks of infestation

Symptoms rarely arise during the stage of intestinal 1avaston and there are no
symptoms after the larvae become encysted These usually anse 7-12 days
after ingestion and consist of fever, facial oedema sometimes oedema elsewhere
skin rashes and muscnlar pass  Chest pam 1s common and 15 attnibuted to
mfestation of the intercostal muscles and the diaphragm  There 15 sometimes
hiccough  cough 1s also and 15 ductive, probably resulting from
the presence of parasites in the lungs  haemoptysis occurs occasionally

Eosinophilia 1s the best gmde 1o early diagnosis  The parasites can somelimes
v U n m

trichinella antigen are useful diagnostic procedures

The condition guickly resolves and little 1s required 1n the way of treatment
The disease can readily be prevented by ensuring that pork 1s well cooked ~ An
outbreak occurred 1n Wolverhamptos in 1941 as a result of people cauing uncooked

sausage meat (Sheldon 1941}

DIAPHRAGMATIC HERNIA

There are two types of diaphragmatic hernia-—those due to trauma and those
1 T hermae may etther be due to

resulung from
penetrating or non penetrating Injuries or be a post operative occurrence (Fig

180) Where they result from non penetrating tnjuries, the injury is usually
of 4 crushing nature but it may be by less vialent trauma such as falling down-
stairs  In the case of penetrating or post operative 1njunes the cause 15 afways
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DISEASES OF THE DIAPHRAGM

FiIG 179 —Typical
example of eventra
tion of the left side of
the diaphtagm  (a)
Postero anterior view ,
(4) lateral view As
example of the rare
night sided ncnlra
tion 1§ sect 1
() (c)l’oslem-zmenor
and (d) lateral
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DISEASES OF THE DIAPHRAGM

Skiagrams usually show the abnormality, which has to be differentiated from
cysts and tumours of surrounding structures or from pleural effusion

If a hernta 1 hable to strangulate, surgical repair 15 indicated Treatment of
Iiatal herniae should be medical and the peptic ulcer rémme used 1f oesophagitis
15 present  The patient should sleep propped up  Left phrenic paralysis gives
good results 1n older patients but repair of the defect by the transthoracic approach
15 psualfy the best treatment  If stricture or severe ulceration 1s present, difatation
of the oesophagus with application of silver mitrate or resection of the affected
portion may be necessary

SUB-DIAPHRAGMATIC ABSCESS

This 15 not truly a disease of the chest but 1t so often causes sympathetic lesions
above the diaphragm that a book of diseases of the chest 1s not complete without
some consideration of the condition  There are five spaces in which these abscesses
may form, nght and left supra-hepatic are the sites, the others being
right infra-hepatic and left antenior and postenior infra-hepatic, the frequency
being in that order  The supra-hepatic fies between the diaphragm and the dome
of the liver while the nfra-hepatic space 1s the under surface of the hiver and the
t colon  The supra-hepatic space 15 divided into right and left portions
by the falaform ligament and the infra-hepatic 1s similarfy divided by the hga-
mentum teres and hgamentum venosum

Most cases of subdwphragmatic abscess arise from pocketing of pus following
a general penttontts resultiag from appendicatss, perforation of pepuc vlcers, or
malgnant neoplasms of stomach or colon, cholecystitis and hver abscess In
the last mentioned case there 1s a high mortality rate  The majonity of these occur
post-operatively  Some may result from direct spread of the pyogenc infection,
but there 1s ittle evidence to confirm that they can result from lymphatic spread
as was once thought  Occastonally they occur as part of a pyaemic process and
rarelv from a spread from instde the chest  They may oceur at any age bgt are

cHUSIONS AT€ LSUAILY SIELIE, LuL Gibpylum « w pyup "= -
quarser of the cases (Harley, 1949) and suppurative pneumonitis also results in a
few Perforation of the diaphragm either from spread of the infection or as 2
result of transpleural aspiration or damage 1s the most common cause of the
suppurating conditions
Clinical features

The chimeal mansfestations of this disease tend to appear 3-4 weeks after the
causal laparotomy  Faxon {1940) in reviewing 111 patients from the Massachusetts
General Hospital found an average mterval of 26 days  The usual presenting
symptoms are fever and patn along one of the costal margins ~ The onset 1s some-
times abrupt with rigors, sweating, vomiting, abdominal pain and coflapse More
often 1t 15 subacute and 1n a few 1t 15 slow and tnssdious and thus last group 1t
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FiG 180 —Trau
mate

colon through
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DISEASES OF THE DIAPHRAGM

Fic 181 ~D aphragm
atc herna of cofon
through an anter or
parasternal defect 1n
the rght side of d 2.
phragm (b} lateral
v ew showing bar um
in cofon
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SUB DIAPHRAGMATIC ABSCESS

FiG 182 —D aphragm
atic hernia of
stomach and intes
A nes through the left
d aphragm

may go unrecognized for many months Other symptoms which may occur
include cough shortness of breath pain in the lower part of the chest or generalized
toxaema

The physical signs are scanty unless a pleural effusion 1s present when there
will be dullness and absent breath sounds over the lower part of the chest  Other
wise localized tenderness over the site of the abscess will be the only sign that can
be elicated A blood count will always reveal a polymorphonuclear leucocytosts
Diag 5 owing 1o 1ts unreliability and because of the
danger of infecting the pleura  The most significant radiological finding 1s fixation
and elevation of the diaphragm and on the right side if the diaphragm is normal in
position and mones freely on resp ration a diagnos s of subdiaphragmatic abscess
can be excluded  This rule however 1s not absolute on the left side  When air
1s present under the draphragm it 1s & valuable aid to diagnowss but th s occurs in
only about a quarter of the cases on the left s de 1t must be dnunguished from
£as 1n the stomach In about 25 per cent of cases a pleural effusion 1s present
and ths will be evident 1n the sk as will p Y s
present  Its important to take lateral pictures as well as antero postenior oncs
while postero-anterior ones in lateral recumbency are sometimes helpful

Treatment
Chemotherapy with adequate dosage of sulphonanudes pemaillm and strepto-
mycin will prevent the development of a large number of sub-d aphragmatic
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DISEASES OF THL DIAPIIRAGM

abscesses, and make the conditton a rare one  Chloromycetin and terramyctn
will also play a part in achieving this

Once there 15 an established abscess surgical drunage becomes essential and
the mortality rate 15 greatly reduced if an extra serous method of draimage is
adopted  An ncision can be made over the twelfth b which 1s resected sub
periosteally  The abscess can then be dramed by a transverse incision through
the bed of the rib at the level of the spnal process of the first lumbar vertebra
Ochsner and DeBakey (1938) gve a mortality rate of 20 8 per cent for retroper:
toneal drainage compared with 36 2 per cent for transpleural and 35 1 per cent
for transperitoneal and Harley (1949) gives 11 per cent for extra serous dratnage
and 33 per cent for trans serous

Serous pleural effuston will usually absorb spontaneously when the abscess has
been drained but intrathoracic suppuration usually makes the condition more
serious  When the abscess 1s drained, however, by the establishment of a bronchial
fistula the mortahty 1s sigmficantly dimmished

DIAPHRAGMATIC TUMOURS
Primary cysts and tumours are rare  They were first described by Grancher (1868),

the condition was carefully reviewed by Cruickshank and Crurckshank (1951)
These congemtal cysts appear to be of mesotheltal orgin (Fig 183)  They apse
from that part of the coelom which becomes the pleuro pericardial canal and are
closely related to pleuro pericardial cysts  Many are situated within the substance
of the h muscle Histologically they have a fibrous wall and are
hined by a single layer of flattened cells
Tumours of various kinds occur in the diaphragm , sarcomas, which have been
described as rhabd, fib mirxed cell sarcoma myo
blastic sarcoma myt and endotheltal sarcoma, are the
commonest Lipomas are the next most frequent tumours, but fibromas,
hel bromas fibromy , chond! and
haemangio endotheliomas have been described  Endometriomas may also occur
sn the diaphragm
Severe pam n the lower part of the chest aggravated by deep breathing is the
commonest symptom  Cough with a httle mucord sputum occasionally streaked
with blood has been reported  Arkless (1942) descnibed the coincidence of a
rhabd arcoma of the h diopathic hypogly and retroperttoneal
saccoma  On examnation a tumour s somehimes palpable between the Jower
ribs or in the upper abdomen 1t moves with respiration 1t has on occasion
been mistaken for the liver or spleen  Skiagrams will show a tumour m the lower
part of the chest which 1s difficult to separate from surrounding structures It
moves synchronously with the diaphragm  Dragnostic pneumothorax on pneumo
pentoneum may help to define its situation  Thoracoscopy may also help 1n the

diagnosts
Prognosts depends on the nature of the tumour, 1n the malignant conditions 1t

