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PREFACE

Tms book on Diseases of the Chest by thmty-one authors has in
constderable organization, and our thanks are due to the patience and
humour of the authors of the varous sections. An attempt has been m
render the volumes reasonably comprehensive, and to avord undue overla
Advances, especially in the field of Chemotherapy, are developing rapidly.
able as they are, they may be regarded as powerful accessories to, rather t
lished scientific tech , and we hope that th

iittle 1 this baok which will have to be discarded after standing the test o

A chapter on Physiotherapy has been included, a small acknowledgm
the amportance of this subject to those who are responstble for the tre:
of patients suffering from diseases of the chest

Our thanks are due to Drs M H Jupe, R S. Murray, E. G Sita-Lu
and L. B Stott for supplying us with x-ray photographs for reprodu
to Dr D Barron Cruickshank, Mr. ). P, Entract, and Mr T Cawl
assistance i checking the Bibliography , and to Drs I €. Lodge
H C. Hamilton and C Bartley for help 1a reading the proofs

GEOFFREY Mar

June, 1952 KENNETH PERR






CHAPTER 1}

BRONCHO-PULMONARY ANATOMY
A. F. FOSTER-CARTER

In THE past twenty years the detailed anatomy of the b'vzr.‘..ﬂ trez zad omps ks
acquired great practical importance and much has beea wrizies o2 e et
Nevertheless, 1 spite of recent advances, ue mast s211 acknowledpr 2af admiy
the work of Wilham Ewart who published his gonerrept o2 e Proail pud
pulmonary blood vessels in 1§89, Ewart may Loty be el ehe ke o Sroneal
anatomy , with great mgentity he succeeded i iz ety £ i pufrmmemey
vessels in Wood’s metal and his anutomtial descripeion w18 $3 RISTRTE ThoT TOL
of 1t has remained unchanged to this day, He wzb 252 i I8 i oo B2z
broncho-pulmonary segment, which ks sioze beerr e Ry LT anr DLt
of pulmonary anatomy. Ewart wrote ¢f wepmezis 7 leriucer of wmmizner T
within the pulmonary fobes, each sorplis? by 2 Droeetad Tumet 1202 35m T ut
communrcation with its nerghbours. Thz ewmizmer of Zeow wiiren, vy e
now calt broncho-pulmonary segmerei, oy See 3y eoplrmes 4w
anatomneal and embryological stodzs. B
“

bnibaieny s k] aPat s - 2Tt Semamne T
) B S e e SRr g e
et . il vy

somewhat resembles (32t of 2 SaciSemy. £ X moarst
each of whichis 2 Encloplrp bromglZ bl % x ot B IS 20 e

B R I R I

eipenst of their peighbonry. Far o mmovo g WS AnRT T e

e Tranetial Pl TED 2 MRes ooe

retative sizes ja & Tt Lo,
A broncho-pulmerzry sepene vz vetme o uuE W 3Tt o o L.

Tronchiss and, 1 23 e prlmen pe U 10k earrARTs AF 4o o 2
areas of ung szppiied by Lfmrerr Tyt v ringt & Tk e Cewe o '
GoW 10 the terr AL U Sn. § o grutiasl pirpnts, Cors g Wt e o
betwoen adjace=? b el gnfitnraed s . Wuh § Dy g 0t
Bomgected 110 2 g e e wpeet€ Af g o, TS

T oy

‘bronchus i3 ciu'.-ﬂé{ad WG L VT M L AL S s o P
mg segments, In fact, ¢ N O W P
partitions which ¢z bz trace? u?,?ﬂwya KA AR
are not obvious  Viked & bromitess, stmy wrrwee 4 o0 G0l
Sepia often bovome thatken sl 3o4 iatrcaing 5k ey aue o, ot e
naked eye (Fig. 1) AhO R ¥ 10t sviid toded aes'yr o 0% v g,
mdividual broncho-pulmorary wegrer<s e :
Tt will be seen that the Jung ean b dordiod Mic e 3w, ~
segments, depending upon the g2z 6f Cr gares e "0 Lo, e

H P



ORUNCITIEPULMUNARY ANATOMY

\
Fic | —Inter-segmental boundary The thickened and oedematous inter-segmental septum

can be scen 1 the centre, with a normal segment on the left and a collapsed segment
on the nght

Fic 2 ~Diagram of the broncho-pulmonary segments
A~ Rught lung, lateral view B Right lung, medial view
C Both lungs, antenor view D Both lungs, postenior view

E Left fung, lateral view Left Jung, medial view

F
{For key 1o numbering see Table )
2



NORMAL BRONCHIAL ANATOMY

An arbitrary choice must be made and 1t 1s convement to define a broncho-

equivalent to the upper and middle lobe bronchi of the right lung) 1f these
branches are chosen as segmental bronchi, the lungs will be divided nto a
reasonable number of large segments which vary very little 1n their distribution
(Fig 2), whereas if smaller branches are described, the whole picture becomes very
comphcated and the smaller umts do vary considerably in their relative sizes
More 1mp stll, path usually involve the large segments and
they can often be reccgmzed radmlogmz\\ly

Figs 2 and 3 show the common ar of the human b fal tree and
1he broncho-puimonary segments \!\ey are based on s\ud\es of mﬁc\cd specxmens,
dissections and casts and the and 15 that
by the Thoracic Society of Great Britan (1950) 1n consultation with an International
Camuuttee (see Table),

TABLE
NOMENCLATURE OF BRONCHIAL TAZE AND BRONCHO-PULMONARY SEGMENTS
Right upprr Iabz bronchus Left upper Iohe bronchus
Anterior (3) Upper division
Anterior (3)
Apicowposterior () and 2}
Ampeal (1) Apieal (1}
Postenior (2) Posterior (2)
Right muddle lobe bronchus Lingila (lower dwision)
Lateral (4) Supertor
Medual (5 h\\'enm (5)
Right lower lobe bronchus Left lower lobe bronchus
Apical pical (6)
Medial basal (cardiac) (1)
Aaterior basal (8) Antenor basal (8)
Lateral basal (9) Lateral basal (9)
Postenor basal (1%) ‘Posterior basa) {(10)

Fig 4 shows a senes o(' bronchugmms correspondmg to th: dmgmms of the
bronchial tree T~
1eft postenor) ot . . ..
45°to the film ~

NORMAL BRONCHIAL ANATOMY
(The numerals appearing after some headings refer) 1o the bronchi and segments shown &y
s 2 an

Right upper lobe

EVSAN . B .

Moptet UL uy uppll pdil o1 e gnt man bronchus and atter a
about 1 centimetre it divides 1nto three branches

3

shont arme of






NORMAL BRONCHIAL ANATOMY

Fio 3 —Dnagrams_of
the normal bronchial 2//3
162 H

tre Anterior
view, (8) Reght lateral
view, () Right an-
teror obhique view,
(d) Left lateral view’
(For key to_number- 6 4
ng see Table on
page 3) <
5
8
© /l 9 >
10

4



BRONCHO-PULMONARY ANATOMY

Fic 4 —Normat bronche-
grams (a)postero-anterior,
(b) mght lateral, {c) right
anterror oblique These
bronchograms  should
compared with the cor-
responding  diagrams  m
Fig 3 to adenfy the
tndvadual branches (Bv
kind permssion of Dr
Senton

)



NORMAL BRONCHIAL ANATOMY

Fia 5 —Cellowdin cast of the
‘bronchial tree at birth  Right
anterior obligue view  (for
companson wath Fig 3 (0))
Note the long descending,
paravertebral branch of the
left lower apical bronchus (6)
Also the upward displacement
of the apical branch of the
right upper Tobe bronchus (1)




BRONCHO-PULMONARY ANATOMY

Apical (1)~This branch goes directly upwards and shortly divides into a
prominent ¥ which is easily ized in bronch (Fig. 4b). Consolid.
of the apical segment appears as a dense shadow filling the dome of the pleura and
tapening downwatds to the hilum, N

Posterror (2).—This branch 15 directed backwards and slightly upwards to
supply the postero-lateral part of the lobe Soon after jts origin 3t gives off an
important lateral branch. The posterior segment 15 often piched out by aspiration
infections and becomes the site of pneumomia or lung abscess It is also the most
common site of post-primary tuberculosis and has acquired additional importance
ow 1 * B At e
culost ¥
asa . ' .
the periphery ; the shadow becomes much less dense as the narrow part of the
wedge approaches the hilum (Fig 6a) In the lateral radiograph, the shadow 15
uniformly dense and situated posteriorly, extending forward to the mid-axilla
(Fig. 6b) Lateral tomographs are often helpful 1n visualizing this segment.

Antertor (3) —Thus branch extends horizontally forwards and also provides an
important lateral division soon after ats origin  Consolidation of the anterior
segment produces a dense shadow above the nuddle of the lung feld 1n the postero-
antenor radiograph (Fig 7a) The lower border 1s sharply defined by the lesser
fissure and the density extends right to the mediastinum which distinguishes it from
a consofidation of the posterior segment In the fateral view the shadow 1s situated
anteriorly and extends back to the mid-axilla where its maximum density 15
situated (Frg. 7b)

Lateral or ‘“ axillary ** area of the right upper lobe

There has been some confusion in the past concerming the bronchial supply to this
area. Fig 8 shows a cast of the right upper lobe bronchus of a human foetus
viewed from above, which demonstrates clearly the most usual arra‘ngem:rL\t. It )

& . PO A ahm tesemad Lol AT

s(‘)r‘nc earher workers Boyden and Scannell (1948) have shown that 1n 16 per cent
of cases the lateral branch of the posterior bronchus arses dxrecljry or almost
- ST Aot twem

Yen Thnennin

Right middle lobe
The right middle lobe bronchus arises from the antero-lateral aspect or!hc rjgh!
main bronchus and extends forwards, outwards and downwards It divides into
two principal branches. 3
Lateral (4) ~This branch supplies a wedge extending from the hilum and reaching
the posterior haif or two-thirds of the lateral surface of the lobe
3



NORMAL BRONCHIAL ANATOMY

Fic 6—Consolidation of pos-
teror segment of night uj
fobe (@) Postero-anterior
radiograph showing consolida-

of same patient showing
obstruction of the postersor
bronchus o the consalidated
segment, con
autopsy " (By ﬂmnesy of
Amer J Dis Chest )




BRONCHO-PULMONARY ANATOMY

Fig_ 7-—Consolidation
of antenior segment of
night upper lobe  {a)
Postero-anterior
radiograph ~ showing
consoldation of the
antenor segment due
to a lung abscess (B)
Latera) radiograph
of same patent (B
courtesy of Amer
Dis Chest)




NORMAL BRONCHIAL ANATOMY

Medial (5)—This bronchus supplies the remainder of the lobe, mcluding the
medial and anterior aspects and the antertor part of the lateral surface

Consolidation and collapse of these segments, either separately or together, 1s
not an infrequent occurrence and 1s easily recogmzed e radiographs In the
postero-anterior view the shadow extends out from the fower part of the hilum 1f
the medial segment 15 involved but 1s more perspheral at the same level when the
lateral segment 15 affected A lateral view 1s essentral to distinguish middle lobe
lestons from those 1n the apical segment of the lower lobe Consolidations of the
1ndividual middle lobe segments may be disttnguished by their positton 1n the lobe
as shown 1n the lateral radiograph

Fic 8 —Celloidin cast of the
right upper lobe bronch: 20
weeks' foetus  Viewed from
above 1o show the large
fateral branches of the
antertor and postertor
bronch: Scale n mullimstres

Left upper lobe

It1s common knowledge that the left upper lobe 1s equivalent to the right upper
and middle lobes and 1t 15 convenient to consider sts anatomy at this stage  As one
might expect, the left upper lobe bronchus has two main divisions corresponding
to the broncht of the upper and middle lobes in the right lung -
Upper division

L

P . P

UL HIL PUSILLIVL SERLIEHL Iy UE INYUIVEU SePATdlety 10 PAological proes. & =
is more common for the apico-postersor segment on the left side to bga_‘i.;:n' =
whole. Consolidation of thts segment appears in the pos|ero-an!ermrr"’hz
as a dense shadow filling the whole apex of the lung, with its lower b(‘{d::

1




BRGNCHO-PULMONARY ANATOMY

upwards from the hilum In the lateral view it can be distn, uished fre
om consolida-
tion of t}xe antenor segment by 1ts posterior position ¢ sonc
Anterior (3) —The anterior bronchus of the left lung resembles that of the right
but usually supplies a larger area which extends backwards to the ter-lobar

Fi6 9 —Sketch of dissected and njected left upper lobe  Fi¢ 10 —Diagram of the bronche

(after Scannefl, 1947) Medial aspect, showing a tri- and segments of the feft uppzr
furcate branching of the upper lobe bronchus caused by lobe  (after Boyden, 1949)
downward displacement of the anterior segmental Lateral view  Note that the
branch (3), whih forms the central imb of the hingula bronchus has three im-
infurcation  An accessory bronchus (X) supples the portaat branches, superior, In-
area usually occupied by the anterior segment fertor, and lateral

fissure and thus compensates for the small size of the posterior segment The
ds hic ch tes of lidation of the left anterior segment are also

similar to those of consolidation of the right antenior segment

Lingela (lower deviston)

Ths broachus corsesponds to the nght middle lobe bronchus In most astances
it 15 long and divides 1nto two branches, superior and iferior  Boyden (1946) has
shown that in 22 per cent of cases 1t divides early mto an upper and postero-
laterally placed bronchus and a lower and antero-medially placed bronchus, Ths
variation corresponds more closely to the lateral and medial atrangement of the
right middle lobe segments, but the supenor, mferior pattern 15 more usual in the
lingula,

Supertor (4) —This bronchus supplies the upper part of the lingula area and has
a large lateral branch (Fig. 10), this sometimes anses separately higher up the
- B 0% mam mantl and for some mples of the 1

e marmant fo




NORMAL BRONCHIAL ANATOMY

Inferior (5) —This branch supplies the lower part of the lingula area, including
the antenior tip.

Consolidations of the indtvidual lingula segments are difficult to 1dentify 1n
radiographs because they are superimposed on the heart shadow in the lateral view.
However, lesions of the lingula as a whole are more common than those of its
sub-divisions and consolrdation of the lingula can ?e recognized in the postero-

PO I .

v . L

. IR | LN o, .
sharply defined infertor margin where 1t 15 bounded by the inter-lobar fissure,

The work of Boyden (1949) has shown that many hitherto unsuspected variations
occur within the prevailling pattern of the bronchial tree, particularly in the left
upper lobe Displacement of branches from one position to another 1s relatively
common and accessory broncht are found, which probably represent drsplaced
branches from elsewhere For 1nstance, Boyden has shown that 1n the tnforcate
arrangement of the branches of the left upper lobe bronchus (Fig 9) which occurs
1n 26 per cent of cases, the branch which the antertor 1t
DA ROAR R S

variations are important to the surgeon performing a segmental resection because
they are assocsated with abnormal vascular patterns (Boyden, 1946),but for practical
purposes they do not nterfere very much with the radiographic and broncho-~
graphic interpretatton of bronchial and segmental lestons.

The lower lobes
The broncho-pulmonary anatomy of the lower lobes 1s very sumilar 1n the two

Each lower lobe has an
there 15 a fourth basal

Apical (6) —Ths 1s the first branch of the lower lobe bronchus It 1s directed
backwards and 15 of considerable importance because the lower apical segment 15 a
common site of of pectfi Th:
commanmt

h

" t
1y has three sub-d, the actual apex of the lobe,

Tataral and cand al ~.