15 always bad

384



DIAPHRAGVMATIC TUMOURS

Fig 183 — Mesothehal
cyst of the d aphragm
Iyng in the ket costo
ciaphragmati¢ angle
) Iateral view of
same f(a_ pattent of
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DISEASES OF THE DIAPHRAGM

The cysts and tumours should always be removed surgically, since more than
half are malgnant and 1t 1s only after removal that the diagnosis can be finally
established
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CHAPTER 31

ANAESTHESIA IN CHEST DISEASE
A T PARRY BROWN

THE PATIENT with chest disease who needs to be anaesthetized presents two prob-
lems to the anaesthetist  The anaesthetic may aggravate the chest disease, or the
diseased and nefficient respiratory apparatus may make the administration of the
anaesthetic more difficult and dangerons  The first important step 1s to establish
the extent of the resprratory disease The site of the lesion, the likelthood of
sputum, and the response to treatment can be ascertained on reference to the
medical lustory  The ease with which the 'y 15 d ant

the reserve for exercise are points of value in planning the method of anaesthesta

SURGICAL EMERGENCIES

First there 15 the surgical emergency with acute respiratory disease  There 1s no
A Lo e SNt aba vameen LAk

to effect a transfer  The wital capacity may be reduced by congestion or effusion,
or even by previous treatment, as by the use of an artificial pneumothorax
Additional barriers may be nterposed between the ventilating gases and the
cireulating blood as, for example, widespread mucus n a tracheo-bronchitis ~ Air
may be drawn mto areas of Jung without a corresponding blood supply as in the
case of a giant air cyst or in chronic emphysema  These patients become sub-
oxygenated on nuxtures which would be quite adequate for the normal patient
The anaesthetic 1s less quickly absorbed and excreted so that both the induction
and the recovery period are prolonged

‘The patient who knows that he has a chest disease fears that the anaesthetic
will affect him adversely This 1s particularly true in patients with pulmonacy
tuberculosis  Such patients when faced with an operatron for acute appendicitis
are genuinely, perhaps with reason, more frightened of the anaesthettc than of
the operation  This state of nervous tenston makes the induction more difficult
and must be allayed by reassurance, which can only come from a careful pre-
operative assessment

In this group of surgical emergencies time 1s not available fgr any thorough

. e et - a

himited 10 serious chest disease  If the patient 13 UyspuoeiL 01 uluwpiven

posttion on the table will be ble Many of the of local
used for abdommal operations nvolve the paralysis of the mtercostal muscles,
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SURGICAL EMERGENCIES

which would increase the respiratory embarrassment  Cases with uncontrollable
coughing are difficult to manage at the time of operation if spinal analpesia 15
chosen  They are subjected to a greater than normal nisk of post-spinal headache,
for the the leak of pmal flind through the
dural puncture  If some of these points contra-indicate the use of local analgesia
then cyclopropane 1s probably the best of the general anaesthetic agents being
non-irrtant to the respiratory tract and the admimustration is with high oxygen
concentrations  The respiration 15 quiet under 1ts action , a rapid return of the
protective reflexes after the follows as 15 quickly el

A woman was admuitted to hospital suffening from lobar pneumonia, who had
been in labour for 24 hours and had reached the stage of exhaustion  She was cyanosed
and orthopnoeic with a respiratory rate of 40 per munute It was obvious that she was
unable to deliver herselfl and as the cervix was nearly fully dilated 1t was decided to
defnver her with high forceps  After premedication with atropine, anaesthesia was
induced with a mixture of cyclopropane 20 per cent and oxygen 80 per cent  On this
mixture her respiratory distress was relieved, and her colour improved  As she lost
consciousness it was possible to lower her into the horizontal position without a return
of the cyanosis  High forceps were applied 1n the Lithotomy position and the woman
was safely delivered  The return of consciousness was raptd and as the splinting of the
diaphragm by the uterus was relieved she was able to breathe easily and made a rapid
recovery under medical treatment

Whilst such a case suited the techmique almost as well as the technique suited
the case 1t must be remembered that these cases can be difficult and 1t 1s unwise
to use an unfamuliar techmque It 1s safer to use a routine method, provided that
1tis physiologically sound, than to use an agent which however 1deal suffers the
disadvantage of unfamihanty Nitrous owide, oxygen and ether provides a
sequence which although humdrum s safe during the administration and which
carries little extra nisk of post-operative compheations if steps are taken to prevent
the spread of secretions whlst the reflexes are inactive and cihary movement 15
reduced

An even more dangerous error than using an appropnate anaesthenic agent but
with insufficient expenence 1s to strain a weah agent beyond its proper capabilities
Nitrous oude has great advantages as an anaesthetic agent for 1t 13 non-tovie, and
rapdly chminated, but 1t 15 weak and can only produce more than the light planes
of anaesthesia by depriving the patient of oxygen  The old finding of ** fit for gas ™
has no place tn anaesthesta for cases with chest disease

SPREAD OF SECRETION

Unsound techmique greatly sncreasss the danger of the spread of sccretions
Forced hyperpnoea by the bse of carbon diouide may simplify and accelerate the
mduction of anesthesta n the healthy patient, but it 1s obviousty inapphcable
 these cases  The ciha of the respiritory mucosa are casily damaged  Rough
nstrumentation may destroy them and lease the patent partially depnived of this
mechanism for the remon al of The cuffed endotrachea! tube particularly
when lubticited by a greasy otntment contaimng a powerful surface anaesthetic 15
tmyutious and should only be used when essenuial  The spraying of the farynx
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and bronchial tree with local analgesia solutions carries with 1t the danger that
secretions may spread whlst reflexes are depressed, and if 1t 1s necessary to use
them steps must be taken to control secretions In all except acute emergencies
this control can start pre-operatively Postural dramage and suitable medical
treatment can reduce the amount of secretion so that the risk of flooding new
areas of lung 15 greatly reduced Premedication with atropmne or scopolamine by
keeping the respiratory tract clear from mucus reduces the volume of any secretions
and so the likelthood of soiling, but at the price of making viscid plugs which are
harder to cough up

Control of spread

The secretions may be controlled during the operation by suction by posture,
or by the 1solation of the diseased area of lung The removal of secretions by
suction s the most immediately attractive solution, for if the anaesthetic gases are
bemng given through an endotracheal tube the only change from normal routine
15 the occastonal passage of a suction catheter down the endotracheal tube  The
disadvantages are that 1t interferes with the smooth admumstration for, the anaes
thetic gases are lost during the periods of aspiration It requires deeper anaesthesia
to prevent coughing when the end of the suction catheter touches the carina than
15 needed for many operations

It may fail because of the silent spread of small quantities of sputum or because
large volumes need such constant attentton that no time 1s left to give the anaes-
thetic  This blind suction may make worse the condition m the lung If the
catheter 15 passed into small bronch: all the air may be drawn from a segment
which will fail to re-expand Haemorrhage may be caused particularly if the
disease 1s an ad; or of the t h Desptte these disadvantages
ntrabronchial suction remams a most valuable method of controlling secretions
and of preventing the contamunation of fresh areas of lung It should be apphed
at ntervals determined by the amount of secretion and at stages known to be
associated with the release of sputum as for example when the patient 15 moved
on to the operatng table  The relative lengths of the endotracheal tube and of the
suction catheter should be known so that the position of the sucker may be
estimated

A suitable position on the table may eliminate the danger of inhalation of sputum
The secretions may be retamed n the diseased area where they cause no reflex
disturbance or interference with respiation, or a position can be chosen 1n which
any sputum that 15 released will run up towards the mouth rather than be absorbed
1n new areas of lung

The former 1s useful 1n short procedures

with the chuld half sitting up and partly on his left side  In this position the lett Jower
lobe 15 dependent and secretions were retamed m the diseased area Nitrous oude
oxygen and ether were used and a smooth mduction was obtained without coughing
‘When the child was fully anaesthetized a naso tracheal tube was introduced and through
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thrs a fine gum-elastic suction catheter was passed  Nearly an ounce of sputum was
aspreated, atthough it had caused no disturbance whilst retained in the diseased area
of lung  The suction catheter was removed and the operation proceeded normally

Protection 1s passible by the postural method of the operation ts performed i the
prone positron or 10 the lateral postiion if a Trendefenburg it 15 used, but m the
supiae posstan, wnless an extreme head down tlt 1s used, the secretions will not
graviiate towards the mouth

The control of secretions by endobronchaal tamponade s not usually apphcadle
to cases undergomng general surgery but rather to cases for lung surgery where
the diseased area will be removed, for the mucosa at the site of the obstruction
wili be tnjured and further damage may be dore 1n the 1solated area of the Jung

This danger from the mhal.—mon of secrettons 1s not limited to the duration of
the op but the sub penod of
reflexes  The patrent may not have such constant supenvision duting the rccowcry
peniod so that & techrique which allows a quick return to full ceflex actvity will
be advantageous The worst anaeslheucs in this rcspect are ether, when the
anaesthesia 1s dezp, and the sh 1 bark when repeated
adminsstration 1s needed to maintan ana:sthtsm for long penods  The adwrs-
abulity of wncreasing the rate af excretion of ether by the whalatton of carbon
dioude and oxygen at the end of the operation should be considered but there s a
danger that tus forced over breathing may spread secretons tnto smalt broncht
which they will occlude  This method can give a false sense of secunty afier a
long deep ether anaesthesia, for during the pertod of over-ventilation the concen-
tration of ether in the blood 1s lowered and reflex activity returns  There s after-
wards a reaction when the breathing is very shallow, dunng this period cther 1s
mobifized from body tissues and the blood concentration nses again

DANGER OF COLLAPSE OF LUNGS

Duminished movement of the chest walt may lead to coliapse of the underlying
lung  This restnicted movement may be due to pain as after any upper abdommal
operation, or due to paralysis of some of the
has already been made to this undesmrable side-action of spinal analgesta  The
muscle refaxants which spare the duphragm but paralyse the intercostal musculature
produce paradoxical moesement of the aprces of the lung, wiich 15 mefficient and
likely to cause sub-oxygenation m patients with respiratory disease  The aruficral
respiration which will correct thes 1s Iikely to spread secrenons tnlesy adequate
steps are taken to coatrol them

AGGRAVATION OF E)JST!NG DISEASE
Bestdes these local effects an h ting diseases by
s general toxic action  In pulmonary xubcrculosns a mucal bakmct may be
mattatned betacen the invasine powers of the argamusm and the resistance of the
host  If ts resistance 1s lowered, as 1t may wclf be by an eperation, an exacer-
bation of the disease 15 to be expected  The lowered fesistance 15 in part due to
surgicat trauma, 1n part to blood loss and n part 10 the anacsthetie  The anaes
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thetrst can help to reduce the trauma by p 4 "
and some general effects of the trauma can be reduced by blocking painful stimals
with Jocal analgesia  The careful replacement of blood loss 15 especially worth
while in these cases  An estimate of the blood loss as by weighing the used swabs
helps 1n assessing the volume of the transfuston required for the nsk of causing
pulmonary oedera by over transfuston 1s greater with pre-existing respiratory
disease  Those drugs which interfere with the metabohic processes of the body are
most Itkely to lower the resistance of the patient  On thes count the prolonged deep

d of ether or chloroform should be avorded, but 1t 1s only farr to add
that some authorities use ether with excellent results for all thoracic operations
including those for tuberculosis  Prolonged sub oxygenation, or bouts of anova
from * incidents * during the anaesthetic are probably worse

CHOICE OF TECHNIQUE
The chest disease may make some ordmary anaesthenc techniques unsurtable The
PR TR AR

tAlarant

resprration cease to work as 15 lost and 'y arrest may follow
In such a case a prefiminary use of cocaine in the respwatory tract wilf facifitate
immediate intubation, and as the endotracheal tube passes the obstructton 1t gives
rehef Jtis difficult to pass the obstruction without entering
the nght bronchus  If this occurs 1t becomes much easter for air to enter the right
than the left jung  This causes differences m pleural pressure on the two sides and
mediastinal stuft results
The fear of spasm is ever present 1n patients who give a history of asthma, and
an taduction with thiopentone may precipitate a severe laryngospasm  Fortun-
ately ether 15 a reliable agent for such cases  Instead of more coughing and spasm

as mught be expected, the ether relaxes the bronchtal musculature and the breathng
P 4n s mmmt o ac Todand thers te 2 marked rehief of

. -indicated by

7 the admats-

tration of cocatne to the respieatary tract before the mductton of anaesthesia, or by
the use of an mntravenous transfusion with a procatne solutton

PROBLEMS PRESENTED BY PNEUMOTHORAX CASES
The patient with a pneumothorax may present difficufies if the propased
operation requires the patient to lre in the lateral position with the pneumothoras
undermost, the risng diaphragm on the underside and the sagging medustinum

may cause the pleural pressures 1n the artificial pneumothorax to rise so Ingh that
- . I thavav  In pon-

Too often
N rax has 2
larger than usual refill pre operatnely m the hope of mmtmizing the enect of the
anaesthetic on the underlying lung
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As a result secretions are retuned 1 the left lung, which threaten catastrophe
should at any tume the tube become displaced The movement of these endo
bronchial tubes must always be feared  The posttion of the inflated cuff must be
accurate to within a centimetre  The tube 1s fixed at the proximal end During
dissectton traction 1s made on the hilum of the lung, and the tube becomes dis
placed 1nto the trachea

An alternative 1s to obstruct the bronchvs of the diseased Jobe or lung with 2
balloon which encircles a fine drainage tube, whilst the anaesthetic 1s given through
an endotracheal tube into the remainder of the lung ~ These dramage blockers give
good control of secretrons and allow the diseased area of lung to collapse
during the operation There are two commonly used types of blocker The
= 34 A

mamtad

net gives a better adhesion than rubber to the mucosa of the bronchus Tis
balloon 15 bulky and can only be passed through an adult 11 mullimetre broncho-
scope  The Magill blocker 1s more delicately made and can be passed through a
smalfer bronchoscope which gives 1t a wider applicabifity, but more skifl 1s required

to prevent its b displaced during the These d blockers
can be used for and lower on etther side, but arc
not reliable for upper lob as 1t 15 only Ity possible to introduce

L e

them 1nto the upper lobe orifice

under lung  The removal of secretions 1s completed by intermittent intra bronchial
suction, and by a post-operative bronchoscopy
If the secretions are controlled, and parad 3 d by the
use of controlled ventilation, the anaesthesta required for thoracic surgery 1s simple
d ith th and with mtrous oxide and

P ng
¢ 1f curare 15 given to allow the over ventilation necessary to
1. €1

1 minloac 2 10
the
of
the patient appeirs to be of value i preventing post oper tve 1espualory
complications

n w.
oxygen will suffic

SUMMARY

To summarize, 1t may be said that local analgesta should be constdered if 1t 1s suit-
able for the operatton proposed and I respiratory distress 1s no¢ @ mnted futere
of the disease  Routine general anaesthesta 15 safer than expenimenting with new
methods and 1n particular ether despite 1ts 1rmitant properties 1s safer \l:nn the
nyudictous use of the short acting b In acute resp Y

with dyspnoea cyclopropane is valuable to those experienced in USINg i;
TLight general anaesthesta used with muscle relaxants 1s almost universally :ndoplcl
for chest surgery and 1s quite suitable for general surgery in the presence of ches!

disease if are well lled and 15 assisted
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given 1n a confident and friendly manner before the treatment starts, but when the
patient has become accustomed to his surroundings

General relaxation -—=The patient lies on his back with a pillow under his head,
another under his knees, and one under the whole of each arm  The arms are
shightly bent at the elbows, with the palms of the hands downwards, so that the
stdes of the thumbs almost touch the body

The patient 1s shown, the mstructor demonstrating with her own arm, the
difference between tension and relaxation of the muscles It helps him to under-
stand what 15 meant by relaxation 1f he 1s allowed to hold her arm  Furst the
atm 15 stiffened so that the muscles feel haed, then little by litle, the muscles ate
allowed to relax, so that the patient feels how the arm gradually gets heavier and
heavier, until he finally feels 1ts complete relaxed weight  Attention 1s directed
n turn to large muscle-groups, starting wath those of the hand, forearm, shoulder,
neck and so on  The patient “ talks ™ to his muscles 1a his mind telling them
gently and frequently, always on a sighing out breath, “let go**  This 1s not 2
breathing exercise but just natural breathing, which, gradually, will be found to
become slower and deeper and more diaphragmatic  The patient needs to practise
daily for about haif an hour at a regular time, and 1t will be found that the general
well being as well as the breathing improves This method 15 based on a com-
binatton of those described by Jacobson (1938) and Fink (1945) It 15 sumple
and successful with chest pauents when taught with patience and perseverance