{k1g 11a) In the lateral view there 15 a characteristic posterior triangular opacity,
bounded 1n front by the great fissure, behind by the chest wall and below byaless
definite, honizontal lower border (Fig 115)

13



BRONCHO-PULMONARY ANATOMY

Fic 11 —Consolidation of apical
segment of right lower lobe (a)
Postero-anterior radiograph of
consohdation of mnght lower
apical segment due to
pneumonia, (6) Lateral radio-
graph of ‘same patent (By
courtesy of Amer. J. Dis Chest’)
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NORMAL BRONCHIAL ANATOMY

Medial basal (cardiac) (7) —Thus 1s the next branch of the Jower lobe stem in the
night Tung, 1t anses from the medial aspect, just below the ongm of the apical
branch, and 1s directed downwards to supply a small segment on the medial aspect
of the lobe alongside the heatt The medial basal bronchus usually describes a
marked curve with 1ts convexity forwards and this 15 a help m recognizing the
. 3 e v - DU R S A

since the diaphragmatic surface of the lower lobe 15 naturally dwided between four
. basal segments of which this 1s one  The medial basal bronchus 15 represented in
'the left lung by a branch of the anterior basal bronchus which supplies a simular area
and has an rdentical bloed supply , 1t differs only 1n 1ts onigin from the anterior
basal and very rarely it anises separately from the Jower Jobe bronchus as in the
nght lung.

Consoldation of the medial basal segment shows on the postero-anterior
radiograph as a small shadow filling the right cardio-phrenic angle and extending
up along the night border of the heart Laterally 1t appears as a small triangular
opacity, based on the centre of the diaphragm and tapering up to the hilum

Anterior basal (8) —This important branch anises from the 2ntertor aspect of the
lower lobe bronchus and 1s directed downwards, forwards and laterally Consolida-
tion of the anterior basal segment frequently occurs 1n the course of pulmonary
infections and can easily be recogmzed Postero-anteriorly the shadow 1s most
dense 1n the costo-phrenic angle regton, whence 1t extends upwards to the hilum
leaving the cardio-phrenic angle clear on the night side (Fig 120) In the lateral
film there 1s a dense, band-hke shadow slanting downwards and forwards from
the hilum to the dtaphragm , 1t 1s bounded 1n front by the sharp line of the inter-
tobar fissure and 1s often wrongly diagnosed as an inter-lobar effusion (Frg 125)

Lateral basal (9) —This 1s one of the two termunal branches of the lower lobe
stem The segment which 1t supplies occupies the area between the anterior and
posterior basal segments and 1t 1s overlapped on the medial surface by the medial
basal segment on the night side and by the anterior basal segment on the left side
Lestons of this segment can be distinguished by therr intermediate position from
those of the other basal segments

Posterior basal (10) —This 15 the second of the two terminal branches of the lower
lobe bronchus and 1s actually the continuation of the stem bronchus itself It

crrml ac tha mantnn Am aneab w@thn da o AT £ s afe o L4 el o+ A

a4

short of the costo-ph angle On the left side the shadow s largely
obscured by the heart In the lateral view the opacity 1s trrangular with 1ts apex at
the lulum and extends downwards and postenorly to the chest wall and draphragm

As the posterior basal bronchus represents the terminal part of the primitive
stem bronchus, 1t often has a sertes of small posterior branches which are the
remains of the prominent dorsal series seen 10 the lungs of lower mammals The
apical bronchus of the lower lobe 1s, of course, the first branch of this dorsal series

15



BRONCHO-PULMONARY ANATOMY

Frc. 12 —Consolidation of
anterior basal segment of
nghtlowerlobe (a)Postero-
antenor radigraph of con-
solidation of right antenor
basal segment due to an
atyprcal pneumonsa; (6}
Lateral radiograph of the
same patient,
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BRONCHO-PULMONARY ANATOMY

FIG 13 —Abnormal fissure in the
right fower fobe outhned by
pleunsy. (a)  Posterc-anterior
radiograph G, greater fissure ;
S, sub-apical fissure between
Tower apical and posterior basal
segments, (5) Lateral radiograph
of same patient {By courtesv of
Brie T Tubere)
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BRONCHO-PULMONARY ABNORMALITIES

Fic 16 —True supernumerary
bronchus 1 right upper lobe
(a) Postero-anterior _broncho-
gram showing supernumera;
apical branch () ansing from
the trach=a, (5} Lateral broncho-
gra patent  Note
that the upper lobe bronchus has
1ts usual three segmental
Dbranches (By courtesy of Brit J
Tuberc )
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CHAPTER 2

APPLIED PHYSIOLOGY OF RESPIRATION
F J Panir and J McMicHAsL

ANATOMY

Alveoli
THE ESSENTIAL functioning unnts of the respiratory system are the alvech of the
tungs Each alveolus s a sac, roughly spherical in shape, measuring 0 08-0+13
millimetre i diameter, whose walls consist of a network of captllaries The
total number of alveoli 1s estimated at 750 millhon by Zuntz and the combined
area of their walls at approximately 55 square metres (Willson, 1922)  ** Venous ”
blood from the pulmonary artery 15 thus spread im a iayer about one corpuscie
thick over an enormous area, separated only by thin capillary walls from alveolar
arr, to which it gives up carbon dioxide and from whlch 1t absorbs o‘ygcn, No
artificial oxygenator used in the p 1 'y the lungs
m efficiency as aerating organs

The tissue elements separating the blood from the alveolar arr compnse a single
layer of capilary endothelium and a few flattened squames The existence of
the latter 1s demied by some authorities who allege that they appear only as a
result of inflammation , others, whilst admitting their existence, are 1 doubt as
to whether they form a complete Itning for the alveolt (Walison, 1922) or an com-
plete one (Muller, 1947; Josselyn, 1935) In the foetal lung and m certatn
pathological states the atveol have a compiete Jtming of cuboidal epithelum
From the functional standpomt 1t 1s important o realize that the thickness of
tissue separating blood from alveolar air 1s i health very small, and that in
disease 1t may be very much thickened, thus offering a more formdable barrier
to the interchange of gases between blood and atr

Upper respiratory tract and bronchial tree

Tn breathing, air 15 led to the depths of the lungs through the upper resptratory
tract, the trachea and the bronchial tree  The whole of this conducting system
1s hned by a membrane contaiming mucous and serous glands  Excepung the
oropharynx, the upper part of the larynx and the vocal cords, where the emthelium
ts stratified squamous sn type, the surface epithelium 1s composed of ciliated
columnar cells interspersed with goblet cells  The ctliated eprthelium 1 lost
the bronchioles, where 1t 1s replaced by a simple cubotdal epithelium  Air passing
through the upper passages 15 warmed and moistened, whilst gross partcles and
bactena are removed from 1t before it enters the lungs A rich venous plexus
beneath the lning membranes, especrafly of the nasal passages, gives them the
character of an erectile tissue, their thickness and hence the width of the passages
15 markedly affected by vasodilator acuvity brought about by heat (Hill, 1933),
for example, and by vasoconstnictor substances such as ephedrine, adrenaline
and cocarne,
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BRONCHO-PULMONARY ANATOMY

condition may be seen in the bronchial cast shown in Fig 5. Upward displas
of the apical branch of the lower apical bronchus also occurs,

Supernumerary bronchi

These are rare and most examples appear to be 1n the nght upper lobe 1
shows a true supernumerary bronchus ansing from the trachea and supplyi
of the apical segment of the night upper lobe : it will be seen that the upp:
bronchus has 1ts normal three branches

Abnormalities of the lung parenchyma
Accessory hungs

These are 1solated masses of rudimentary lung tissue and have been founs
in the lower part of the thorax and tn the upper abdomen In the former ca
mass may be mistaken for an intra-thoracic new growth The condition 15
more common on the left side than on the right and s often associated
congenital defect of the diaphragm. The biood supply of ectopic fungs 1s ¢
from the aorta and Pryce (1946) suggests that thev are produced by the
mechanism as mtra-lobar sequestration

Agenesis of the lung

Rarely, the whole or part of a lung may be absent or represented by only 2
rudiment. Agenesss of the whole lung 15 twice as common on the left side ass
nght and three types have been described  true aplasia 1n which there is a
matn bronchus, cases mn which there 1s a small tracheal diverticulum represe
the bronchus to the absent fung, and cases having a rudimentary bronchus le
into a small fleshy structure wathout fobes
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Fig IB\Oxygen dxssomnon
CUrves of Whole bloog
equrlibrateq With gag Mittures
Sontaiing dificreny Pro-
Portions of CO, ar 33°C (after
Barcrofy)

¥ Ty 2 2 gy
%frm/mm'fmm ey,

Bronchtal Yeins, twg on each sude, are descnbcd Wwhich dram from the rog¢ of the
lung 1nto the termina} part of gpe vena 32¥05 on the T1ght side and ity the fefy
Superior intercogty) or hemmzygos on the jefy A pornt of great , 'POrtance ;5 that
lood 1 e bronc}ual Yeins g collected froma rclamcly Small pary of the bronch:al
arterra) d.smbunon Accordmg 0 Miller « except for a hmyteq area at the
hitum, all the blood dnsmbuted to the bronchxa) tree s Teturned by the pu)mvnary
dems

The nnastomos:s bcme:n bmnchnal and pulmonary circulationg takes Place
mamly 4 e capj) Y bed 1 the wajjg of the smaller bronch, and DPossibly
respxmlory bronchwles This cummumcauon caj of wita) mportanee m
assisting the Circulation !hrough the alveglay €apillarieg n cages of Congenstal
Cyanotic heart disease In such cageg the bronchxal arteres, Which are quite
Small 1y hcalrhy Subjects, are so elimes 1y large he: Y maintasy pul-
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APPLIED PHYSIOLOGY OF RESPIRATION

The trachea and main bronchi are partly surrounded by incomplete rings of
cartilage which serve to keep these channels patent ; the cartilaginous rings
become less and less plete as the bronchi subdivide in the substance of the lung,
‘When these have reached a diameter of about 07 mullimetre cartilage has dis
appeared from thewr walls altogether and they are continued as broncholes
surrounded by z1g-zag strands of muscle with elastic fibres and connective tissue.
When the muscular coat 15 lost the bronchioles become continuous with the
respiratory bronchioles, in which the first alveoli appear as diverticula off the
bronchiolar walls  Traced distally the respiratory bronchioles ead in the alveolar
ducts and the atna from which the majorsty of the alveoli open out (Fig. 17)

Alvess

Lymph vesse/
e Alveolr
Smooth muscle

Cortilage

Afrium

i
Bronchiele 1 Respiratory _J Alveolar doct

bronchiole 1
Fic 17 —Schematic representation of lung lobule (after Ailfer)

The muscular tissue of the bronchial tree 1s chiefly disposed in circular bands,
attached to the cartilaginous rings or plates so that therr contraction diminishes
the calibre of the tubes This 15 of little moment i the trachea and larger
bronchy, but becomes important in the case of the bronchioles, which in some
ammals such as the guinea-pig, can be closed completely by contraction of the
rauscle, ~

The nerve supply to the bronchial 1 1s from p fibres
of the cervical sympathetic, which are inhibstor 1n functton, and from vagal fibres
running through the pulmonary plexus which cause contraction of thg constrictor
muscles Inman, spasmodic contraction of the bronchiolar muscles is considered
to be the immediate cause of asthma, but mucosal swelling with mucus exudation
alsa plays a part
Lymphatic drainage of the lungs . "

The lymphates of the lung (Fig 17) form two mam groups, a superficial an ha
deep These commumecate in the pleura and at the hila of the Jungs. T;
superficial group originate 1n the pleura and interlobular septa forming a networ
covering the surface of the lungs The deep group commence as blind tube;
near the beginmng of the alveolar ducts (Miller, 1937, Druker, l94§) an
accompanying the bronchi and blood vessels towards the lung root, drain into
lymph nodes surrounding the hila of the fungs and bifurcation of the trachea
(Miller, 1937)

ol



GAS EXCHANGE IN THE ALVEOLL

The partial pressure of carbon dioxide in venous blood provides the pressure
head required to transfer «t mto the pulmonary alveoli; i venous blood this
pressure 1s of the order of 45 millimetres of mercury Thus a difference of pressure
of some 6 millimeires of mercury exists between carbon dioxide 1n alveolar air
and that 1n **venous ™ blood arriving 1n the lungs  Oxygenation favours the
liberation of carbon diowde 1n the lungs, as the pamal pressure of carbon dmxndc
w the blood mses with oudation of b, This
with the lability of carbamino-haemoglobin enables all the excess carbon dioxide
picked up by the blood 1n the tissues to be liberated 1n spite of the comparattvely
low pressure difference of carbon dioxide m blood and alveol

Transport of oxygen in blood
" The oxygen carried by the blood 15 chiefly m loose chemical combinatton with
the haemoglobin of the red cells , azbout 0 3 mulhlitre 1s carried 1n stmple solution
1n the plasma and cells of 100 mllihitres of blood  The volume of oxygen carried
by 100 mililitres of normal blood which has been exposed to air unttl fully
oxygenated 1s about 20 millilitres ; this 1s called the oxygen capacity of the blood
In a particular sample of blood not so saturated, the fraction

Oxygen content of sample ¥ 100
T OxygenGapacity

15 called the percentage saturation with oxygen Barcroft and others estimated
the percentage saturation of human blood equilibrated with varying known
partial pressures of oxygen and used the results to construct the oxygen dissocia-
tion curve of the blood  The conditions of the experiment were varied so as to
mclude physiological amounts of carbor dioxide w the gases equilibrated with
the blood  In this way a family of curves was prepared which are of phystological
importance because they provide the key to the mechamisms of oxygen transport
from the alveolar air to the tissues (Fig 18)

Pulmonary artery blood 1s about 75 per cent saturated with oxygen n the resting
state , the carbon dioxide tension 1n the same sample 1s of the order of 46 mlle-
mettes of mercury Looking at the curves 1n Fig 18 1t will be seen that the partial
pressure of oxygen in blood returning from the uissues to the lungs 1s about 45
mullimetres of mercury There 1s thus a wide difference 1n oxygen pressure
between alveclar atr and venous blood, amounting to about 50 millimetres of
mercury  This pressure head causes oxygen to move rapidly from alveolar air
to blood n the alveolar capiflaries  These curves show also that at any particular
degree of oxygen saturation, the partial pressure of oxygen vares in the same
duirection as the partial pressure of carbon dioxide  Therefore the hberation of
carbon diovide nto the alveoh famlna(:s the absorpuon of oxygen fmm the
alveolar air by the red cells  The purely ph
the absorption of oxygen and the giving off of carbon dmnde in the lungs are \hus
beautifully adapted to secure maximum efficien

In spite om;c high speed with which oxygen combines with reduced haemoglobin
PR Yt Shaphiee SR L AN T B




APPLIFD PHYSIOLOGY OF RESPIRATION

b

is and bullous emphy . surgeons frequently see farge
bronchial arterses 1n chronic inflammatory lesions of the lungs like bronchiectasis
and tuberculosis,

GAS EXCHANGE IN THE ALVEOLI

At the end of a normal respratory cycle the lungs contain alveolar air of fairly
uniform composttion 1n which the partial pressures of oxygen, nitrogen and catbon
dioxide are very close to the partial pressures of those gases in the artenial blood.
The percentage composition of alveolar air varies somewhat among indwidual
normal subjects at rest, approximate figures may be histed as follows ;

Percentage Partial pressure
mm Hg

Component dry gas
‘Water vapour — 48
Oxygen 144 100
Carbon dioude 55 39
Nitrogen 805 513
Total 1000 760

In 4 seconds, the duration of a single respiratory cycle mn the resting subject,
about 330 millihitres of venous blood flow through the lung capillaries  During
this time the tensions of oxygen and carbon dioxide are altered by the absorption
of about 20 millilitres of oxygen and the liberation of a shightly smaller amount
of carbon dioxide

While water vapour plays no part in gaseous exchange 1t 15 important to.keep
m nund the total volume of water elimmated by the lungs as vapour, which 15
almost half a litre a day 1n ordinary temperate climates

Transport of carbon dioxide in blood .

The carbon dioxide carried by blood is tn three chemical forms , 5 per cent of it is
m sumple solution ; about 2-10 per cent in combination with haemoglobin as a
carbamino compound and the remainder 1n the form of bicarbonate in combma-
t1on with the cations of the plasma (Ferguson and Roughton, 1934) As the
)i lobin becomes oxyg d, that part of the total carbon diqxlde which is
combined with 1t 15 given up At the same time carbon dioxide 15 liberated from
bicarbonate at a rate which 15 greatly accelerated by the action of carbonic
anhydrase, an enzyme present 1n the red cefls (Meldrum and R’ough(on. 1933)
Because carboa dioxide 1s readdy soluble in tissue fluids 1t can easily diffuse across
the alveolar wall , complete equilibrium between the carbon dioxide of the blood
and alveolar aur 15 thus sccured  The actual amount of carbon dioxide given
up to the alveolar air depends upon the metabolic activity of the s)xbjcd and
upon the chemical nature of the substances metabolized ; normally it 15 about
200 muliihtres per minute 1n a restng adult s

By no means all the carbon dioxide of the venous blood 1s given off m the
Jung. A large amount, about 50 mullilitres per 100 muililitres of blacd, is retained
and, in the form of bicarbonate, 1t plays an mportant part as a buffer substance.
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REGULATION OF RESPIRATION

PO, of a blood sample undergoes considerable changes with temperature, and that
living cells (feucocytes) n the blood consume stgnificant amouants of dissolved
oxygen during any delay i handling  Quute apart from the errors in determination
of arterial pO, 1s the other difficulty of determuning the pO, of alveolar air.  Sonne,
Roelsen and others have shown by taking samples of alveolar air during different
phases of exprration that differences of oxygen content in samples of alveolar air
exist which are large enough to make the deterrunation of the pressure gradient
between artertal blood and alveolar air a matter of uncertamty, The general
consensus of optmion 1s that the artenial pO, 1s somewhat lower than the alveolar
pO, and that the difference between them (wniten ApO,) 1s 1n the range of 5-10
millimetres of mercury

Oxygen unsaturation of artenal blood
+The reasons advanced for the normal unsaturation of arterial blood are -

{a) The alveolar ventilation 1n the normal subject 1s not umform ; that the
pO, 1 some alveoli 1s sufficiently low to reduce the completeness of oxygen
saturation  Alveol which contain oxygen at a higher partial pressure than
100 millimetres cannot raise the saturation of the haemoglobin 1n the blood
perfusing them very much (Fig 18), whilst bload exposed to alveolar pO, less than
80 mulimetres of mercury may be considerably suboxygenated

(b) Blood leaving the alveolar capillartes may be in fact fully saturated but 1t 1s
diluted during passage to the heart by the addition of bloed from the bronchial
veins and again 1n the left heart by the further additton of venous bloed from
some of the Thebesian veins which drain the myocardium

() It 1s considered by some authoruties that blood leaving alveolar capillaries 1s
not 1n complete equilibrium with the alveolar air to which 1t has been exposed
because, unlike carbon diowide, the low solubility of oxygen in tissue flnds

mterferes with the speed of diffusion across the membrane separating blood
and arr

REGULATION OF RESPIRATION

Neryous control of breathing
The resting subject 1s hardly aware of respiratory movements which are carried
out reflexly 1n response to simult 2cting upon the respiratory centre

The respiratory centre conststs of a group of nerve cells, the lower end of which
!les superficratly near the upper end of the medulla oblongata , 1t extends upwards
into the pons and 1s said to have fibre connextons with nucler 1n the pons and
brain stem (Ranson, 1943) It 1s not relevant to the present discussion to describe
the arrangement of pathways within this centre, the external connexions, how-
ever, deserve mention

Afferent unpulses are conveyed to the respiratory centre from the cerebral
cortex, the lungs, carotd and aortic reflexes and from other afferents
The cerebral cortex

Impulses ansing here enable respiratory rhythm voluntanly to be varied as
required, for example in talking, breath-holding  Emotions such as fear, surprise
and amusement also alter respiratory rhythm through cortical activity
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APPLIED PHYSIOLOGY OF RESPIRATION

with a partial pressure (pO,) of somewhere near 90 millimetres of mercury, Much
disagreement exists between experts upon the magnitude of this difference in
partial pressures, Barcroft and Bock, for example, estimated the pO, of arterial
blood at 85 millimetres of mercury. Other workers maintain that 1t is nearly
100 millimetres of mercury (Comroe and Dripps, 1944) The difference of
opimon anses as a result of the technical difficulty of determining the pressure of
oxygen (pO,;) 1 a sample of blood One method used by Barcroft and in a
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Fic 19 —Normal spirogram showing the subdvisions of total Jung capacity AR
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ubble of air with a
After equilibration
as that used by

modified form by Riley and others 1s to equilibrate a small b
large excess of blood 1n 2 syninge kept at body terperature
the bubble 15 Iysed  This 1s ly the same qi v
Krogh in ammal experiments many years ago and 1s theoretically very goo
Errors anse, however, 1n manipulating so small a volume of gas, which are.suiﬁ-
ciently large to create real difficulties of interpretation Another method is the
polarographic estimation of pO;, used by Berggren (1942)  This method scerlns :’o
be promising but there are still great technical difficulties 1n its use on bl ﬂoh
‘Whatever instrumental accuracy 1s achieved 1t should be remembered that the .
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APPLIED PHYSIOLOGY OF RESPIRATION

The lungs

Special receptors thought to be situated 1n the walls of the alveolar ducts are
susceptible to stretch and compression. These give nise to afferent fibres running
in the vagus merves which himit both inspiration and possibly also expiration.
Reflexes onigmating in these end organs were first descrnibed by Hering and Breuer
1 1868, who showed that inflation of the lungs inhibited nspiration and snitiated
exprration whilst deflation inhibited expiration and brought on inspiration,
Ablation of the pulmonary fibres of the vagt 1n the experimental animal results
1n deeper and slower breathing

Carotid and aortic reflexes

The pressoreceptors situated 1 the walls of these vessels intibit respiration
when stimulated by a sharp rise of intravascular pressure. There is no evidence
that this refiex 1s of any clinical importance  Chemoreceptors, which scem to be
situated in the carotid body (Schmidt and Comroe, 1940), are of importance
because they are susceptible to changes in oxygen tension ; when this reaches the
low level of 70 mullimetres of mercury, discharges pass centrally which cause
breathing to become deeper and more rapid The chemoreceptors are much
less susceptible to changes n carbon dioxide tension than is the medullary
respiratory centre itself (Schmudt, Dumke and Drnipps, 1939)

Other afferents

Pamn usually increases the respiratory rate, though the response to pain may be
masked by the response to other afferent impulses arrving at the respiratory
centre at the same time, as well as by the prevailing chemical environment of the
cells of the respiratory centre (Gesell, 1939) .

By far the most important mechanism for controlling the volume of chlhl_“’"
18 the chemical one  Haldane and Priestley (1935) drew attention to the sensitive-
ness of the respiratory centre to changes 1n arterial pCO, They found that a
nse of 1'5 millimetres of mercury was sufficient t> double total ver;hlahon H
this corresponds with a nise of carbon dioxide content in the alveolar air of only
02 per cent

Action of carbon dioxide on respiratory centre

The manner 1 which carbon dioxide acts on the respiratory centre has been
a subject of debate in recent years Two views are held ; one, that carbon dxoxggc
has a speatfic sumulating effect on the centre, the other that carbon dioxide
acts by rasing the hydrogen 1on concentration of the blood supplying the cen!;(c
Increased acidity of the blood does, 1n fact, stimulate respiration, as 15 clinically
apparent in acidosts due to diabetes or the terminal phases of c.hromc 31:phnﬂs,
but for a given range of pH, the effect of solutions of carbonic acyd is greater
than that of any other acid The spectficity of carbon diowde as a tespiratory
stimulant, however, 1s still not finally accepted by all authorities

The next most important sut in the ch 1 control of resp nen {xs
oxygen It is now generally accepted that anoxia depresses the medullaty
'y centre, b b and less frequent as anovia
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CLINICAL APPLICATIONS

whuch aetwally reaches the alveol of the lungs It has already been pointed out
that alveolt do not occur 1a the bronchual tree yntil the respiratory bronchioles
are reached Above these, at the end of expiration is a non-respiring space
filled with alveolar air, The next intake of air washes this back mto the lung,
together with a volume of aur which, added to the dead space air, 1s equivalent
to the udal arr  Thus volume of air 1s called the ¢ffectne ndal ar (tidal arr—dead
space = effective tidal air)

Now 1t 1s clear, that to be effective, the tidal air must exceed the dead space
If 1t does not do so, no matter how rapidly the subject breathes, no fresh air will
reach the alveol and he will have to rely on gaseous diffusion only 1n order to
secure adequate gas exchange between the alveoli and the atmosphere  In man
the volume of the anatomical dead space 1s esttmated at about 170 mdhhitres
Haldane (1900) has shown that m pneumonia, where respiratton s rapid and
shallow, severe and may be fatal anoxta could result His findings have been
underlined by the work of Birath (1944) who has shown that in some diseases,
especialty i emphysema, the volume of what ts functionally * dead space * may
be more than double the normal value Reference to this subject will be made
later when muxing of gases in the lung 1s discussed

Vital capacity —Certain measurements may be made sprographically which
are of great importance in determtning the mechanical efficiency of what may be
called the “ bellows function” of the lungs First among these 1s the vital
capacity  This 1s the largest volume of arr which can be expelled from the lungs
following 2 maumum 1nsptration (Fig 19)  The amount of air inhaled during a
maximum mspiratory effort ss called complemental air (inspiratory capacity),
that 1s the amount of additional awr fequired to distend the lungs as far as possible
from the resung level. The amount of air which can be voluntanly squeezed
out of the lungs at the end of a normal expiration 15 the reserve atr (expiratory
reserve volume) These may be recorded separately and added together to give
the vital capacity instead of recording the whole at one time  When calculated
in this way the result 15 sometimes slightly higher than in the single measurement
As mught be expected, patients whose lungs are fibrotic show this difference
more gbviously and commonly than do normal mdwviduals

The mportance attached to this measurement 1n chinwcal work anses from the
ease with which it can be made  Until qurte recently 1t was the only measurement

used to assess pulmonary bcllows function It must be realized, however, that
the vital capaci* '

1stics of the lun
more, the size «
many of which are nly mdlreclly concem:d m respiratron

Lo tha camnn

Anything which
[IINEREIIN

© .

due to pleurtsy may himit vital cqpacny scverely, 35 may muscu]ar weakncss due

1o nervous disorder, such as subacute or

Sohomyelms Diseases anecnng |he structures of the chest wall such as sclero-
erma,

must also appear in a list
of conditions Ioucnng vital l:;\p.lCﬂY
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APPLIFD PHYSIOLOGY OF RESPIRATION

Prediction of vital capacity —When 1n 1346, Hutck iblished his i ig:
tions on vital capacity, he derved from his results a simple rule relating the
hcn;ht of hus subjects to thewr vutal capacity. In doing this he introduced an idea
which 1s of great importance 1 chinical studies of respiration, namely, ustng the
panient’s own body measurements as data for predicting normal expected results
These predicted are used to pare with those actually found
In modern pracuice normal standards are based on measurements of surface
area {Dreyer, 1914 ; West, 1920) or stem height (Dreyer, 1919, 1920) or * radio-
log{cal chest volume * (Fray, {935), a measurement based on chest area in a

d and antero-posterior depth of the chest Twa prediction formulae
are given below

1 (Wught m grammes) ¢ "*=vital capacity (Dreyer, 1920)
0690
2. () Height cms X 27 63~(0 112x age yrs ) =vital capacity (males)
{b) Heght cms > 21 78—(0 101 x age yrs ) =vital capacity (females) .
(Cournand et of, 1948)

It must be added that according to a crtical analysis of alf the published data
by Cripps {1924), none of the prediction formulae then in use gave results
** confined within sufficiently narrow Iimits to possess any real prognostic value
m individual cases ™

Hitherto 1t has been the custom 1n climeal practice to measure vital capacity

with a simple spirometer without making a tracing of the performance. Additional
information may be obtained from a tracing, however, so that 1t is always
advisable to have it Not only 15 1t possible to read the subdivisions of vital
capacsty from the record of the resting tespiratory level which it prowides but
also the general pattern of the vital capacity may be seen In order better to
appreciate this pomnt 2 tracings (Fig 20) are shown of vital capacities which are of
about equivalent size, one from a healthy subject, the other from a patient who
suffered from chromc bronchitis with an added element of bronchial spasm. It
will be noticed that the upward and downward strokes of the tracing on the right,
from the healthy subject, are nearly vertical for the whole of their length, indicating
a rapid and easy performance, whilst 1n the other, the vertical parts of both
upward and downward strokes are about half of the total lengths ; thereafter
Ppoth lines slope away from the vertical more and more, indicating a progressive
slowing-up of air flow into and out of the lungs The contrast in pattern is
significant because 1t 1mplies that the useful range of vital capacity available for
deep and rapid breathing may be more restricted in the second case than the stmple
figure for vital capacity might lead the observer to expect.

Residval air and tolal g capacity.—The observations telating to the ** fung
‘bellows ™ mentioned so far are made directly from the spirogram, There remans
to be described the measurement of residual ar  This 18 the amount of air wh{ch
stil) remains 1n the lungs after a maximal The following hips
define two other terms not yet described which are important

Residual air+vital capacity=Total lung capacity
Residual air+reserve air = Functional residuat air
These are also shown d in the normal
figures provide all the physical dimenstons of the lungs
3t
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APPLIED PHYSIOLOGY OF RESPIRATION

efficiency of lung ventilation  The concept of ** poorly ventilated alveoli ™ repre-
sents an important 1dea which should clarify many of the old controversies
surrounding the concept of ** dead space

Oxygen ¢ —In any d of r 'y function the question
of exercise tolerance 1s of ultimate importance. The ability to meet the demand
for oxygen made by the nssues under all conditions 1s the mark of an efficient
respiratory system  This places in ats correct perspective the intimate relation-
ship between the lungs and the cardi far system  The fonal integrity
of both of these 15 necessary 1n order to secure an adequate environment in which
tissue cells can work  Anthony {1930) discussed this question and introduced
the tdea of the 1 ival which is the pul y fation required
to absorb 100 mullilitres of oxygen In the resting normal subject he found the
value of this to be about 2 3 iutres with a rather wide scatter. It 1s true that m
severe emphysema the value of the equivalent may be raised considerably ; values
of § and 6 are not unusual, but the variability of both these equivalents is such
as to make their use rather hmited. One of the reasons for this has appeared
as the result of broncho-spirometric studies where 1t has been found that patients
who have a ventilation equivalent for oxygen which 15 nearly normal when
measured by ordinary spirometnic means way have a ventilation eguivalent
for oxygen of less than 2 in one lung and more than 6 in the other (Fig. 21)

Bronchospirometry

This 15 a method of recording the movements of the two lungs separately and
simultaneously and of companng the rate of gas exchange occurnag 1 them
Introduced by Bjorkmann in 1934, 1t has not been used very widely 1n Great

Britain  Bjorkmann designed a special b h quipped with suitable
rubber cuffs, the end of which he passed into the left main bronchus under direct
wision , the had two ct Is, one which inued to the end of the

mstrument which was Jodged 1n the bronchus and one which opened 1n the
trachea By inflating the rubber cuffs, the two openings were sealed off from each
other so that air entering and leaving esther lung did so only through the appro-
prate channel ; the tracheal opening commumcated with the mght Jung A
mate conventent rubber catheter, having two channeis and inflatable cuffs has been
designed by Zavod (1940) , this 1s more often used now than the bronchoscope

All the measurements previously described for the ordinary spirogram are
made on the two spirograms given by this method A check may be made of the
adequacy of the readings by adding together the vital capacities of the :w’r{lungs
separately and comparing the result with the total vital capacity estimated imme-
diately before or after the test

Among the interesting things which have been observed are the following
Oxygen consumption is slightly different in the two lungs, the right lung absorbrng
approximately 54 per cent of the total oxygen consumption  This is perhaps
not surprsing when the relative sizes of the two lungs are remembered  What 15
more nteresting, however, 15 the effect of posture upon oxygen consum‘?lm\‘;.
hiathd L B R S H O e

¢
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APPLIED PHYSIOLOGY OF RESPIRATION

When total p 15 being d it is important to be satisfied
that the remaining lung will function adequately in the absence of its neighbour,
A decisive answer 1 cases of doubt may possibly be provided by the technique
of Hanson and Carlens (1951) A cardiac catheter with a small inflatable balloon
near its tip can be passed through the right heart into the right or left pulmonary
artery Temporary inflation of the balloon in this situation deflects the entire
cardiac output through the opposite Jung which then takes the whole burden
of haemo-respiratory exchange : the reaction of the patient can then be observed.
On oceasions this somewhat drastic test may be fully justified as 2 prelimimary
1o the even more drastic and irteversible test of ppeumonectomy.