Local relaxation —Local relaxation of the tightened nspiratory muscles 15
gatned by rhythmie swinging exercises for the arm and shoulder muscles, and by
rhythmic stretching and relaxing shoulder-girdle and spinal movements This
will be done duning the class part of the treatment

Breathing control

1t 15 not uncommon to find these patients apparently breathing entirely with
their upper chests, and for screemng to prove that the diaphragmatic movements
are poor, sometimes even paradoxical

These breathing exercises are designed first to train relaxation and to control
the overworking upper chest, so that 1t 1s reduced 1n size and the stretched lung
trssue and bronchral tubes are rested  This 1s done by relaxation training and by
slow expiratory breathing exercises

Secondly, they develop tn the patient a longer expiratory phase of breathing,
to help him 1 his expiratory difficulty, and to counteract his habit of over inspira
tion  The restdual air will thus be reduced  Thirdly, the exercises develop fully
lower costal and diaphragmatic movements so that the patient can make full
use of the bases of his lungs In emphysema, when the patients have raised
barrel shaped chests, this procedure 1s modified  They should keep entirely to
expiratory breathing without any attempt to gain further expansion

Long exp y diapt shown it Fig 181 and expiratory
lateral basal expansion exerctses shown 1n Figs 185-186 are the main or:sl used
to develop longer exprration with the fullest use of the lung bases and of the ?\;:r
half of the chest genernlly ~ Expiration should last for twice as long as mspirath
Good lower costal movement 1s actually more easily acquired 1f practised for one
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Fi 184 ~Long ex
piratory  duaphrag
matic breathmg ex
erene  (a) Full ex
puation wih good
cantraction of upper
abdominal muscles
and relasaton  of
upper chest ,  (h)
tmspiration’ with
relaation of abdo-
minal muscles  Note
control
chest which 1s still 1n
relaxed position {8)
courtesy instuute for
Diseasesof the Chest )

@

stde sepacately for a time, as shown in Fig 185, before adding bulateral expansion
asm Fig 186

Short expiratory diaphragmatic bresthing 15 used to overcome breathlessness
of to prevent or stop an asthmatic attack devetoping  The exercise 15 descnibed
i Fig 187 Positions are arranged so that grasity helps relaxation of the abdominal
muscles on inspiration  Positions shown 1n Fig 187 () and (&) are wsed for
children and some younger adults It can be modified for adufis mto a suting,
feaming forward positton  The position in shah the body 15 10 a stmple resting
posture, shightly rotated forward, 15 used alvo for teaching draphragmatic breath-
g in difficult cases (Fig 187¢)

Control of breathing 1s practised duning strenuous exercrse and during ordinary
activties such as gomg upstairs  Short expiratory duphragmatic breathing s
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given 1n a confident and friendly manner before the treatment starts, but when the
patient has become accustomed to his surroundings

General relaxation —The pattent lies on Jus back with a pillow under his head,
another under his knees, and one under the whole of each arm  The arms are
shightly bent at the elbows, with the palms of the hands downwards, so that the
sides of the thumbs almost touch the body

The patient 1s shown, the instructor demonstrating with her own arm, the
difference between tension and relaxation of the muscles It helps um to under-
stand what 1s meant by relaxatton if he 1s allowed to hold her arm  Furst the
arm 15 stiffened so 1hat the muscles feel hard, then hitife by hitle, the muscles are
allowed to relax, so that the patent feels how the arm gradually gets heavier and
heavier, until he finally feels its complete relaxed weight  Attention 1s derected
1n turn to large muscle-groups, starting with those of the hand, forearm, shoulder,
neck and so on  The patient ** talks ** to his muscles 1 his mind, teling them
gently and frequently, always on a sighing out breath, “let go”. Ths s not a
breathing exercise but just natural breathing, which, gradually, will be found to
become slower and deeper and more diaphragmatic  The patient needs to practise
daily for about half an hour at a regular time, and 1t will be found that the general
well-bemng as well as the breathing improves This method 1s based on a com-
bination of those described by Jacobson (1938) and Fink (1945) It is simple
and successful with chest patients when taught with patience and perseverance

Local relaxation —Local relaxation of the tightened nspiratory muscles 1s
gamned by rhythmic swinging exercises for the arm and shoulder muscles, and by
thythmic stretching and relaxing shoulder-girdle and spinal movements This
will be done during the class part of the treatment

Breathing control

It 15 not uncommon to find these patients apparently breathing entirely with
thetr upper chests, and for screemng to prove that the diaphragmatic movements
are poor, sometimes even paradoxcal

These breathing exercises are designed first, to tram relaxation and to control
the averworking upper chest, so that 1t 1s reduced 1n size and the stretched lung
tissue and bronchial tubes are rested  Thes 1s done by relaxation training and by
slow expiratory breathing exercises

Secondly, they develop in the pattent a longer expiratory phase of breathing,
to help him in his expiratory difficulty, and to counteract his habit of over-tnspira-
tton  The residual air will thus be reduced  Thirdly, the exercises develop fully
lower costal and diaphragmatic movements so that the prtient can make full
use of the bases of his lungs In emphysema, when the patients have raised
barrel-shaped chests, this procedure 1s modified  They should keep entirely to
expiratory breathing without any attempt to gain further expansion

Long expiratory diphragmatic breathing shown in Fig 184 and expratory
lateral basal expansion exercises shown 1n Figs 185-186 are the mam ones sed
1o develop longer exprration with the fullest use of the lung bases and of the lower
haif of the chest generally  Exprration should last for twice as long as isptration
Good lower costal movement 1s actually more easily acquired if practised for one
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Fic 184—Long ex
piratory  diaphrag
matc breathng ex
ercise (a) Full ex
piration with_ good
contraction of upper
abdominal muscles
and relvaton of
upper chest  {4)
inspiration with
selanation of abdo- .
il muscles Note
control  of  upper
chest whehisstllm P
relaxed posiion (8y
courtesy Insnitute for
D seasesof the Chest )

@

side separately for a time, as shown 1n Fig 185 before adding bilateral expansion
asm Fig 186

Short expiratory diaphragmatic breathing 1s used to overcome breathlessness
or to prevent or stop 4n asthmatic attack developing  The exercise 1s descnibed
nFig 187 Posttions are arranged so that gravity helps relaxation of the abdominat
muscles on nsprration Positions shown in Fig 187 (a) and (b) are used for
children and some younger adults [t can be modified for adults mto a sittimg
leaning forward position  The position 1n which the bady 15 1n a simple resting
posture, shehtly rotated forward 15 used also for teaching diaphragmatic breath
mgan difficult cases (Fig 187¢)

Control of breathsng 1s practised dunng strenuous exeraise and duning ordinary
actiities such as gomng upsturs  Short expiratory diaphragmatic breathing 1s
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Fio 186 —Rilateral basal expansion exercise
slow expiratory phase with pressure of both pal

fa) End of
fms applied
n lateral costal area, () mspiration wsth full expansion
outwiirds of both sides agamst slght palmar pressure

used and when going upstairs 1s timed to the movements This 1s first taught

on the level

Breathng 15 arranged rhythmically and slowly, 1 time with some of the postural
h hi hing control  The patient 1s tramned

muscle to help t
gradually to tolerate more and morte exercise without becomung breathless

The psychological approach to the asthmatic patient 1s shightly different from
that to the emphysematous of bronchitic patient  These asthmatic patients have
to be inspired with confidence 1n the treatment, and to learn that they can do
something themselves to prevent an attack from coming on, 1nstead of having to
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Fa 187 —Pos tons for
overcom ng_ breath
lessness  (a) Con
tracton of wupper
abdom nal  muscles
on expiration
(ckly)  (8) 1e
lavaton of abdo-
m nal muscles on 1
spraton (qu ckly)
(¢) pos t on for short
diaphragmatic
breath ng exerc s

©

rely entirely on outside help Much depends therefore on the personahty of the
physiotherapist  The patient 15 taught to rely on the short expiratory diaphrag
matic exercise to prevent the development of an attack or even to stop one that
may have developed