SOME PROBLEMS OF OXYGEN AND CARBON DIOXIDE
ADMINISTRATION

Quite apart from diseased conditions men are nowadays subjected to extreme
phystofogical stratns i hugh flying and deep diving  Rapid ascent, whether from
the depths of the sea or into the air, leads to sudden decompression with the
escape of dissolved mitrogen as bubbles in the blood stream and consequent -
symptoms of cusson disease or d sickness. hing pure oxygen
at atmospheric pressure before the ascent is made will wash out a large amount
of the dissolved mtrogen from the blood enabling rapid ascents to be made.

In acroplanes flyng above 10,000 feet oxygen apparatus 1s provided which
obviates the insidious 1l effects of oxygen fack on cerebration, While inhalation
of oxygen at low pheric pressure some of the difficulties it
becomes quite useless at a height of 50,000 feet. At this Jevel the necessary
catbon dioxide and water vapour pressures in the alveoli become nearly equal
to the total atmosphenic pressure (Fenn, Rahn and Otis, 1946). Pressurized
cabins are therefore needed at these exceptional altitudes.

The admimistration of pure oxygen at high pressure to submerged divers also
Jeads to difficulttes High partia® + + © TV rteed s dntarfers
with the carnage of carbon dioxi
blood will carry more carbon
At igh oxygen brain 15 impaired as certain imp
enzymes are put out of action (Donald, 1947), At pressures of 3-4 atmospheres
of oxygen, convitlsive seizures may be mduced, Such pressures are encountered
at a depth of 15 fathoms (3 7 atmospheres) .

Tn the subjects of chronic anoxia (for example, severe emphysema) the admuni-
stration of oxygen by oxygen tent at atmospheric pressures may lead to mental

jon and Isions {Davies and Mack 1949) It would appear that
the physiological adaptations to fow oxygen tenston create an intolerance of
sudden change 10 higher partial pressures of oxygen The nature of these reactions
is still uncertain but as a practical rule the reaction of each patient with putmonary
anoxia must be carefully watched duning oxygen admiustration It may b2 bﬂ}ﬂ
10 have a patient blue and talking than pink and unconscious. Carbon dioxide
is frequently used as a {ant where the respiratory ceatre is dep d under
various anaesthetics Seven per cent carbon dioxide 1n oxygen is also recom-
mended by Dnnker (1938) for treatment m carbon monoxide poisoning. It
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CHAPTER 3

ACUTE TRACHEO-BRONCHITIS
J. G ScApDING

AcuTe inflammation of the trachea and bronchi occurs in many forms  They
will be classified for purposes of description as follows (1) Of uncertain or
muxed actiology  (2) Acute catarrhal tracheo-bronchitis ; (b) Acute laryngo-
tracheo-bronchitis of nfants, (c) Acule suppurative bronchitis, {(d) Acute
fibrinous or plastic h (2) A ted with specific 3
Assoctated with dust nhalation  (4) Due to inhalation of noxious gases

ACUTE CATARRHAL TRACHEO-BRONCHITIS

Aetiology
Acute catarrhal tracheo-bronchitis 15 usually due to descending infection from the
upper respiratory tract It 1s thus often related to common colds and eprdemic
febrile catarrhs, which are presumably of virus ongin, but in some cases no
relation to such infections can be detected

The factors which determine the occurrence of acute bronchutis, even after an
upper respiratory infectton, are not clearly defined Certain epidemics of  febnle
catarths ** show a peculiar tendency to give nise to cases of broachitys, although
whether these are due to specific 1nfecting agents remains unknown At the
extremes of life, bronchitis 1s more frequent, and often presents special features
rendenng 1t then a much more grave condition  Cold dump weather predisposes
to the developi of after upp

Pre-existent damage 1n the broncht or lungs, such as bronchxectasls or chromc
tuberculosis, predispose to 1t Persons suffering from cardiac disease, especially
mutral stenosts, or from renal disease, scem to be more prone to attacks of
bronchitis , 1t 1s doubtful whether there 1s an increased liability 1n these patients,
or whether mild attacks, which would cause no troublesome symptoms in normat
persons cause more noteworthy symptoms tn them  Finally, certain individuals,
even without detectable abnormahties 1n the lower respiratory tract, show a
predisposition 1o acute bronchitis,, 1t seems that, in these subjects, bronchttis
forms part of the pattern of the common respiratory epidenmuc infections  This
predisposition 1s sometimes familial, and may be associated eventually with the

of chronic and emphy The posstble inter-relations

of bronchitis and the aflergic group of diseases, as well as the influence of dusts 1n
causing bronchitis, are discussed below

Bacteriology
Bactenological studies in this apparently non-speaific bronchis usually yield
httle useful information  Streptococeus wridans, nen-haemolytic streptococet,
M. catarrhalis, H mfluenzae, N pharyngis, and occasionally Str. hacmoly ticus,
pneumococct or staphylococer may be present in the sputum, but, with the
4
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more severe cases there may be somc enlargemeni o1 iac nudar

i accentuation of mormal lung markings, most pronounced to-
tases of the lumgs, these changes are mamly attributable to
orgement  If the inflammation spreads to the bronchioles, a fine
1y be produced by atelectasis of lung lobules, these appearances
those of diffuse broncho-pneumonia  Areas of bemgn aspiration
fver page 123) may be seen 1n occasional cases 1n which the clinical

.1t of a simple acute bronchitss

LN
~1j —~The of acute are
'nonly the hitis are of the fi
on " hind (see page 123)  These vary in sevenity from benign types, whlch
¢rteclable only by radiography, to fatal diffuse broncho-pneumenias,
- oceurnng espcclally m nfants and the aged Massive collapse of a
be 1 an . its 15 closely related to
*p2 asprration pneumonsas, but a main, rather than a segmental or smaller,
wIscancerned  Less commonly, bronchitis may pave the way for mvasion
iung by one of the orgamisms causing acute specific pneumontas  If dry
+ complicates bronchutis, 1t 1s due to one of these pneumonic complications
crhation of chromc pulmonary disease —Acute  bronchitis  frequently
exacerbations of the symptoms of chrontc diseases of the lung  In bronchi-
~. for nstance, after an attack of bronchitis, not only are the symptoms
+ited, butin the rad: hic picture any ab 1 shady that may be
at are accentuated, or new abnormal shadows may appear in the affected
.+ twe Figs 22-24) In patients with chrome fibrotic pulmonary tuber-
«~, acute bronchitis may cause strmlar changes, both in symptoms and
ugraphic signs ; the deciston whether these increased radiographic signs are
.xd secondary to the bronchitis or are due to fresh activity of the tuberculous
e 1s difficelt  These non-speaific * flares” around chrome pulmonary
s after acute bronchitis are probably due to localized preumonic consoli-

100
Congesfrve heart falure —In chromc morbus cordis, acute bronchitis may
-t factor 1 the onset of <ongestive heart falure  The most clear
«nmple of this 1s"1n cases of chronic cor pulmonale secondary to pulmonary
physema, 1n which episodes of congestive failure are usually mmtiated by an
ute bronchitis  In rheumatic heart disease with mitral stenosis, intercurrent
eachits seems to faiture  In hypertensive
it disease, too, an episode of congestive failure may be preceded by acute
anetitis, although this must be disunguished carefully from acute pulmonary
™ma. Unless there 15 pre-eustent heart disease, heart failure does not com-

Nacute catarrhal bronchitis.

R hronchitis —The history of most cases of chromic bronchiis usually
R nset recurrent attacks of acute bronehitis  The relative importance
- ¢ environmental factors—such as severe chimatic conditions,
and poor general hygi p ting the proper ) of
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ACUTE 1RAC“EO~BKONCH\T\S

ceptions noted pelow, they show 10 certain relation 10 chmicat features
though kn wiedge of the virus or viruses assoclatcd with the common upper
sprratory catarrha\ snfections 15 scanty, 1t seems likelY that these & ents

ave an \nfiuence 1° ymnating the commo! catarrhal ‘bronchitis 1n the €as¢
f influenza, there can e little doubt that & spcc;ﬁc vitus bmnch'\ﬁs QCCuIs.

pathology
The change® inthe bmnchm\ mucosa it cmarrhal pronchitis are probably smatar
in 1l in mon In

to those 1B pasal mucosd the acute chimtts of a com cold. e
matsal 81y stage, ther® are hypememm and some S ceihng of ! ueosds h
plocks the ducts of MUcoy ds Xt SAgS is copo
secret1o! §rom the Lo 1al glands, 5qua! the cili ted eptt elium
More of less 1nflamma eactlo n :bmnchial issues, 1 evere
cases accompamed o inflammat Ty welling bronch -pu\momxy
\ympha gl urulent Stas Tlow, th ecretions pecomins full o
oly! tph ys  Th ANEESs average €35% 1 4 1o the Targe!
pronchi 2 1 eyere Cases espe Jly mn hey maY exten
towar e broncht extension imost Jnevitably gives 115¢ 1o areas ©
1obular atelectasiss which b ome 1afe ted, lead ) momd
Chinical features
Sy ptoms — ypical attack 10 an adult usually starts with sympwms of
upper-rcspmnory snfectt g s of S my—ma\aise, ‘headaches
coryza, SOt¢ throat, and umes shwvery sensattons ot am ung to 8% actual
or Lhem after a d3Y two, 3 T feeling 4 the ste! pum, W h 2n
seritant dry ugh, begits » he {emperaty! iy raise a degrees and
the pulse 18! e 1ncred ed v pxopomon 01c8 ‘pecome usky Aftet
another day, eX OT" begn At first, € tenacious clear mucoid
secretion is P! ce h difficulty 5 ter the tion becom ore profusé:
m culent an e easily T ally the temper: ure has
settled within and paue ’s B eral ndiion r:\p\d\y {mproves
although $O™ t and scanty -pure ent pecmraho the ormngs
conuinue for a vart ble time e severity § the 1iness depend: 1ol extent
i the d o which t e bron e is affecte Witha: infecto ‘descendits
o lower than the n broneht, he patie y ¢! ambulants ¢ affects
the smaller Givisionss more (Hness, fren with B puble 0¥ p ccurs
Sil e ph cal sig el scultatory ample hitis and
yary wit the dep! which the nft ext 1f the arger es O
arenvolve ,there mayben® bno! malsignsOf oc n \1ew-p|tched hone!
When the imaller tubes are @ d, n-pitched rhoncht audible
alt over the lung fields at firsts d latets en secre! Lon become freets ubbling
rales Mmay wdible, €sPe! 121 ¢ the bases » the lauter must b€ disupgus?
from the finer rates & 4 with con olidation Occasmna\\y :honcha\ fremitus
may e detected

R!d'mlogks\ sppeuances
Many muid cases of acute pronchitss gve nse
2



ACUTE CATARRHAL TRACHEO-BRONCIATIS

change In more severe cases there may be some enlargement of the hrdar
shadows and accentuation of normal lung markings, most pronounced to-
wards the bases of the 1ungs~ these changes are mainly attributable to
vascular engorgement If the i spreads to the bronchioles, a fine
mottling may be produced by atelectasis of lung lobules, these appearances
merge into those of diffuse broncho-pneumonia, Areas of bemgn aspiration
preumonia (see page 123) may be seen n occasional cases in which the clinicat
picture 15 that of a simple acute bronchttis

Complications
P —The ) or acute bronchitis are
Most 1 futis are of the non-specific

* aspiration ™ kmd (.ree page 123)  These vary in severity from benign types, which
may be detectable only by radiography, to fatal diffuse broncho-pneumomas,
the latter occurring especxaily n mfants and the aged Massive collapse of a

lawer lobe 15 an Y ) 15 closely related to
th:u of \h: uspnranon ppeumomas, bu\ a man, mher than a segmental or smaller,
Less is may pave the way for invasion

of the lung by one of the orgamsms gausmg acute spearfic pneumontas  If dry
plennsy compheates bronchihis, it 15 due {0 one of these pneumome complications

Exacerbation of chromc pulmonary disease —Acute bronchitis frequently
causes exacerbations of the symptoms of chronie diseases of the lung  In bronchi-
ectasts, I'm' nstance, after an attack of bronchatis, not onIy are the symptoms

op d, butin the picture any gs that may be
present are accentuated, or new abnormal shadows may appear i the affected
areas (see Figs 22-24) In patients with chromc fibrotic pulmonary tuber-
culosts, acute bronchiis may cause similar changes, both n symptoms and
radiographic signs ; the decision whether these increased radiographic signs are
indeed secondary to the bronchitis or are due to fresh activity of the tuberculous
disease 15 difficult These non-specific ™ flares™ around chronic pulmonary
fesions after acute bronchitis are probably due to locahized pneumonic consoli-
dations

Congeste heart falure ~In chronic morbus cordis, acute bronchitis may
be a factor in determiming the onset of <ongestive heart failure The most clear
example of this 15" in cases of chromc cor le secondary to pul.
emphysema, in which episodes of congestive faslure are usually mlu:ued by an
acute bronchms In rheumatic heart disease with mutral stenosis, intercurrent

seems to falure  In b
heart disease, too, an episode of congestive l‘;uhm may be preceded by acute
bronchitis, although this must be disunguished carelully from acute pulmonary
oedema  Unless there 1s pre-existent heart disease, heart fafure does nat com-
phicate acute catarrhal bronchitis

Chronte bronchinis —~The fustory of most cases ol‘ chronic branchitis usually
shows at the cm:l recumnl amcks of acute b The relatwve
of unf: h as severe chimate conditions,
msufficrent care, and poor g:ncml ‘-,= p ting the proper of
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ACUTE CATARRHAL TRACHED-ONGAS s

+tent lesion of the
s the findings

2or good condittons
iged, 10 vView of the

F INFANTS

acute infecuion of the
1s characterized chint-
\th obstruction i1t the

diphthena. and with

Fig 24 —Bronchogram of the
e patient as in Fig 22
S wing bronchial dulatation
T both lower fobes The acute

Sroncht i the mght lower
Jobe, and by aspiration preu-
N omia m the nght upper lobe
e the broncht are of

i noisy respiration and
normat calibre

ysical signs i the lungs
s to suggest pneumonta
\¢ CAses chamc\cnsuca\\y
tion 1s due to swelling of
f o0 being lax 1 children
Ton are seen 10 the mucosa,
wation The tracheal and
When the exudate becomes
¢ with the swollen mucosa,
15 of variable portions of the
y actually become pneumonic

the acute process, and of constitytional or acz &
tract, in predisposing to a chrome phasz, »

groups of factors are operatve, and it n v s are 1nconstant, although
on the assumption that inadegmite tepe~ . I.. ociation with this condition .
gecurrence Of 10 chronicity. > & 4o authonues favour & virus

Post-operative bronchitis \
. L= Al nvaranle of SOOI CALATTE o
PR differential dragnosis from
woret . e ot (ndications  For diagnosis,
exacerbation of the chronte LaKhLOn, F . ay doubtful case, diphtheria
to be complicated by pncumonias, esped
massive coltapse of a lobe or lobes.

Differential diagoosis
: e Ay e s

humid atmosphere must be
e iphemicol, may be effective,
. N ' ““1 e . ‘e child's age Dangerous
v d by subglotic swellin
due to the specthe nfections, MERtKA, " = s
Testons of pulmonary tuberculons are ,:’ “hould not be delayed.

first drawn 1o the disease by an [ rs mucus by suction,
recovery from acute bronchitis showa s . 1 to mamtain the
of the lungs. Tn children, asthan s 7" B
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ACUTE LARYNGO-TRACHEO-BRONCHITIS OF INFANTS

develops, the cause of this must be sought m some pre-existent fesion of |
cardiovascular system, and the condition treated according to the findings

Ci 1 —An adeq peniod of under good canduic
1s of great ymportance, especially 1n young children and the aged, 1n view of |
susceptibility to recrudescences

ACUTE LARYNGO-TRACHEO-BRONCHITIS OF INFANTS

This utle has been used to describe a group of cases of severe acute infection of
respiratory tract i wnfants and young chifdeen  The silness 1s charactenized cli
cally by evidence of laryngitis, h and b h with ion n

1aryny and trachea which may closely simulate that of diphthena, and w
episodes of severe dyspnoea

Chinical picture

The infant 1s severely i, often pale, with obstructed noisy respiration 2
ry 1nd Xt tal spaces, the physical signs in the lus
are those of 2 lized h without focal S1ghs {0 suggest preumor
By endoscopy, Chevalier Jackson has shown that in these cases characteristics
the laryngeal mucosa is deep red, but the main obstruction 1s due to swellng
the subglottic tissues, the connective tissue 1 this region being fax n chuldi
(Jackson and Jackson, 1950)  Small patches of secretion are seen 1n the mucc
but there 1s neither vlceranon nor membrane-formation  The tracheal :
bronchial mucosa 15 acutely inflamed and swollen  When the exudate becor
purulent, it tends to dry into crusts which, 1ogether with the swollen mucc
abstruct the fumina of broncty, giving rise to atelectasis of variable portions of
lung, which may simulate pneumonic patches, or may actually become pneumo
if they become infected Bacteriological findings are tnconstant, althot
h: P i are found n with this condinic
although no spectfic virus has been isolated, some authotities favour a vi
aetrology

Diagnosis

The wmportance of the condition rests upon its differential diagnosis
laryngeal diphthenia, and upon certamn therapeutic imdications  For diagno
laryngoscopy may be necessary, aithough, i any doubtful case, diphthe
antitoxin should be gwven

Trestment

In treatment, the importance of an adequately humd atmosphere must

L he newer antib notably cht , m1y be effects
and should be given 1n a dosage appropriate to the child's age  Danger:
obstruction of the air-passages by the sticky seeretions and by subglotne sw el
may necessuate tracheotomy, and when indicated this should not be delay
In less urgent cases, bronchoscopy and removal of obstructing mucus by sucti

or of crusts of dnied secretion by foreeps, may be sufficent 1o mamtam |
r-way.
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ACUTL FIBRINOUS OR PLASTIC BRONCHITIS

distinet variety of acute tzed by the of casts
or of parts of the bronchual tree  Probably 1t is best to regacd this phenomenon
as one which may occur 1n the course of several types of bmnchms, rather than
as characterizing a distinct variety

Aetiology

The majority of the reported cases have occurred 1n the course of chronic
affections of the bronchi, pattents with chronic bronchitis having occasional
acute attacks associated with the formation and expectoration of a cast  Others
have been reported 1n assoctation with heart disease, with pulmonary tuberculosts,
with asthma or with pulmonary oedema after thoracentesis A few have seemed
to be a distinct variety of acute bronchitis, and acute cases have also been reported
1n association with typhoid fever, scarlet fever and measles

The formation of the casts may be merely an abnormal reaction to the factors
which usually produce a catarrhal bronchitis  The name, fibrmous, s misleading,
since the casts consist mainly of mucin, with only a little fibrin -~ They are generally
expectorated as rolled-up masses, and their true conformation can be observed
only 1f they are floated out n water  Possibly, if sputa were investigated in this
way more frequently, small bronchial casts might be found more often m simple
bronchitts

Clinical picture and course
In well-marked acute cases, the onset 1s simuar to that of a severe catarrhal
bronchiis,, after a few days, dyspnoea and cyanosis develop, and there 1s
evidence of partial obstruction to the air-way, 1n the form of indrawing of ter-
costal spaces and action of the accessory muscles of respiration  Collapse of a
lobe or lobes of the Iung, with its resultant physical signs, may occur  After
a hme. gen:mlly about a week from the first onset of the bronchitis, the cast
with relief of but 1n a number of the
repon:d cases there has been repeated re-formation of the cast  There 15 said
to be some nisk of impaction of the cast 1n the larynx, but apart from this the

bl

is not v
Treatment
Treatment 1s as for severe catarrhal bronchitis Potassium sodide 1s usually
to hasten the of the cast and to discourage 1ls re-forma-

tion  Chevalier Jackson mentions two cases in which symptoms were reliesed
by bronchoscopic removal of the cast

ACUTE BRONCHITIS IN SPECIFIC INFECTIONS
Influenza —In influenza of moderate seventy, climical evidence of bronchitis 1s
always present, and in fatal cases severe tracheitis and bronchitts are constant
findings  The inter-relation between the bronchitic and pneumonic changes 1n

PR
. may present, as one of therr principal
primanly due to their speaific causatne
agen(s. The mtial bronchitis of measles, preceded or accompanied by coryza

s



1+ TRACHEQO-BRONCHITIS

AT SATIVE TRACHEO-BRONCHJTIS

A more sevun fon hates, ¢t ized by the early of a
purulent sLage, b i wemua, and a ph death-rate, occurs sporadically
1917, wdiscre 4o 1t appeared in epidemtc form among British troops
both m Englaund 1+ vrance It was generally described under the title of
purulent bronge o sncertain whether this disease is aetiologically specific,
oris meref o . 1 orm of simple catarrhal bronchits, oceurring in an
todividual o ny whose resistance is lowered by exhaustion and bad
hveen a whom certain bacteria or groups of bacteria have
becon nt flora, .

. "le to distinguish a case of purulent bronchuis from

N especally as there is quite frequently a preceding
‘ + days, there appear dyspnoea and cyanoss, with
N +nkly purulent sputum, often blood-stained at fist,
1o 103-104° F. In some cases, the patient lapses

! siliv torpid state with increasing tachypnoea and cyanosis,
' 1 autopsy, universal gross purulent branchitis is found,
e mchu by pus, and with areas of collapse, but often very
monsa  In others, the course s more prolonged;

¢ mawtained for 3-6 weeks, with profuse sweating,

woo ! surulent expectoration, Most of the patients with such

prolanged (!~ .- er but the average mortality may be high In a ey
large provortion (T th,  wes in 1917, culture of the sputum showed Pfeiffer’s
bacillus, ofter wsar ¢ Toth g preumococeus.

Lragrosis

The diagnesss nuy b diffienlt 1 a sporadic case A general aspect suggesting
pneumococeal pneumonts, combined with physical signs of bronclutis vithout

womohdaton, and wau the expectoration of copious pus, is very suggesllv;‘
\ wadwgraph may show diffuse motthng, due either to secretion in lhch?f;‘;icm
1 whict

OF o seattered lobubir uelectasts ; the determination of the stage @
broncho-pncimanta 1 present is somewhat arbitrary, In the more prolonge
cases, acute bronch o v tub losis may be simuiated bY
the general conditton, but the absence of tubercle bacilli from the parulent sputvr
suffices to eliminate thic possibility,
Treatment
| iti *

hln addition to similar measures as for severe catarrhal bronchitis, oxﬁ:r
should be given continuously by an efficient method Penicillm of S0me ;
s;:xmb]e anubiotic should be given from the onset. A suitable sulphommc;_“l
B gu)? be given iF the bactertology of the sputum suggests that it mght be WSl
and i response to pemicillin has been unsatisfactory.

ACUTE FIBRINOUS OR PLASTIC BRONCHITIS
Under the utle, acute fibrinous bronchitis, the older text-book!
30
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CHAPTER 4

CHRONIC BRONCHITIS
J. G. Scappwve

IN TEMPERATE and changeable climates such as that of Great Brtam, the malady
generally described under the tule chronie bronchitis 1s one of the commonest
of chromic illnesses  The diagnosis 1s essentially a chinecal one, and although the
clincal picture 15 easily recognizable, many factors may play a part i its causation.
and the pathological changes are by no means uniform  The disease may anse
1n previously healthy persons, or it may be associated with asthma or other allergic
disorders or with chronic nasal infections ; and it may comphicate chronic cardio-
vascular or renal disease

CLINICAL PICTURE

The principal of chronic b hitis are i cough, productive
of a variable amount of expectoration, which may be either mucoid or muco-
purulent, and progressive dyspnoea on exertion In those cases of chronic
bronchitis which arsse insidiously, the most frequent age of onset 15 at or after
middle-age  The common history 1s that the symptoms start 1n the winter after
a cold which 1s followed by a cough and expectoration  In succeeding winters
the number of acute attacks of this sort and the duration of the cough after cach
attack progressively increase. This first phase of recurrent broachitis—with
symptoms confined to the winter months and clearing up entirely 1n the summer—
gradually gwves place as the years go on to a second phase of constant cough,
expectoration and dyspnoca on exertion, with winter exacerbattons, usually
assocated with intercurrent respiratory nfections  The sputum is purulent or
muco-purulent during and immediately after an exacerbation, but usually becomes
less purulent 1n the intervals, and during the summer

The symptoms may begin much eatlier 1n ife  Those beginming 1n childhood
are commonly assoctated with asthma  In a few of these cases the symptoms
may diminish in severity or even clear up completely at puberty In others,
however, the number and severity of attacks of winter bronchitss steadily increase,
and tually become b hout the year

Cammar —atmian — o 4 P . DA

almost smvanably develops, 50 that the terminal picture m all cases 1s that of
bronchutis, asthma and emphysema  Intercurrent mnfection often gives rise to
posumonic spusodes of varying seventy, mostly of the aspieateon fype A rarying
degree of dilatation of the basal bronehi often develops, presumably from gradual
weakening of ther walls, and sometimes more localized bronchiectatic changes
appearasaresul e episodes of ia or infected
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Au' ,1 TRACHEO-BRONCHITIS

characterized by slowly invre ing dyspnoea and cyanosss, together with signs
of bronchutis, but weth.t ¢+ ‘ence of consolidation of the lung. No constant
bactenological findings I . been recorded. Radiologically, there 1s diffuse
mottling, coarser than th ! t miliary tuberculosis. Proaof of the diagnasis of such
a rare condition, the el picture of which 1s relatively ill-defined, depends
upon findings at autops These consist of desquamative inflammation of the
bronchioles with uc’ .oy librous tissue around them, giving rise to more or
less dncrete nodule

Mustard gas

In pogeen + gas, on the other hand, the principal early effects on
e * are severe laryngitis, trachewys and bronchitis, the
S colay of 2-48 hours from the exposure, Most of the
UK . fary pneumonia At autopsy, the bronchil tree,
nght do . .+, shows an intense necrotizing mmflammation  The
L <+ brin and pus cells, may form a slough which separates
DY ies, acasin e ocal ulcers. The necrotizing bronchiolitis and the
AQccibaton 'l secretions give rise to a secondary patchy septic
pocueion v Iso produces, of course, serious effects on the skin
and Gye

¥
- © . un the respiratory tract are similar to those of mustard
8as, €xcept thal 17w o appear more promptly after exposure.
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CHAPTER 4

CHRONIC BRONCHITIS
J G ScaDDING

In TEMPERATE and changeable climates such as that of Great Britain, the malady
generally described under the tle chronic bronchitis ts one of the commonest
of chronic tllnesses  The diagnosis 1s essentially a chinical one, and although the
chinmical picture is easily recogmzable, many factors may play a part 1 1ts causation
and the pathological changes are by no means uniform  The disease may arise
1n previously healthy persons, or it may be associated with asthma or other allergic
disorders or with chronic nasal infections ; and 1t may complicate chronic cardio-
vascular or renal disease

CLINICAL PICTURE

The principal sympf of chronic bronchitis are cough, p
of a variable amount of expectoration, which may be either mucoid or muco-
purulent, and progressive dyspnoea on exertion In those cases of chronic
bronchitis which anse 1asidiously, the most frequent age of onset s at or after
middle-age  The common history 1s that the symptoms start 1n the wmter after
a cold which 1s followed by a cough and expectoration  In succeeding winters
the number of acute attacks of thts sort and the duration of the cough after each
attack progressively increase  This first phase of recurrent bronchitis—with
symptoms confined to the winter months and clearing up entirely in the summer—
gradually gives place as the years go on to a second phase of constant cough,
expectoration and dysproea on exertion, with winter exacerbations, usually
assocrated with intercurrent respiratory infections  The sputum 15 purulent or
purulent during and diately after an exacetbation, but usually becomes

less purulent in the ntervals, and during the summer

The symptoms may begin much earlier :n Iife  Those beginning 1n childhood
are commonly associated with asthma  In a few of these cases the symptoms
may diminish in severity or even clear up completely at puberty In others,
however, the number and seventy of attacks of \vmlcr bronchius steadily increase,
and y D become hout the e year

[ - v

asthma and

pranmAn a g cadeg (f1nm wa cayarTt,,

infectton often ves rise to
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At TE TRACHEO-BRONWCHITIS

charactens © w1« .asing dyspnoea and cyanosis, together with signs
of bronchuis by cn udence of consolidation of the lung  No constant
bactenologna’ Y+ ' s been recorded  Radiologically, there 1s diffuse
motthnz «ou s’ of miliary tuberculosis.  Proof of the diagnosts of such
a rare cor ditu nicstl picture of which is relauvely ill-defined, depends
upon findim_+ . These consist of desquamative inflammation of the
bronchwole v v chonev fibrous tissue around them, giving nise to more or

fess diveretc aocae

Mustard pas .
e 1 astard gas, on the other hand, the principal early effects on
©.ct are severe larynguis, tracheitss and bronchitis, the

. delay of 2-48 hours from the exposure. Most of the

condary pneumonia At autopsy, the bronchial tree,

0o cLioles, shows an ntense necrotizing inflammation  The
. aued fibrin and pus cells, may form a slough which scparates
[ v superficial ulcers  The necrotizing bronchiolitis and the
RESTRTN xted secretions gnve rise to a secondary patchy sepiic
Pituime v ' . gas also produces, of course, serous effects on the skin

e

+ "7 wic on the respiratory tract are similar to those of mustard
235 waeept that wynepioms appear more promptly after exposure.
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CHAPTER 4

CHRONIC BRONCHITIS
J. G. ScapDING

IN TEMPERATE and changeable climates such as that of Great Britam, the malady
generally described under the title chromie bronchitis 1s one of the

of chronic ilinesses  The dragnosss is essentially a clinical one, and although the
clinical picture 15 easily recognizable, many factors may play a part in its causation.
and the pathological changes are by no means umiform  The disease may anse
1n previously healthy persons, of st may be associated with asthma or other allergic
disorders or with chronic nasal infections ; and it may complicate chronic cardio-
vascular or renal disease