Development of good posture and balance

This1s the third atm Tt 1s achseved by postural muscle strengthening exercises
and by developing good posture through particular attention to 1t duning the
mobility exercises 1n class Remedial exercises are given for individual postore
deformities

It 15 essential to develop a well shaped thorax and good carnage otherwise
good 1 hest breathing will not be d

The patient must stand so that the upper abdominal muscles can be relaxed
An unagimary plumb-line dropped from the shoulder showld pass theoueh the
hip (ihac crest just above the antertor ihac spine) and on down to the forepart
of the foot where the weight 1s carned  This makes 1t possible for the abdominal
muscles to be relaxed and thus allow the patient to breathe draphragmatically

He must Tearn to carry himself easily and loosely
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Constant enquuy 1nto the amount and regulanty of practice 1s essential
Asthmatic and emphysematous patients need much encouragement to help them
control breathlessness and thus prevent the develapment of attacks

For all chest patients the wvital-capacity chest and
careful assessment of chest movements and postural deformuttes are made before
starting treatment  The vital capacity 1s measured at regular mtervals  These
tests stimulate the patient to further effort as well as being a gauge of improvement

Cluldren with catarrhal bronchitis —For these, training in nose mstead of mouth
breathing 1s necessary Limbening up, strengthening postural and balance exercises
are needed more than relaxation traiming  Most of the imberning-up exercises are
given 1n the form of rhythmuc swinging or ** stretch relax ™ exercises, these bring
about relaxation of the tightened accessory muscles of insprration *

Strong remedial exercises, some in kneeling posttions and some 1n crawhing
posiiens, are used for bigger children  Good posture is encouraged by the use
of mirrors  Later, more difficult balance exercises replace the mtrror correction

Other physical treatment
Many of these patients are given a course of general ultra-violet hight, adminis-
tered on alternate days for 20 doses for its general sumulating effect  The dose
F Ch a A oa.

lrman 2w tho hads np a1 nned

the horny dead layers of cells on the surface  Another course may be grven
after a 2 or 3 months’ gap

Short-wave diathermy 15 beneficial in the treatment of nasal sinusitis partly
for 1ts bactericidal effect and partly to produce hyperaemia It can be applied
to the chest wall as a form of treatment for asthma, emphysema and bronchutis,
i order to increase the circulation

PNEUMONIA AND PLEURISY
Pleurisy
Since pleurssy which does not result from pneumonta 1s most often of tuberculous
or carcinomatous ortgin, breathing exercises should not be given

Pneumonia

It 1s most important that breathing exercises should be mven early after
pnermoma to help re-expand parnally collapsed bases, to prevent the development
of fibrosis and to expedite resolution Modified exercises can safely be given
duning broncho-pneumonia, and this 15 done 1 many London hosprtals and
thoracic umts with good results

The best form of inspiratory localized breathing exercises are called * prcs;urc
expansion exercises ”  Pressure 1s used to gain localization of movement an 1;
tram the nspiratory muscles by giving them resistance  The exerctses arcT l‘f‘sec
to develop full use of the lung bases, particularly on the affected side o ;Sr
exercises are described in detail Iater, because they are the same as those used fo!
surgtcal chest conditions
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LUNG ABSCESS, COLLAPSED LOBES AND BRONCHIECTASIS
Physical treatment 1 these conditrons s directed to drarmng the muco purulent
secretions ansing from the abscess or the bronchiectatic bronchy, and to regaiming
erpansian tn those parts of the chest where resprration has beea restricted because
of the pathological condihon

The elimination of muco purulent secretton s facihitated by postural dranage
and expiratory breathing exercises, and by tapdtement or percussion treatment
consisting tn clappung and pressure-ubrauon

The posture sequired for successful dramage 15 decided by consulung the

It 1s of 1mp to find out which bronch: are draiming an
abscess  One or two of the fly corract posture
must often be tried out before good dramagc occurs (Fig 188)

Clapptng and p durtng long are the most effectine

forms of mechameal stimulus to elinunation of secretions  They are carred aqut
over the affected areas, for bronchiectasis, during the first few mmutes of postural
drarnage  For lung abscess clapping should not be allowed, because it mght
cause haemoptysts, fine vibrations, with a lttle pressure during prolonged
expuration, are used tnstead  In cases e which severe haemoptysis complicates
P 4

e
. should be practised n exprratory manner
After this time, if there 1s stib restricted
movement, they can be practised o the full insptratory manner, as described for
post-operative surgical patients

PULMONARY TUBERCULOSIS

Patients about to get up after prolonged rest in bed gamn considerable benefit
from physiotherapy It 1s particularty usefut for * poor breathers™, for patients
suffering from nervous tenston, and in cases of long standing pleurtsy
Tnadequate respiration

The poor or bad breathers are (hose who have suffered from brCa(hlcssness
and who have therefore developed a shallow upp
This type of respiration 1s detrimental 1n patients wiih bitateral lesmns Paents
with a low vital capacity who are awarting thoracoplasty also improve with
controlled breathing exercises
Controlled breathing

This controlled breathung consists in careful, gentle, localized development
of the area of the chest where the pattent has sound lung, combned with training
s complete relaxation and control of the leston areas A patrent trained thoroughly
and carefully once or twice a day takes between 4 and 8 weed s to get such good
contrel that, when asked o take & deep breath, he only £rpands the lower chest

The patient with a low vital capacity ss trained yn dizphragmatic breathing
and in careful localized lateeal basal expanston of each side, at first separately
The vital capacity car usually be raesed by 400-700 mullilitres 1n about 3 weeks
Nervous tension

Restless, nervous, worried patients can be helped by tramung in general phystcal
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Fia 183 —Postural dramage posttions  (a) For drainage of the posterior
segment of the right upper lobe  (Note the quarter tum nr}m ‘backwards
. - T LR entat Ay
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R - :

{1943) and to practical expenience with a large number of cases )

relaxation of the same type as 1s tanght to asthmatic patents The general
§ nse of physical well being induced brings about a release of nervous tension

Pleunsy

Patients with a history of long standing tuberculous pleunsy are sometimes
leRt with a painful suff chest having restncted movement  This condition can be
eased by careful localized expansion exertises of the lateral basal area of the
aflected s1de, combined with good traming 1n diaphragmatic breathing
Strengthemng exercises

Graduated strengthening exercises for all the mawun ante gravity muscle groups

403



PHYSIOTHERAPY FOR CHEST DISEASES

are important after a fong peniod of rest 1n bed They should be started weeks
before the patient 15 to get up, so that the strength of the foot, feg, back and neck

can be graduall d  Ths prevents poor posture and flat feet In
suitable wards these exercises can be performed in a graduated class

PHYSIOTHERAPY IN SURGICAL CONDITIONS
Pre-operative training in breathing control 1s of importance 1n almost all surgical
chest condutions, acute empyema being the only excepteon , but 1€ 1s tn the early
post-operative period that localized breathing exercises are essenttal for the
patient’s uneventful and speedy recovery In this peniod post-operative collapse
can be pi d by bl goad fi of the g lung or
lobes Between 1 and 2 weeks' pre operative traimng Is necessary to establish
good control and develop localized expansion movements, unless the patient has
a low vital capacity, when 3 or 4 weeks may be necessary

Pre-operative physiotherapy
Pre-operative exercises 1n chest surgery can be divided mnto three main groups
(1) localized breatiung, (2) posture and (3) shoulder movements

Localized breathing exercises

Localized breathing exercises are important (o establish breathing control
1n any cases of thoracotomy for a removal of cysts and non mahgnant tumours,
after empyema drainage or decortication, and 1n all cases of lung resection

In order to bung about good localized movement of any one part, the rest
of the chest must be relaxed ~ Tramnng ta physical refaxation is therefore necessary
to gan breathmg control

In all non tut lous and 1 chest cond chest
meludes the development of full equal bilateral chest movements, and restoration
of the ability of each patient to undertake lus normal activities and exercise
without breathlessness
Postural training