CLINICAL PICTURE

The principal of chronic b h are i cough, productive
of a vanable amount of expectoration, which may be esther mucord or muco-
purulent, and progressive dyspnoea on exertion In those cases of chromc
bronchitis which anse msidiously, the most frequent age of onset 1s at or after
mddle-age  The common history 1s that the symptoms start 1n the wnter after
a cold which 1s followed by a cough and expectoration  In succeeding winters
the number of acute attacks of this sort and the duration of the cough after each
attack progressively increase This fiest phase of recurrent bronchitis—with
symptoms confined to the winter months and clearing up entirely 1n the summer—
gradually pives place as the years go on to a second phase of constant cough,
ewpectoration and dyspnoca on exerion, with winter exacerbations, usually
assocrated with intercurrent respiratory infections  The sputum is purulent or
muco-purulent during and immediately after an exacerbation, but usually becomes
Tess purulent in the intervals, and dunng the summer

The symptoms may begin much carlier 1n ke Those bepnning 1n childhood
are commonly associated with asthma  In a few of these cases the symptoms
may diminssh 1n seventy or even clear up completely at puberty In others,
however, the number and seventy of attacks of winter bronchitis steadily merease,
and 11 s become h the year

Sooner or later 1n nearly all cases of chronic bronchitis emphysematous changes
deselop in the lungs, and the course and prognosis are then those of emphysema
In addition, even 1n cases not primarnily asthmatie, more or less bronchial spasm
almost invanably develops, so that the terminal prcture 1n all cases 1s that of

asthma and emph; Intercurrent infection often pives nise to

preumanc episades of varing severity, mostly of the aspsation ype A varymg
degree of dilatation of the basal bronchi often deselops, presumably from gradual
weakening of their walls, and sometimes more localized bronchiectatic changes
appear as & result of the episodes of a or infected atel
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4(71F TRACHEO-BRONCHITIS

characterzed e Do o onosing dyspnoea and cyanosis, together with signs
of bromhuts by 11 odence of consolidation of the lung No constant
.« been recorded Radiologically, there is diffuse
+ ot miliary tuberculosis  Proof of the diagnosis of such
1wl picture of which 15 relatively ill-defined, depends

upon findr =~ w4y These constst of desquamative inflammation of the
bronchinle. vy ¢ uh aew fibrous tissue around them, giving nise to more ot

fess discrete nodue
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To > * 5 wtrd gas, on the other hand, the principal early effects on
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detay of 2-48 hours from the exposure. Most of the

.oudary pneumonia. At autopsy, the bronchial tree,

[RIRY w1 oles, shows an intense necrotizing inflammation The
" ~w . wued fibrin and pus cells, may forma slough which sepatates
[N we superficial ulcers. The necrotizing bronchioltis and the -
[N ted secretions give nise to a secondary patchy sepc
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C e

stard

- .- .lc on the respiratory tract are similar to those of mu
a5, WACEPE 2T ,mp.oms appear more promptly after exposure.

BIBLIOGRAPHY
deare lary ngo-grochon by nic of Infants .
Jdion C art Tt . " 1950) Broncho-oesophagology, p 121 Philadelphia and Lor

dim S deee
Mancrefi A aia % 11 s Ty V. (1989) “Acute Laryngotracheobronchis trated vt
Chloromycstin - 4ances 2, 748
Parulont trachec-bronchatin 4
Abrelims A Haltows v 1 . Eyre, 7 W, H, and French, H (1917)
Lan 12,7 -
Hammond, J A B Folland W, and Shore, T. H. G (1817
Lancer 2,41
Fubtinous bronchuss
Bettmann, M €502 Renort of a Case of Fibnnous Bronchitis with 2 Rev:eworamhefﬂ“
m the Literatete” = er J mad. Ser, 123, 304
Walker,1 C (19200 * Fibrirous Bronchitis dmer J.med Sci , 159,825
Bronchites due to dust inkalation ‘ the
Perry, K M A (1947) * Diseases of the Lung resulting from Occupational Dusts
. Siica® Thorav, 2,91 Januaty
Telehy, L (1938) * Pueunmocomons.” In Occupation and Health (f L 0, 549 "

« purulent Bronchits

« purulent Bronchi™s "

er than

plements

34



CHAPTER 4

CHRONIC BRONCHITIS
J. G ScappiNG

IN TEMPERATE and changeable climates such as that of Great Brtain, the malady
generally described under the title chronie bronchitis is one of the commonest
of chronic illnesses  The diagnosss is essentially a chaical one, and although the
cltmcal preture 15 eastly recognizable, many factors may play a part 1n its causation
and the pathological changes are by no means uniform  The disease may arise
1n previously healthy persons, or 1t may be assoctated with asthma or other allergic
dtsorders or with chromic nasal infections , and 1t may complicate chromic cardio-
vascular or renal disease

CLINICAL PICTURE

The principal of chromc bronchitis are persi: cough, prod
of a vanable amount of expectoration, which may be either mucord or muco-
purulent, and progressive dyspnoea on exertion. In those cases of chromc
bronchitis which arise nsidiously, the most frequent age of onset 1s at or after
muddle-age. The common history ts that the symptoms start in the winter after
a cold which is followed by a cough and expectoration  In succeeding winters
the number of acute attacks of this sort and the duration of the cough after eack
attack progressively increase This first phase of recurrent bronchitis—with
symptoms confined to the winter months and clearing up entirely 1n the summer—
gradually gwves place as the years go on to a second phase of constant cough,
expectoration and dyspnoea on cxeruon. with winter exacerbations, usually
with The sputum 5 purulent or

muco-puru]ent during and immediately al‘tcr an exacerbation, but usually becomes
less purulent 1n the intervals, and duning the summer

The symptoms may begin much earlier in ife  Those beginming 10 childhood
are commonly associated with asthma  In a few of these cases the symptoms
may diminish 1n seventy or even clear up completely at puberty In others,
however, the number and seventy of attacks of wm(cr bronchitis steadily increase,
and ly become h the year

Cmmnan ae FOup— . .

almusl mvumbly develops, so that the ternunal picture m all cases is that of

asthma and h lmercurrent infection oﬁcn gncs nse to
DR A S 1
appear as & result of the episodes of or infected atel




CHRONIC BRONCHITIS

AETIOLOGY -

Ithough certain unfavourable environmental factors seem to predispose to the
Jop of chronic b hatts, the most important aetiological factor in
ost cases 15 constitutional A farmly history of similar affections is frequently
und, sometumes running through several generations The relation of some cases
 asthma, which of course 15 often familal, has already been noted  The chief
1VIT | factors predisp g to chromic bronchitis are poor housing,
sposure to cold and damp at home or at work, and exposure at work to violent
anges of temperature and to various dusts Excessive smoking is a factor
| some cases, and presumably acts by long-continued chemical irnitation of the
ronchial mucosa
Recurrent resptratory infections develop and persist, presumably because of the
nderlying abnormality of the respratory mucosa , they tend to produce further
image to the mucosa, and thus set up a victous circle rendening the mucosa
1]l more susceptible to further infections

PATHOLOGY

t necropsy, the pathological picture of chronic bronchttis 1s usually comphcated by
rminal pneumonic changes, nearly always by emphysema, and often by more
- less bronchial dilatation The latter most often affects the basal bronchi,
e walls of which are thin, atrophic and d b hit
anges may be found d to other bronch: 1 'y than the
isal ones  Elsewhere the mucous membrane of the bronchi may be cither
vollen and hypertrophic or thin and atropme  The bronchi contain muco-pus
- pus  Histologically the epithelium loses 1ts normal cihiated columnar form and
comes cubical or flat and in places desquamates  There 15 a varnable amount
“ceflufar infiltration and fibrosis of the bronchial wall, and i severe cases fibrous
sue may replace the bronchial glands and muscle tissue In most cases there is
dence of night ventricular hypertrophy, and in those 1 which the secondary
nphysema has been severe the changes associated with right ventricular faure
ay be found

PHYSICAL SIGNS

hrome bronchitis characteristically gives mse to persistent rhonchi widely
attered over the lungs, and these constitute the only distinctive physical signs
hey are variable m pitch , if, as often happens, there 1s an appreclable_degrec
“bronchial spasm, they are more prolonged and higher in pitch during expiration.
fter a bout of coughing the rhonch often dlmmx§h mn m(cns(l}" or cleir up,

qux:scent’ph‘asc, they suggest basal bronchiectasis 1 UILGIIPLLALG Ly
" ttis the fingers are not clubbed
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CHAPTER $

THE PNEUMONIAS
I G. Scapving

CLASSIFICATION AND NOMENCLATURE

Definition
ETYMOLOG!CALLY the word pneumonm. like its synonym, pheumonitis, means

* inflammation of the lung”; but by convention 1ts application is usually con-
fined to those forms of pulmonary inflammation which are charactenized pre-
dominantly by exudation into the alveoli. This convention excludes from the
preumonic group those forms of pulmonary inflammation the chief effects of
which arte fibrosis, suppuration or necrosis, even though these changes may be
present maidentally in some pneumonias  Thus the fibrotic stages of pulmonary
tuberculosis are excluded, even though, on the one hand, an active stage of the
same disease with d alveolar d. may be termed
tuberculous ppenmonta, and, on the other hand, a pneumococcal pneumonia
may very lly end 1n or, fon leading to fibrosis. It is clear that,
even with this conventional limitation, a large variety of morbid conditions are
mcluded under the heading, pneumonia

Classification and nomenclature
The lature of the 15 at present in a very confused state
The older system was based almost exclusively upon anatomical features, the
principal distinction being between lubar pneumonias and lobular pneumonias
ho-p The d p of spscnﬁc methods of therapy,
A ey

o on manestla asmardine

or br
Stps Ao £ e

can be either lobar or lobular in distnbuuon An important proportion ot
pneumonias can 1a fact be classlﬁed conventently on this bas:s of speaific causatine
agents , lhey are here called * acute specific pneumomas ™  Classification of

al} pneumonias on such a basls. howcvcr 15 nol, m pr:\cucc, possibfe. This 15
due not only to k of | agents but also to certain

1 farities of the lungs There 1s a large group of
pneumomas which are primanly due to a breakdown of the normal defences of

the respiratory tract, allowing organisms which are nm specifically pathogenic
t ly be classified and named

1o gain access 10 the lung Thls group
dmg to ; jas of this group are here called
* aspiration pneumonias”., The rensons for applying this term to them are
discussed below (page 62) A classification of pneumonias based on these
considerations 1s gaven tn Table T

(o]



CLASSIFICATION AND NOMFNCLATURE

TARLE L
» CLASSIEICATION DF PNEUMONIAS

(1} Acute specific preamanias

Causat factars Remarks

Hactensh

Sif pricunsIe (RACUTHIARKCIS)
Sty haentoly icos

Stoph anrens

Erediinder’s bacitlus

Mito subescduss

B influenzar

Rare, apart from associaton wwh wfluenza

wirus
Woal-sorer's duease
Pneumon phague

Anthras baclioy
Fat pertis
Fast wlurenuy

Associated with yITs dseases
tnfuenza The prevmomas assecaed with these two

virus hstases wee caused by the jomt
effects of the wirus amd ranous baciera

hirasies
Virad

PRRAOMS-OPIAKONIS group

Unideanfied pneumonotropic viruses

Varuses of recogmzed ncute spectfic
dugases

Ruhensnot
R burnen QTever

Tungal

Plasmod,

Madgnam fernan makara

Themcal *
f.ung-rrntant gases
Lrpoids

b

Aterge | LoeMler's syndrome.,  sosmophibe whlira-
H tons of the Tung, perartenis podosa

2y Atpiration preumomias

e
Diffuse Synonyms  Broncho-pneumoria
Vanewes  Post-operatine, Ryposatne ferauaal, post-
Bronchinis deghutetron, thalabion
Located Svaonyms  Infecicd iy
Soppuratne Synonyms .

e broncho-pacumona, lung abwen
tmast types)
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THE PNLUMONIAS

Acute specific pneumonias

The acute specific p ; Jassifiab ding 10 thetr specific causa
agents, can be divided into several groups, of which the first four are of &rea
importance.

Pneumonias due to bacteria are probably the most numerous ; they res
from mfecnpn of the lung by specifically invasive bacteria, Pneumococ

is the typical ple of this group  Charactenstically, they hav

welf defined course and produce well marked immunity reactions in the blo
and ussues of the patient ; <t P and b b effect
agamst the causative organismis give good results in treatment.

A special category is necessary for the pneumomas associated with influer
fmd with measles Although m many animals the normal pattern of seve
influenzat infection 1ncludes a pure virus pneumonta, without additsonal snfects

by bacteria, m man the iated with infl are due to t
combined action on the lungs of the nfiuenza virus and of a vanety of bacte:
of, at least, p { md dent path In measles, it is certain th

bacterta are stmularly responsible, at least m part, for the pneumonic complicatior

The pneumontas due to pure vitus infections of the Jung are a difficult grou
since the detection of the causative virus 15 so much more difficult than 15 that
the causative bactetia in bactenal pneumonias. Pneumomas dve to viruses
the psittacosis-ornithosis group are at present the only ones due to a named as
generatly identifiable virus.  There 13 no doubt, however, that a farge and importa
group of pneumonias 11 man are due to either pneumonotropic viruses, whi
have been less completely, or in some instances not at all, identified in tt
lab y These are classifi “p d due to ifi
preumonotropic viruses 7. The problem presented by these cases is comp}'\cale
by the fact that common colds, as well as symilar epidemic upper-respirator
infections of presumed virus origin, have an important effect in predisposing t
bactenal and in jnil certan p of the aspiratio
group , but there 15 no evidence that in these nstances the viruses are conterne
1n the actual lung lesion. *

The most impottant member of the nick 1 groupisthep
caused by the virus of Q fever, Rickettsia burner  This has been shown 10 accu
m widely seattered Jocahties all over the wosld.

Aspiration pneumonias

Aenological factors )
There 15 a large group of pneumonias, which oceur m the course olf‘ varfou
acute and chronic catarrhal inf of the y tract, in of

debitity from chrome systemic discase or old age, after opesations, or during
coma from any cause, 1n which the bacterial flora 1s mixed and miay contaun 1o
specially 1nvasive organisms, and in which there 1s no evidence that any specific
virus is concerned  Some of these pneumonias are diffusely lobulat in distribu
tion, most ofien at the bases though occasionally in other parts of the Jungs .
but sometimes the lesions may be confined to one or a few broncho-pulmonary
segments. They are usually termed broncho-pneumonias, although this term
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THE PNEUMONIAS

Acute specific pneumonias

The acute specific p ding to their specific causative
agents, can be divided into several groups, of which the first four are of greatest
mportance

Pneumontas due to bactena are probably the most numerous ; they result
from 1fection of the lung by speafically invasive bacteria, Pneumococcal
pneumoma 1s the typical example of this group  Characteristically, they have a
well defined course and produce well marked immunity rcacnons 1 the blood

and tissues of the patient, chemoth and b effective
against the causative orpanisms give good results in treatment.
A special category 1s necessary for the p d with i

and with measles Although in many animals the normal pattern of severe
influenzal infection includes a pure virus pneumonta, wnhau! additional infection
by bactena, in man the with i are due to the
combined action on lhe lungs of the mﬂuenza virus and of a variety of bactena
of, at least, p path In measles, it 1s certain that
bacteria are snmlhl’ly responsible, at least in part, for the pneumanic complications.