Secondly, a good balanced stance or posture should be taught, as previously
descnbed for bronchitic and asthmatic patients This can also be achieved
n bed, sitting 1 a good position, with pillows, arranged to help to mamntan it
Small corrective active movements should be practised to prevent each possible

t fault  Pre-operative and p P exercises which teach

p P
* mbenng-up ™ and postural muscle- h should be p with

the Jocalized breathing exercises i
Arm and shoulder movements

Thirdly, arm movements must be mawntained by relaxed active shoulder move-
ments taught pre-operatively  They include scapular movements with a relaxed
arm, gleno-humeral movements with the scapula controlled, and combined
shoulder pirdle movements The movements are 1solated and controffed n order
not to stretch the incision and stitches, and to mamtam good functioning with
mummal phystcal exertion in the early post-operative period  The latter reason
1s particularly important for tuberculous patients
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Postural dramage

In all cases of bronchrectases and lung abscess, mtensive pre-operative posturaj
drawnage forms the fourth and most tmg part of ther The
patient’s lung should be as dry as possible before operation, so that post operative
collapse, caused by an overflow of secretions mto neighbouring bronchr, may
be prevented

Localized breathing exercises
Diaphragmanic breathing

Prior to b 15 of great m all types of
major chest surgery, because 1t develops the use of the lung bases and helps 1o
Leep them clear of mucus 1n the early p p period L

of
movement to the eptgastric and antero lateral lower costal area is taught m
conyunction with relaxation and control of the upper chest
During the major part of therr pre operative treatment, patients with bron.
chrectasts and lung abscess are taught the same slow exprratory type of diaphrag-
matic exercise as used for asthmatic patients, to help in the ehmmation of the
muco-purulent secrettons  In other surgical conditions, the accent of the exercse
15 equally on with of the upper abd I muscles and on
normal duaphragmatic expansion  The pattent should keep his fager-tips resting
Iightly on Iis lower front ribs n order to facihitate consciousness of the move-
ment  Actusl pressure should never be applied because it produces trick move.
ments For a few days before operatton all pattents are taught a shortened form,
that s the sharp expiratory diaph hing used in cases of asthma - Thiss
an aid to the of post h mucous smmediately
after the operation, especially 10 cases of jung resectron

Localized costal-expanston evercises

The arm of these exercises 1s to stimulate good expanston of any areas of the
chest where movement 1s poorly developed or impaired through disease or wnjury,
and at the same tme to inhibit other chest movements  This inhibstion of move-
ment is achteved by relaxation and control, coupled with good evpanston of
any one part of the chest, 1t ensures that most of the mr inspired will be drawn
into the expanding part of the lung

Pressure 1s applied over the moving costal area 1n order to focus the attention
of the patient on the site and directton of movement required, and, through the
resistance given, to develop muscle tone  Pressure 15 applied at first by hand
and later by using 2 belt

For these purposes the chest 1s divided mto four man ateas (1) The fateral
basal area, 1 which expaasion of the chest is outwards against pressure applhed
by the palm or knuckles on the side of the lower nbs  (For positton of hands see
F1g 185 Figure 189 shows the pressure apphed by the belt )

{2) The upper lateral area, 1n which expanston of the chest 1s outwards against
pressure applied by esther the palm of the hand or the fingers of the opposite
hand, placed high on the side (Fig 190 a and by

G) The pertoro-apical area, in which expnsion of the chest is_ upwards and
forwards agamst pressure applied by the palmar surfaces of the fingers, placed
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Fig 189 —T W (afze 17 years) has had a nght m ddle and Jower lobectomy for bronch ectas s
He 1s having local zed basal expans on exercise  (a) breath ng in while expand ng lower ribs
against the belt  (5) breathing out showing the belt pulled firmly prior to next expans on

over the upper chest The tips of the fingers rest just below the clavicle the
opposite hand being used (Fig 190 ¢ and d)

(4) The posterior basal area 1n which expansion of the chest 1s mamly back
wards against pressure applied by a belt placed across the back, covering the upper
posterior basal area

These local costal are d pre operatively in areas of the
chest where movement 1s poorly developed or has become restricted and after
operation when 1t 15 desired that full expansion shall be maintained or regamed
As soon as movement has improved on the weak side to about three quarters
of that on the sound side, bilateral movement 1s practised  This 1s necessary to
develop the normal co ordinated movernents of ‘both nides of the chest

The method of applying pressure 1s first taught by the physiotherapist by applyng
it herself 1Tt 1s then practised by the patient with his own manual pressure
Later a belt 15 used for lower and upper costal expansion exercises because the
shoulders can be more relaxed The belt crosses tn front the prece comng
from the left side being held by the nght hand and that from the nght side
by the left hand (Fig 189)

Localized costal can be p d in an y manner of in an
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mspreatory manner  In the former case expiration takes at least twice as longas

g’ and it 15 d by extra pressure towards the end of the
expiratory phase  The exercises are given n this manner prior to operations
for bronchiectasis and lung abscess and in cases of asthma and emphysema
The inspiratory manner 1s used for empyema after thoracotomy, and after
iob and y It 15 also used to stimulate the expansion of
collapsed lobes and in convalescence from pneumonia

When good expansion 1s required the patient 1s taught to breath in with as
strong expansion as possible agamst applied pressure mamntun the expansion
while holding the breath and finally relax while breathing out  Ths 15 followed
by a pause before reperting the movements

Each of the three phases are of equal duration  The nuddle phase however,
should not be allowed if a fistula 1s present

Physotherapy after thoracotomy

Physsotherapy 15 needed after thoracotomy pesformed o treat empyema or
for removal of tumours cysts neurofibroma or foresgn bodies (when Jung resection
15 not performed) or for hgation of a patent ductus arteriosus

Breathing evercises —Breathing exercises should be practised carefully for 1 2
- ‘ 2L A4 L e oariha

expansion exercises of the full mspiratory type are taught for each area of the
affected side of the chest Normal diaphragmatic breathing and bilateral basal
expansion are practised to develop full use of the lung bases

Postural exercises —Simple posture corrective movements are taught to help
hup, spne and shoulder al These are qmp while the
patientisin bed butassoon as possible graded class exercises for muscle strengthen
1ng and posture trammg replace lhcm

J— o banaad

Phystotherapy before and zfter pulmonary resection
Surgical conditions other than tuberculosts or carcinoma

In cases in which lobectomy or pneumonectomy 1s performed for diseases
other than tuberculosis or carcinoma pre operative treatment includes a course
of 3-5 weeks postural drinage with tapotement or percussion massage  This
conststs 1n clapping (except when there is a history of haemoptysis) and of pressure
vibrations applied during prol d exp: These pul: should be
carned out alternately for the first 3 5 minutes of each tipping session  Classes
should be held daily for Imbering up localized expiratory breathing exercises
1nd good posture trainmg DunnJg the week be{ore (Lhc operation the patent

i}
15 taught short sharp exp Y and locatized costal
H 10 the full insp y manner for the remaimng sound Jobe

crvlobcs which will be needed 1n the smmediate post operative phase 1n pre
paration for lower lobe lobectomy, expansion exercises are practised 1 the
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FG 191 —Same patent ac shown ~ By 00 pm— -
.

1
% U otrea octed sde

Pectoro apical and upper lateral areas  In the immediate post operative phase
£ood expansion of the upper lobe should be maintained  In 34 days when the
skagrams show that there 1s full upper lobe expansion lateral basal expansion
15 started to expand the upper lobe downwards By the end of 2 3 weeks expan
Ston shoufd have increased so that there 15 no space between the upper tobe and
the diaphragm

For patrents undergoing middle lobe lobectomy since the lower lobe rendily
tends to collpse mainly posterior and lateral basal expanston exercises shoutd be
Practised in the pre and diate post op phases

Or pitients submutted to pneumonectomy although all areas of the affected

$de should be well excreised beforehand lateral basal and upper lateral costal
€sPans on of the sound side and diaphragmatic breathing are the important
fueeeises  When these moyements are well developed about a week after opera
O €xpansion movements on the side of the pncumonectomy are practised to
Prevent the development of scoliosts  Bifateral expansion excrcises for the
lower and middle-chest develop normal co ord nated mosvements

Operat ons for tuberculosis or carcinoma
% hen taty or y 15 performed for tuberculosts or ¢ ma
309




PHYSIOTIIERAPY FOR CHEST DISEASES

inspiratory manner  1n the former case expiation takes at Jeast twice as longas
inspiration  and 1t 15 accompanied by extra pressure towards the end of the
expiratory phase  The exercises are gven an this manner prior to operations
for bronchiectasis and lung abscess and 1n cases of asthma and emphysema
The mspiratory manner 15 used for empyema after thoracotomy and after
lobectomy and pneumonectomy It 1s also used to stimulate the expansion of
collapsed lobes and 1n convalescence from pneumoma

Wherr good expansion 1s required the patient 1s taught to breath in with as
strong expanston as passible agatast applted pressure maintan the expanscon
while holding the breath and finally relax while breathing out  This 1s followed
by a pause before repeating the movements

Each of the three phases are of equal duration The middie phase however
should not be allowed 1f a fistula ts present

Physiotherapy after thoracotom)

Physiotherapy 1s needed after thoracotomy petformed to treat empyema or
for removal of tumours cysts neurofibroma or forergn bodtes (when lung resection
1s not performed) or for ligation of a patent ductus arteriosus

Breathing exercises —Breathing should be p d carefully for [-2
weeks pre operattvely (except for empyema) and started within 24 hours of the
operation so that the lung may be re expanded before the pleura has time to become
thickened or fibrous scar tissue and adhestons can be formed  Locahzed costal
expanston exercises of the full mspiratory type are taught for each area of the
affected side of the chest Normal draphragmatic breathing and bilateral basal
expansion are prectised to develop full use of the lung bases

Postural exercises —Simple posture corrective movements are taught to help
hip spine and shoulder alignment  These movements are important while the
pattent1sin bed butassoon as possible graded class exercises for muscle strengthen
1ng and posture tramning replace them

Arm and shoulder moxements —Relaxed active shoulder movements are changed
to resisted movements and free exercises as soon as posssble (F1g 191)  Elevation
of the arm should be of full range by the fifth or sixth day

Physiotherapy before and after pulmonary resection
Surgical condittons other than tuberculosis or carcinoma

In cases tn which lobectomy or pneumonectomy 15 performed for discases
other than tuberculosis or carcinoma pre operaftve treatment includes a course

of 3 5 weeks postural d with tap or pi massage This
v £ OV and aPnraccyre
15

585
15e8
and good posture traming  During the week before the operatton tne pwent

1s taught short sharp y p and localized cos';ﬂl
1n the full y manner for the remmming sound lobe

orrlobes which will be needed 1n the ymmediate post operative phase " In p&::c
paration for Jower lobe Y, exf are p n
408
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F

arm on the affected s de

‘g:f)'g?x a::’cal am;l_ upper lateral areas  In the immediate post operative phase
Shagmnl:s s;:m‘ of the upper lobe should be mamtained In 3-4 days when the
s started 1o ow that there 1s full upper lobe expansion lateral basat expansion
s10n should ;:l"'zﬁl::hzuzpcr lobe downwards By the end of 2 3 weebs expan
the daphragm reased so that there 1s no space between the upper lobe and
lcvfdosr(g?;f]ms undergomng middic labe lobectomy sinice the lower lobe rerdily
practised mﬁ&se matnly posterior and lateral basal expansion exereises should be
For patient: € Pl;c operative and immedtate post operative phases
ade should bs submitted to pneumoncctomy although all aseas of the sffected
evpansion orc:\cll exercised beforehand lateral basal and upper lateral costal
exererses w( e sound side and draphragmatc breathing are the importint
Lo S hen these movements are well developed about a week after opera
I of the pneumonectomy are pracused 10
1 Bulateral expansion exercises for ibe
co ordinated moyvements

Opere
g itons for tuberculons or carcrmoma
n
or 1s d for tubcrculosts or caranoma
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wspratory manner  In the former case expiration takes at least twice as long as
mspiration, and it 15 accompanied by extra pressure towards the end of the
expratory phase  The exercises are given 1n this manner prior to operations
for bronchiectasts and fung abscess, and 10 cases of asthma and emphysema
The inspiratory manner ts used for empyema, after thoracotomy, and after
and p It 15 also used to stimulate the expansion of
collapsed lobes and 1n convalescence from pneumonta
Whert good expanston 1s required the patient 1s taught to breath 1n with as
strong expansion as possible against applied pressure, mamtain the expanston
while holding the breath, and finally relax while breathing out  This ss followed
by a pause before repeating the movements
Each of the three phases are of equal duration The middle phase however,
should not be allowed 1f a fistula 1s preserit

Physiotherapy after thoracotomy

Phystotherapy 1s needed after thoracotomy perfornted to treat empyema or
for removal of tumours, eysts, neurofibroma or foreign bodtes (when lung resection
15 oot performed) or for ligation of a patent ductus arteriosus

Breatiung exercises —Breathung exercises should be practised carefuify for [ 2
weeks pre operatively (except for empyema) and started within 24 hours of the
operation, so that the lung may be re expanded before the pleura has time to become
thickened or fibrous scar tissue and adhesions can be formed  Locahzed costal
expansion exercises of the full nspiratory type are taught for each area of the
affected stde of the chest Normal draphragmatic breathing and bilateral basal
expansion are practised to develop full use of the lung bases

Postural exercises —Simple posture correctine movements are taught to help
hip, spine and shoulder alignment  These movements are tmportant while the
patient 13 1n bed, but as soon as possible graded cla for muscle strength
ng and posture traiming replace them

Arit and shoulder movements —Relaxed active shoulder movements are changed
to resisted movements and free exercises as soon as possible (Fig 191)  Elevation
of the arm should be of full range by the fifth or sixth day

Phystotherapy before and after pulmonary resection
Surgical conditions other than tuberculosis or carcinoma
In cases in which Iobeclomy or pneumonectomy 15 performed for diseases
other than ncludes a course
of 3 5 weeks postural dramage with mpotcmcm or percussion massage This
consists n clapping (except when there 15 a history ofhaemoptysls) and of pressure-
vibrations applted during These should be
carned out alternately for the first 3-5 “minutes of each uppmg session  Classes
should be held daily for imb up, localized hing exercises
and good posture trarming  Durmng thc week before (he operatmn, the patient

1s taught short sharp exp y dap and Jocalized costal
1n the full y manner for the remainmg sound lobe,

or lobcs which will be needed 1n the immediate post operattve phase In pre
paration for lower lobe lobectomy, expansion exercises aré practised 1 the
408
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FIG 192 —L M (aged 30 vears) after
second stage nght 8th rib thorauo
plasty _(a) Correction ot posture
front of mirror sittng up away [ m
pillows between 2 3 weeks after opera
tion (8) lateral deviation movement
of neck agamst resistance 1o correct
natural tendency to left deviation

of the long tcision, the postural and arm movements are isolated to a single
movement at a time
“IS\" :‘he factors concerned with the maintenance of good posture are demonstrated
bl © use of 2 mirror placed at the foot of the bed (Fig 192g—here the pauent
prmcn 3 weeks after second stage th }  Correctine are
" 1sed for any present faults and to prevent those hikely to occur after operation
12 192b—here neck correction 15 being practised 3 weeks after nght second
Stage thoracoscopy)
mgﬂlphmgmalnc breathing 15 practised i the patient’s own tme and with
mrfsﬂe relaxation of the upper chest This 1s the most important breathtng
. IS¢, ensuring good wse of the base of the fung on the thoracoplasty side and
PIg to prevent paradoxical breathing in the upper chest after operation
Plast ““ﬁd Postero-lateral basal expansion 1s practised on the side for thoraco-
but y little pressure 15 applied to help the patient to feel the movement,
115 applied gently so that 1t 15 locahized  This exercise 1s essential for patients
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pre operative physteal treatment consists in 1-2 weeks' individual tramnng 1
relaxatton and control of the chest, coupled with diaphragmatic breathing and
with small focalized untlateral exp ments of the healthy parts of the
lungs  In tuberculous cases the amount of good daphragmatic movement that
1s possible will depend on whether or not there has been a phrenic avulston or
a pneumopentoneum s present  Relaxed active shoulder movements and
postural corrective are p d before but they are of
secondary importance to the controlled breathing exercises
In preparation for upper lobectomy, small pectoro apical expansion move
ments are practised on the sound side for a few days 1f there 1s a large cavity
in the upper lobe on the affected side If there 1s infiltration withont eawty
formation 1n the upper lobe, ths pectoro apical expansion can be practtsed gently
on the affected side After operation, this exercise and upper lateral costal
expansion are used to help to expand the lower lobe upwards As soon as
expanston 1s complete (in about 2 weeks) breathing exercises are stopped Postural
corrective nts and d d muscle str h may be
needed for a further 2 weeks and should be supervised until the pattent 1s ambulant
Foot and leg exercises should be practised for 2 weeks before the patient gets up
When pneumonectomy 1s performed for carcinoma the patients tend to be
elderly, to have suff chests, and to use the upper parts excessively In the short
pre Op period good diaph m t and umt 1 lower costal
expansion of the healthy side are developed If these¢ breath are
practised frequently mn the early post operative phase, there 1s little danger of
collapse of the lower lobe, or of pneumonta caused by imnfection of retaiped
Grad d foot and leg should be started on the day after
' ! These patients usually begin
exercises are continued and
RN