The pneumonias due to pure virus infections of the lung are a difficult group,
since the detection of the causative virus 1s 50 much more difficult than is that of
the causative bacteria m bacterial pneumonias, Ppeumowas due to viruses of
the psittacosis-ormthosis group are at present the only ones due to a named and
generally identifiable virus  There 1s no doubt, however, that a large and important
group of pneumonias 1 man are due to either pneumonotropic viruses, which
h:\ve been Jess comp\elely, or m somc nstances not at all, identified in lhc
1 y  These are d due to uni fi
pneumenotropic viruses”  The pmblem preseated by these cases is comphcat:d
by the fact that common colds, as well as symilar eprdemic upper-respiratory
fections of presumed virus origin, have an important effect 1n prcdxsposmg 1
bacterial and 1 certain f the aspi
group ; but there 1s no evidence that in these instances the vnruses are conccmcd
m the actual lung lesion

The most important member of the rickettsial pneumonia group is the pneumonia
caused by the virus of Q fever, Rickettsia burneti, Thus has been shown to occur
in widely scattered locahties all over the world

Aspiration pneumonias
Aettological factors

There 15 a large group of _pneumonias, which occur in the course of various
acute and chronic catarrhal i of the y tract, in of
debility from chronic systemic disease or old age, after operations, or during
coma from any cause, in which the bacterial flora 1s mixed and may contain fo
specially invasive organisms, and in which there 15 no evidence that any specific
virus is concerned. Some of these pneumonias are diffusely lobular in distribu-
tion, most often at the bases though occasionally m other parts of*the fungs;
but sometimes the lesions may be confined to one or a few broncho-pufmonary
segments They are usually termed broncho-pneumonias, aithough this term
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THE PNEUMONIAS

Acute specific pneumonias

The acute specific g to their specific causative
agents, can be divided into several groups, of which the first four are of greatest
importance

Pneumonias due to bacteria are probably the most numerous; they result
from mfecuon of the lung by specfically invasve bacteria. Preumococcal
pneumonia is the typical example of this group  Charactenstically, they have 2
well defined course and produce well marked immunity reactions in the blood
and tissues of the patient ; ch herapeutic and antibiotic sut effective
against the causative organisnts give good results in treatment

A special category s necessary for the i iated with infl
and with measles  Although mn many anmmals the normal pattern of severe
influenzal infection includes a puse virus pneumoma, without additional infection
by bactena, in man the g iated wath infl are due to the
combined action on the lungs of the influenza virus and of a variety of bactersa
of, at least, p 1 1nd il In measles, it is certain that
bactena are sumilarly responsible, at least in part, for the pneumonic complications.

The preumonias due to pure virus mfections of the lung are a difficult group,
since the detection of the causative virus js so much more difficult than 15 that of
the causatrve bactena mn bactenal pnevmontas. Pnenmonias due to viruses of
the psuttacosts-ormithosts geoup are at present the only ones due to a named and
generally identifiable virus.  There 1s no doubt, however, that a large and important
group of pneumomas in man are due to either pneumonotropic viruses, which
have been less pletely, or 1n some not at all, idenufied in the
faboratory. These are cl das d due to unidentified
poeumanatroptc viruses ”  The problem presented by these cases is complicated
by the fact that common colds, as well as similar epidemic upper-respiratory
infections of presumed virus origin, have an important effect in predisposing to
bacterial p and 1 i ing certain fas of the asp
group ; but there 1s no evidence that in these instances the viruses are goncemeti
in the actual lung lesion

The most importaat member of the Iy group s the pr
caused by the vitus of Q fever, Rickertsia burnenr.  This has been shown to occur
1n widely scattered localties all over the worid

Aspiration pneumonias

Aetiological factors .
There 1s a farge group of pneumonias, which occur in the course of yanou;
acute and chrone catarrhal it of the respi 'y tract, m of

debility from chronic systemic disease or old age, after operahions, or duting
coma from any cause, 1n which the bacterial flora 15 mixed and may contatnt n0
specially wvasive organisms, and 1n which there 1s no evidence that any spcf-‘iﬁﬂ
virus 1s concerned, Some of these pneumomas are diffusely lobular in dustribu-
tion, most often at the bases though occasionally in other parts of*the Jungs;
but sometmes the lesions may be confined to one or a few bmncho-pul{nonary
segments They are usually termed broncho-pneumonias, although this term
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THE PNEUMONIAS

injection of mucin alone, g m i of varying extent,
usually poor in fibrin, which might persist as long as 3 days, The probable
mechamsm by which these pneumonic reactions are caused is imtially tdentrcal
with that of atelectasis. Small bronchi or bronchiofes_become blocked with
the mucus or other material ; the air beyond the block is absorbed into the
blood stream, and thus the obstructing material tends to be drawn further down
towards the alveoli If the matenal i1s nerther srritating nor infected, a pure
atelectasis of the related segment of the lung occurs , if it 1s irritant, enher from
s chemical nature or as a result of any sort of bacterial contaminatton, an
wflammatory reaction 1s set #p m the bronchwoles and aiveoh, giving nse to a
pheumoma

Clinteal effects
Cltnically, a lobular preumonia of varying extent may be produced by a
mechanism of this sort 1n a patient whose respiratory-tract defences have been
damaged by systemic or local disease. Bronchitss, of all sosts, 15 an especially
important dent cond . the prod of inter-
ference with the ciltary mechamsm and narrowing of the lumen of the smaller
bronchi and bronchioles by inflammatory swelling of their mucosa are conditions
especially f. ble to the asp h The may be
extensive enough to contribute to a fatal outcome 1n a patient enfeebled by 9!d
age or disease, although none of the organisms recogmzed as having invasive
power i the fungs i1s present in the sputum, or ¢ven in the lungs at necropsy.
On the other hand, the aspiration mechamism 1s probably responsible for the
muld local which radi hy has shown to be a not infrequent
1 of the catarrhal i of the y tract, f‘"d
which are described below under the title of ** localized aspiration pneumonia ™.
There 1s thus a wide vaniation 1n the extent of the lesions, as welt as mn the seventy
of the produced by of the type. Furthermore,
it 1s impossible to draw a hard-and-fast hine between this group and some of the
preumomas considered to be acute specific infections , ¢ases having some of the
characteristics of both groups may occur, as when a pneumonia is 1mtiated by the
pil but the happen to contain a few pneumococct
or other independently pathogenic organisms In such a case, the greater the
pathogenicity of the organism present for the indwvedual patient, the more the
clinical picture 1s Iikely to resemble that of the acufe specific pneumonia causc‘d
by that orgamtsm  Thus, although the of asp fon p 5
not dependent upon the presence of especially pathogenic orgamsms, the
course 1s influenced by variations in the bactersal flora
The d i factor n the of aspi p ias is interference
with the normal defence mechanisms of the lower respuratory tract There are
several ways in which the defences may be impatred  The cnligry mechamsm
of the bronchi, which normally keeps 2 thin sheet of mucus continually moving
upwards towards the larynx, may be affected by inflammatory processes ranging
from the common cold to chronic bronchitis , these catarrhat conditions of the
upper or lower respiratory tracts also provide excessive sectetions which may be

&4




PNEUMOCOCCAL PNEUMONIA

Method of description adopted in this chapter

Although typical cases of the various acttological varieties of pneumoma may
present chmeal pretures sufficiently dishinctive to suggest a specific diagnosis,
proof of this rests upon laboratory studies, which will not be available at the time
when the practical problem of treatment must be met, n many cases it s
smpossible even to make a reasonable guess at lhe spcclﬁc dhagnosts on chmcal

gronnds alone  For this reason, in thc of the p
the practical problem of d ly The mdividual
of the speaific p mcludc only busel references to important

peculiantes of each v.me(y 1 the matter of sensitivity to sulphonamsdes and
antibrotic agents  The practical problem of the treatment of the pneumonias m
general is discussed at the end of the chapter.

PNEUMQCQCCAL PNEUMONIA

The acute specific disease caused by mfection of the lung by orgamsms of the

poeumococcus group 1s by far the commonest type of acute specific pneumonsa

Its typical form presents the classical preture of Jobar or fibnnous pneumoma

“The pneumococtus

The relation of the orgamism now called the pneumococcus, or Streptococeus {or

to 1 man was first established by Frankel

1mn 1888, zhough the orgamis;m had been described by othcr observers some years

are D d, lance-shaped cocel,

usually seen in paus o trssues or sccrcuons, but wuh somc tendency to form

shatt chains w culture  They are classed i with lhe
from the rest of which they can be d ted by thewr bile-sol

Typing of pneunmococct

Exammned by coltueat or starning methods, peeumococc form 2 homogeneous
group, with the exception of type 111 of the current classificatton  Thts strain
has a thicker capsule, forms morst mucoid colomes, has a greater tendency to
occur in short chamns, and 15 mote virulent than the other strams, these it 15
possible to classify only by serological methods

In 1909 Neufeld and Hdndet prepared a potent monovalent serum agamst 3
strmn which they catied ** 1™, and which is the type 1 of later classifications ,
they found that this serum was both protective agamst mfections with the
bomologous stratn, and caused spectiic agglutimation of this strain, but was
mefctve 11 both respects agaiase otker strauns o {913, Dactez and Giffespie,
i the Unsted States of Amenca, divided pneurnococa: mto four groups  their
type 1 was sdentical with Newfeld's, type 1Y was another stram, distinguishable
by speaific serologieal methods, type 111 was the Strepfococcus mucosus, and
group 1V a heterogeneous collection of all other strains At the same tuue,
Lister in South Afnca evolved another classification, hus types bemg denoted
by letters of the alphabet, some of Lister's types were not included i the
Amenican list.

The task of extending Dochez and Gullespre’s classification was tackled by many
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found that, of 351 cases of pneumonia observed in North-West London between
1942 and 1944, 298 could be attributed with some assurance to bacterial infections,
whereas $3 could not be attributed to specific bacterial infection. Table II

TABLE 11
INCIDINCE OF PNEUMDOOCCAL AND OTHER PNTUMONIAS IN LoNDON, 1942-44%
Infection I Number , Percentage
Paeumococeal 278 92
Haemolytic streptococcal 9 26
Staphylococeal 7 2 0
Friedlander’s bacillus 2
Other bacteria 2 0 6
Not attributable to specific
bactersal mfection 53 151
Total 351 —_

* After Humphrey, Joules and van det Walt {1948),

shows the bactenia which they considered responsible for their 298 bactenal
cases ; 1t will be noted that the pneumococc;\l was by far the most frequent.
In spite of these authors® fairly ! they were
able to assign a probable named virus aetiology to only 3 of their 53 cases not
attributable to specific bucterial mfection ; these appeared to be due to viruses
of the psittacosis-ormthosss group

The above figures may be compared with those m Table IIl whxch show the
and in the senes

of
of Bullowa and Gleich (1938) 1n New York from 1928 t0 1935, The percentages
of Ppreumonuas due to speaific bacterial agents are very similar 1n the two series ;
it is probable that the group labelled * non- pncumoccccal in the figures of
Bullowa and Gleich mcludes cases which would be 1ncluded in the London seties
under the heading “ not attributable to specific bactental infection , as well as
the small number atttibuted to specific bactena

TABLE 1
oF P AND NON-P! N New Yora (1928-1935)°
Infants Chitdren Adults Total .
Infecvon 0-2 years 2i2years | above 12 years all ages

No of | ¢, of* No of
cases | cases | cases | cases
1 566

Preumococeal 1 [ s62 | 37
Non-pueumococcal | 297 438 285
Haermolytic
smptococcus 19 28 3
ococcus 17 ] 25 i6
st
bacillus 0o — °
Total e | — 66 | — | »1

*After Bullowa and Glexch (1918)
** The percentages have been calculated from the figures given in the origunal paper.

66



PNEUMOCOCCAL PNEUMONIA

Method of description adopted in this chapter

Although typical cases of the vatious aetiotogical varieties of preumonia may
present chinical pictures sufficiently distinctive to suggest a spectfic duagnosts,
proof of this rests upon laboratory studres, which wilt not be avarlable at the time
when the practical problem of treatment must be met; in many cases it 1S
1mpossible even to make a reasopable guess at the specific dragnosis on clmzcal

grouads alone  For this reason, !he g p of the
the practical problem of is d 1y. The individual
ions of the speatfic p include anly bn:l‘ references to umportant

peculiarities of each v:mcly 1 the matter of sensitvity to sulphonamdes and
antibiotic agents  The practical problem of the treatment of the pneumontas in
generalis discussed at the end of the chapter

PNEUMOCOCCAL PNEUMONIA
The acute spectfic disease caused by mfectron of the lung by orgamsms of the
preumacaccus group 15 by far the commonest type of acute specific preumonia.
Its typical form presents the classical picture of fobar or fibnnous pneumonta
The pneamococcus
The refation of the orgamsm now called the pneumococeus, 01 Strepfococcus (or
to

n man was first established by Frankel
uw 1886 (hough the orgamsm had been dcscnbcd by other obs:rvcrs some ycars
P

are ped cocct,
usuany seen m pairs 1n tissues or sccrezlons, but with some tendency to form
short chains i culture  They are ¢lassed ty with the

from the rest of which they can be d hed by their bile-solubsity

Typing of pneumococcs

Examined by cultural or stamning methods, preumococer form a homogeneous
group, with the exception of type Il of the current classification  This strain
has a thicker capsule, forms mosst mucord colomes, has a greater tendency to
occur in short chams, and 1s more virulent than the other strams , these it is
possible to classify only by serological methods

In 1909 Neufeld and Handel prepared a potent monovalent serum agamst a
stram which they called “ £”, and which 1 the type [ of later classfications §
ihey fonnd that this serum was both protecuve agamst infections with the

. . type I was another steam, dxs(mguxshablc
e M1 was the Sireptococcus mucosus, and
of all other strams. At the same time.
Lister m South Afnica evolved another classification, bis types being denoted
by letters of the alphabet, some of Lister's types were not imeluded in the
American List
The task of extending Dochez and Gillespie’s clasafication was tackled by many
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PNEUMOCOCCAL PNEUMONIA

examinations of the saliva of 108 children over a period of 10 months, and found
pncumccocm n 908 (or 57-5 per cenl) of the 1 Of the pi

and occasionally more than one type appearcd together Pneumococct were
dctccted at some time duning the mvesugmon 1 all but 3 of the chitdren  The
of p types 15 very different  Table IV
shows the incidence of pneumococml (ypcs m two American series of cases of
pneumonia
Similar results, i a smaller number of cases, were obtained by Glynn and
Digby (1933) 1n Liverpool (England), as shown in Table V

TABLE V
INCIDENCE OF PNEUMOCOCCAL TYPES IN PNEUMONIA AND IN NORMAL Saviva *

Seutom from 127 | oo ae
Pneumococe: cases of pneumococea! Al
eamon normal persons
Type Number | Percent | Number | Percent
1 a8 378 0 [
I 28 220 0 0
m 2 16 0 0
Others 49 386 10 40
h
Totat No of cases 127 1000

* After Glynn and Digby (1933}

Immuntty

Specific immunity reactions occur 1n response to pneumococcal infections
Ator slightly before the time of defervescence, in cases ofpncumococcal pncumoma,
agglutinins, precipitins, opsomns and fixtng and T
antibodies can often be demonstrated 1 the blood by appropriate methods
A dermal reaction to specific soluble substance has becn described by Tillett
and Francis (1929), who found that, although patents early wn the caurse of
pneemococcal pneumoma showed no reaction to the intradermal mjection of
spectfic soluble substance, at the ime of defervescence a Isrge proportion showed
an immediate urticarial and erythematous local reaction  Potent protective sera
against nearly all types of pneumococcus can be prepared , sera obtatned from
horses and from rabbits have been used (herapeuuca]ly
The of
Conclustons drawn from ammal experiments

The now classical expenments of Blake and Cecx\ (1920) sull provide the mosl
convincing evidence of the probable h of
pneumonia 1n man  They worked with Ph:llxpme monl\cys whose susceptibility
to the pneumococcus seems more nearly simular to that of man than 1s the case
with other amimals that have been used 1n experimental studies By the mtra-
tracheal injection of minute amounts of virulent pneumococcal culture (generally
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THE PNEUMONIAS

Lypc 1) they consistently produced a disease similar to lobar pneumonia in man,
P large s of culture nto the nasopharynx failed
tro produce q:s‘ease, although the organism was carred for at least a month.