P an

atients
P When pneumonectomy 1s performed on account of tuberculosss, sumidar
breathing excrcises are used but the foot and leg exercises are postponed until 2
later date Postural corrective movements need mote attentton with younger
and more mobile patients, some of whom have poor postural muscle tone

Ph; for plastic
In these operations there are extensne muscle meisions and nib resections, and
therefore postural muscle strengthemng and training are essential

Thoracoplasty
Pre operative exercises —Many of the patients who undergo thoracoplasty hav;
poor muscle tone and posture resulting from fong periods of rest 11 bed and o
curtailed physical exertion  Some have a shaflow upper chest type of resplrat';m;
with Jow vital capacity Pre operative tramng 1s needed for between 1 and
weeks Care should be taken to graduate these movements and exercises 1n order
not to tire the tuberculous patient  For this reason, and to prevent any stectchung
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0
/Q 3T, FIG 192 ~LM (aged 30 years) after
A% S N ‘{ﬁ second stage_night $th 1ib thotaco-

N plasty (a) Correction of posture in

¢ front of murror siting up away from

i pillows between2 3 weeks afier opera

.
DN
+ tion (5) lateral deviation movement
y f of neck against resistance o correet
™ = 5 \de natural tendency to left deviation

(@

of the long mcision, the postural and arm movements are isolated to 2 single
movement at a time

All the factors with the of good posture are d
with the use of a nurror placed at the foot of the bed (Fig 192a—~here the patient
1s seen 3 weeks after second stage th ) Corrective ts are

practised for any present faults and to prevent those likely to occur after operation
(Fig 192b—here neck correction 1s being practised 3 weeks after nght second
stage thoracoscopy)

Duaphragmatic breathing 1s practised in the patients own time and with
complete relaxation of the upper chest This 1s the most important breathing
exercise ensuring good use of the basc of the lung on the thoracoplasty side and
helping to prevent paradowical breathing m the upper chest after operation

Localized postero lateral basal cxpansion is practised on the side for thoraco-
plasty A little pressure 15 apphed to help the patient to fecl the movement,
butitis apphed gently so that it 1s localized This exercise 1s essential for patients

an
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undergoing general anaesthesia ‘Traming 1 relaxation of shoulder and arm
muscles 1s needed, so that movements can be 1solated, so far as 1s posstble, to

dividual groups M of the scapula, with relaxed arm-depression
and retraction, and gleno-humeral movements with controlled scapula are taught
Those most used are elbow rasing (o shoulder level in different planes to abduct
the arm, extenston, and outward rotation

All shoulder-joint movements are performed with a bent elbow, i order to
give the patient a small weight to hift and therefore the least strain on the muscles
controlling the scapula  The arm 1s elevated above the head, with assistance
at first (Fig 1914), and later, when the movement 1s practised by the panent, both
arms are raised, the palms meeting {Fig 1916) Ultimately he can separate the
arms above the head, and practise raising the affected arm by itself

Post operatne exercises —After the second-stage operation, when the nbs
beneath the scapula have been removed, elevation of the arm should not be
practised for 5-7 days Until the scapular movements are strong, elevation 1s
painful, and 1t can shift the scapula when 1t has been placed forwards with ats
nferior angle beneath the seventh and eighth nibs

In the event of post-operative collapse of the lower lobe, postural dratnage 1s
arranged for half an hour 3 times a day for a few days The patient 15 placed
on his sound side with a pillow support for hus head and neck, which should not
be allowed to drop towards the sound side The foot of the bed 1s raised 16

"
P!

inches from the floor Diap an lateral basal exp
exercises are practised with expiratory emphasis
Postural 1 h should be d unul the patient

15 allowed up, and then should be supervised once or twice a week either 1 ward
classes or individually Foot and leg exercises are started 1n the last weeks
pnor to getting up  When the patient 15 up, classes 1n graduated posture traintag,
walking and balance exercises prevent postural deformities ansing from bad

habuts of stance

Extrapleural pneumolysts

In cases of extrapleural pneumolysis, the postural back muscle incisions are
nearly as extensive as 1n thoracoplasty  There 1s, therefore, a stmlar, though
less severe, temporary ibalance of the upper thoracic extensor and shoulder
retractor muscles Pre operative training in locahzed postural corrective move-
ments and diaph 1c h with of the upper chest, 15 practised
as for thoracoplasty patents Usually about 4 periods are suffictent  Because
n such cases the tuberculosis 1s frequently more active, precautions should be
taken not to tre the patient Localized arm movements can be practised once
or twice with the opposite arm  PUS! DpETative Tentment 13 not usually neeessaty

for more than 2 weeks
— -

for e w1~ ang gre used for

the graft
deltord can be
but neither stretchmg nor contraction of the muscle
Movements are then gradually
Iightly bound to the side, to

practised to prevent atrophy,

used for the graft 1s allowed for the first 14 days

mncreased  The arm 1s exther kept 1n a sling or
412
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prevent the patient from ustng 1t inadverteatly  Postural corrections and breathing
exercises are used

Posture

In the physical rehabiitation of *surgreal chest * patients, co operation
between nurses and physmlhcmpxst 15 necessary 10 mmnmm good postute in bed
and to ensure early to post and thus
prevent collapse of the lower lobes
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Tuberculosis—continued
pulmonacy—cont aved
treatment—continued

msponslblmy nnd 386
Testin
sanatornum 378
Sanocrysin in 383
specific JSZ 383
symptomatc 383 384
\homcoplas(y 403415
travelling and 385
tubercukn 382-383
tumours causmg haemoptysis 319
ulcers and 319
urine examinalion in 370
ventilation and 385
village settlements 378
vitammn deficiency 1n 384
vocal fremitus absence of 323
weight loss in 384
wheezing in
working conditions and 385
Ziehl Nielson staining 365
tenal polyartentis dl:\gnosls from 78
resistance o 266-27%
sarcoldosls dlagnOSIS from 187
sheletal 3
smndardnzed deaxh rate 248
students and 21
Sulphetrone 447 448
surgical 30
total deaths 2.
tracheo bmnchlal chemotherapy m 444
tuberculin surveys 252
village settlements 263
war time and 259
wotld prevalence of 245
Tuderculomiataemis & pnwmmmxam 278
Tularaemia preumonia of 1
Tumours (see also specific neupl:sms)
bronchial
adenoma 331 335
fibro-sarcoma_330
chest wall 344 349
dnphxagmmc 384-386
effusion pleurat md 360 14
mediastinal 358 374
neurogenic
non mahgnant physlmh!mby and 404
pulmonary 306-34

u

Ulcer of tongue 1n whoopmg cough 158
Undulant fever in preumonta 103
Upper respiratory tract rcspnranon and 23
Urine examination
pneumococeal pneumonia tm 80
tuberculosis pulmonary 1n 370
varadum demonstration of 149
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Vaccmation (see also specific vaccines)
haematogenous \uben;ulous m 312
‘whooping cough m

Vaccines skin testing
blastomycosis 1n 190

monahiasis 1 171

Venesection
embolism 1n 248
meduastints 1 356

Village scttlements 263 378

Vital capacity 33
asthma i 88
emphysema, 1n 112

dema pulmonnry m 128 129
silicosts in 2]
tamin
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‘Wasserman test in pulmonary syphilis 237
Wenberg complement fivalion fest 1n hydatig

Westergren erythrocyle esumanon method 375
Whooping<ough 1
ademtis hllnr slmul:lmg 285
actiology
:lumde lmalm:n\ 159
antispasmodics in 159
atelectasis 131
atropine . 159
aurcomyein in 159
bacteriology 154
belladonna m 159
lood count 1 158
bromoform 1n 159
bronchiectasis caused by 159
ronchitts acute tracheal and 51
catarrhal stage 151
loromycetin 16 158
chn cal course 156-158
complications 158 159
death rates 154
decompression freatment 159
ephedrine in
epidemsology 154
Eumydrinin 159
general measures 153
immunization {60
ncidence 155
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