n it of failed to produce pneumonia, although
they might cause death from septicaemia  The blood stream was invaded %n

some cases during the course of the caused by i I injection
of pnesmococei.
The morbid of the duced was simifar to that observed

in man  From the study of amumals kalled at various intervals after infection,
the authors concluded that pneumacocet prmanly mnvaded the pulmonary tissue
near the hitum, probably by penetration of the bronchial walls, and then spread
throughout the lobe m the penvascular, peribronchial and septal interstitial
tissue and lymphatics, reachuing the alveol from the interstitial tissues The
possibility that the primary mvasion was by way of terminal bronchioles or
alveol: near the hilum was not excluded, but 1t seemed certain that throughout
moast of the lobe the earliest lesions were interstitral, although, with the develop-
ment of the later alveolar reaction, the early nterstitial reaction was largely
masked. The concept formed as a result of these expeniments is that, once
pneumococcr of suitable virulence gain access to the lower respiratory tract,
they can imvade the interstitial tissue of the lung, and spread throughout a lobe
or [obes, producing what may well be regarded as a cellulitis of the fung

Several authors have described expetimental pneumococcal pneumonias
which the method of propagation of the mnflammatory process through the Iung
appeared to be different from that described by Blake and Ceail, but in every
1nstance 1n which an important deviation from their descriptton has been observed,
there was 2 complicating factor, absent from their experiments Thus Permar
(1923) described experimental pneumomua arsmng as an acute inflammatory
reaction 1 the trachea, bronchy, alveolar ducts and alveol, causing lobular foci
of i which later coalesced , but he used rabbits, anaesthetized with
ether, and injected with a volume of culture very much greater in relation to the
size of the amrmal than that used by Blake and Cecil. Terrell, Robertson and
Coggeshall (1933), using dogs, and Gunn and Nungester (1936), using rats,
described an mitial peripheral focus, from which the lesion spread by extension
through the lung tissue and by the flow of oedema flud along the smatler air
passages In both these investigations, pneumococct were injected into the
periphery of the lung suspended 1n a tenacious medm, starch being used by
the former tavestigators, and mucia by the latter

Under these conditions, the intial lesion could not be expected to be of the
same character as in the experiments of Blake and Cecil, inevitably being situated
in the regron 1n which the pneumococci had been injected 1n such a way that they
were retained there  Using the nomenclature of the pneumonias outlned above,
the 1mtiation of the pneumonic process 1n these :‘penments' may be said to be
by the * aspiration ™ mechamism, the earliest lesion being, in fact, an nfected
atelectasss, although its rapid spread to 1nvolve complete fobes of the lung was
due to the specific actty of the pneumococcus It may be, of course, that
pneumococeal pneumonta 1s mitiated 10 2 similar manner ia some human cases,
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pneumococci being aspirated into a peripheral bronchial branch 1n a plug of
mucus ; but 1n the cases which conform to the classical description of the disease,
in having a sudden onset 1n persons previously in perfect health, 1t seems unltkely
that this mechanism can be at work In any case, the essential property of the
pneumococcus, 1n the mitial stages of pneumouia, 1s 1ts ability to spread rapidly
through the lung causing inflammations of lobar or even mulﬁtll‘obm' extent,

or its products, It has been shown that pneumonia can be produced mn animals
by the end ‘heal 1njection of sut to which the animal has been made
hypersensitive, but the evidence concerming the mmportance of this factor, both
1n the human subject and in the experimental ammal, 15 mconclusive, It has
been suggested that the less definite onset and course of pneumococcal pneumonia
in the infant, as compared with the adult, may be related to the fact that the
wfant has not been exposed previously to pneumococc, and thus has not become
sensitized (Sharp and Blake, 1930, Lindau, 1933, Fred, 1933)

Atelectasis —Coryllos and Birnbaum (1929) advanced the view that the first
stage in the devel t of 1 152 t

this leads to of a man chus with ci mucus, and a lobar
atelectasis results, which rapidly becomes nfected with pneumococer. In dogs
with 1 they observed rad. signs of atel B

but large volumes of culture had been injected into the trachea to produce the
pneumona, and the analogy with typical human pneumococcal pneumonia
was thus probably false Attempts at treatment of human cases by carbon
dioxide 1nhalations and bronct duced no result
1n primary pneumococcal pneunonia  Although there may be slight displacement
of the mediastinum to the affected side and shght elevation of the diaphragm
on this side 1 rad of \J cases, this )5 not a
constant finding, and 15 much less than 1s observed in atelectasis It 1s, of course,
posstble that 1n the course of pneumococcal pneumona small areas of atelectasss
may develop, such areas are found at autopsy 1n many fatal cases, but thesr
occurrence 1s to be regarded as a secondary phenomenon  Atelectasis bears a
much more direct relation to the * aspiratton ** pneumonias
Morbid anatomy
Distnibution of the lestons

Whereas preumococcal pneumonia 1n man typically assumes a lobar distribu-
tion 1n one or more lobes of the lung, a scattered lobular distribution also oceurs,
even m cases which are associated with a pure pneumococcal infection. A
predomnantly fobular distribution of lesions 15 most commonly seen 1n mfants
and 1n the aged ; but in a high proportion, perhaps 20 per cent, of typically
“lobar > cases, lobular foci can be found erther radiologically duning life, or at
necropsy, 1n lobes other than those principally mvolved, There 1s some experi-
mental evidence that varrations 1n the relation between the virulence of the
infecting pneumococcus and the resistance of the mfected animal may determine
whether the lesions assume a lobar or lobulat distubution, Pneumococcr of
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PNEUMOCOCCAL PNEUMONIA

a hittle reddish-brown fluid, contaimng minute granular masses from the alveolt
may be obtaned on scraping 1t with the kmfe The bronchi show, in typical
cases, relatively slight changes, but they may be reddened and contan a Inttle
muco-purulent exudate Microscopically, the alvealar capillames are still
grossly distended , the alveolr are full of exudate, consisting of a coarse network
of fibrin with many red corpuscles, polymorphonuclear leucocytes, pneumococct,
and some large and small mononuclear cells. At this stage, all cells are clearly
defined

Grey hepatization —In the stage of prey hepatization, the lung assumes a
pinkish grey nnd th:n a whitish or yellowlsh grey colour .t becomes s:ol‘t:r

, e R
the most numerous cells 1n the exudnte but some red cells and Iarge mononuclear
cells are sull present Similar exudate may be seen i the terminal bronchroles
The cells of the exudate at this stage are less well defined, apparently degenerating

Resolution —The stage of resolution 1s, for obvious reasons, rarely seen at
necropsy except 1n scattered parts of an extensive lesion  MacCallum (1932)
described the gross appearance 1n 2 cases, in which large parts of the lung were
seen tn a stage of resolutton, as translucent and yellowish, with blood vessels
clearly distingwishable beneath the surface, the cut surface was moist and
exuded a shmy yellowssh flid  In the process of resolution, the alveolar exudate
1s removed and the lung becomes re-aerated and gradually returns to normal
Micr the most feature 15 the increase in the numbers of
large £ cells, or which replace th
cells of various sons previously present 1n the alveolt The exudate 1s cleared
from the alveoli by a complex process, first 1t 15 liquefied by autolyss, the
ferments probably betng denved from degenerating leucocytes, possibly aided
by a local increase 1n acidity in the consolidated parts Then the liquefied
exudate 15 removed, mainly by phagocytosis by the macrophages, very little, if
any, bemng removed by expectoration  [t1s generally agreed that these macrophages
anse from cells normally present in the alveoll, although whether or not they
represent a true alveolar epithelium 1s still a matter of dispute , they are probably
rdentical with * dust cells ” and  heart-failure cells ™ At the time of resolution,
the hilar lymph-nodes become enlarged They are soft and succulent, and
microscopically their sinuses contain many macrophages and lymphocytes and
some polymorphonuclear leucocytes

Studies 1 experrmental pneumontas of ammals by various me(hods have
tndicated that there 1s some of the blood
parts (Khne and Winternitz, 1915 ; Wang and Van Allen, 1900) Gross (1919)
mvestigated the vasculanty of hum:m pneumonic lungs by post-mortem radio-
graphy after injection of radio-opaque flud mto the y vessels  This
showed a great diminutton, both in the calibre of the smaller vessels of the
pneumonic lobes, and 1n the number which were filled by the opaque medrum
Tt 15 probable that the circulation in the pneumonic lobe 1s impaired considerably
more during grey than during red hepatization
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Changes in other organs

In other organs, the changes associated with any febrile infective condition are
found ; among these may be noted soft “ septic enfargement of the spleen,
and cloudy swelling in the liver, kidneys, myocardium, adrenal glands and
pancreas,

I & few cases, the common early pleural reaction progresses to an exudative
sero-fibrinous ot fibairo-purulent pleurisy,  Suppurative lesions t other organs,
such as pencarditis, arthrtis, pentons. mensngitss and endocarditis, may be

found  These, as well as the less modes of ion of the pul y
lesion in abscess f and are di below.
Factors influencing plibility to p 1 i

Geographical distribution~~Pneumococcal pteumonia is of world-wide pre-
valence The death rates from “ pneumonia™ vary greatly, however, with
Jocalty. Certain tropical and sub-tropical areas have very high pneumonia
death tates. Mesico and Central America, certain Indian coties, and Cawo
and Alexandria in Egypt show high rates Lower rates than the average are
found in western Europe, including the Britssh Isles.

Season—~In most areas, there is 2 distinct seasonal variation in incidence, an
increase bemng observed in the colder months In temperate zones, 60~70 per
cent of the cases occur in winter and spring It has been shown that the propor-
tion of persons carrymg p i the harynx i during the
winter Whether these m p i d: and n the numbers
of pneumococeus carriers are directly due to seasonal changes 15 doubtful; they
are probably both related rather more directly to the prevalence of predisposing
d y catarrhal n the winter months.

— e P aet e £a8 AN nemel fe cnmayhat greater at the
. 7 of the pneumonias
nature of bronchitic
wapasene s g s - ants, betng specific
preumomas due to orgamsms other than p Consid pue
coccal pneumonia alone, it appears that there ts 2 slightly p{cpondemnt incidence
1n early and middie adult ife Tt 1s remarkable that the incidence of the different
p ) types 1 p jas vanes at different ages; m c.hﬁdrcn, as s
shown 1 Table IV, type XIV 1s much more frequently found than in adults, and
may in fact be the most frequent type 1n this age-group, whereas 1r adults type
is the most frequent. ) .

Sex.—In all age-groups, p 1} p 15 e in males than
in females In most hosputal statisties, there are 2-3 times as many males as
females ; but some of this excess is due to the fact that a higher proportion of
male patients with preumonta are treated mn hospial

Race~—This factor may have an effect on the wadence of preumococcal
poeumonia.  Both in North Amenca and in South Africa, the incidence and the
mortahty are tugher among Negroes than among white men

Social conditions~—~Such factars as d) 1 and dr‘ et
predispose to pneumonta. The death rates from paeumonia show a distincl
inverse relation to the financial status of various social groups.
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Occupation ~—Persons whose occupation involves physical labour in th
in all weathers, or exposure to frequent violent changes of temperature
dusty atmospheres show a special hability to pneumonia  These ca
nclude gencral cutdoor labourers, warkers exposed to l'um:zce heat, and

ground miners Specml bility to acute m
pneumococeal preumonia, evsts 1 wurkcxs exposed to dusts containing ma
smelting, and dry

industry) or to * basic stag™ (2 by-| ptoduct of the Thomas and Gﬂchnst
of steel manufacture, used as an agrcultural fertilizer)

Personal fuctors —Most mdividuals show a certain amount of natural rm
to pneumococcal mfection, least in infancy and sacreastng to @ maxtmum j
Ife. Various factors may dumnish this natural reswtance  These wncl
exhaustion follamng unusual exertron, (2),exposure to wet and cold, or to ¢

) chrome or a bout of acute alco
and (4) malgutntion, The possible role of trauma 1n the aetiology of p
coccal pneumomia 1s doubtful, the commonest pulmonary comphica
trauma to the chest wall 1s atelectasis of a lobe or lobes, which beats, i
at least, no relation to pneumococcal snfection.

Respiratory catarrhal infections.~1In a very hugh proportion of cases of pi
coccal pneumonsa (probably more than 50 per cent), symptoms of an
respiratory catarrh precede the onset of pneumontc symptoms 1t 1s th
probable that the common cold and other epidemuc respiratory catarchs £
mvasion of the lower respiratory tract by pneumococer In the case
common cold and of the jil-defined group of non-infiuenzal epidemic c;
there is no evidence that the causative agents can themselves descend to t
and take part in the producnon of the )ung lestons, Thus there 15 no re:
suppose that such uppy )
tions 15 other than a pure pn:umococc:n infection In true epidemic in
there 15 good evidence that the virus can and does play a part i the pro
of fung Jesions, hence, although the lung lestons of epidemic influenza ar
snfected with they are best d s part of the rather
geneous group of * pneumomas associated with nfluenza »

Com'e)zzn(e of wifectron —The problem of the lelame nmpormnce of' exg
mfection m p A
abovc, pheumococci are common b of (he upper
over 50 per cent of the subjects investigated usually being found to }
them  Because these pneumococet are mostly of the higher types, the q
anses © * How important 1s fresh mnfection with a new and virulent
deternuning the onset of 7" Several have
that, in persons who have been contacts of pattents with pneumonia, pneun
of the types causmng the pneumomas are found rather more frequently
upper sespralory tract than i persons who have had no such contac
1n the hnited numbers d, no wncreased d of
the contacts could usually be detected Thus, Rosenaw, Felton and /
(1926) found type I preumococcus 11 8 1 per cent of persons who had |
contact with cases of type 1 pneumonta, but in only 2 2 per cent of those w
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had no contact with cases of pneumonta They could find no history of the
source of infection in the carriers of the ** non-contact ™ grodp  Occasional
cases of apparent direct contact infection have been reported as have a few small
local oulbreal(s of pneumonia due to a sigle type of preumococeus ; more

d with a smgfe pneumococeal type

extensive s of f
may occur mn enclosed communities at the ttme of respiratory catarrhal epidemcs,
especmll;v fluenza, but these present a different eprdemnological problem. The

incidence of p ja in the y m general during the colder
season, or at the time of resy ry catarrhal epid is iated with a
variely of types of pneumococcts It may be that, in pneumonias associated
with the higher types, infection 1s most frequently endogenous in origin; in
those associated with types [ and I, and possibly also V, VII and VIII, the disease
may more often directly follow the acquisition of new type of preumococcus
in the naso-pharyngeal flora,

Symptoms of pneumococcal pneumonia

The following description of the symptams 15 based mainly o the picture pre-
sented by patients not treated by specific measures, the course of the disease
1s profoundly altered by sulph de or antibiohe 3

Onset —As noted above, 1n over 50 per cent of cases there is a history of 2
p ppet- Y catarrhal infe . but, apart from this, the onset
of the pneumoma itsell is sudden and dramatic mn most cases, The cardmat
symptoms at the onset are ngor, pleuntic patn, fever, cough and “ rusty * sputum
Ire aver 50 per cent, a rigor or less cleatly defined chilly seasation, with 3 feeling
of weakness and malaise, leads to an abrupt nise of temperature, reaching
102-104° F within a few hours; pam, dyspnoea, cough and sputum generally
appear within the first day  Sometimes, the first defimte symptom is pleunitic
pain  Headache and anorevia are common early symptoms; in a few cases
vomuting may occur at the onset About 75 per cent of patients can refer the
onset of their sertous symptoms erther to a ngor or 1o a pleurttic pawn ; n the
rest, a gradually wncreasing malase, often ; upp P y
catarrhal infection, leads to the gradual development of more definite symptoms.

Fever —In previously healthy vigorous individuals, the temperature mses
either suddenly with a rigor, or more graduaily with the less defimte modes of
onset, to reach a level of from 102° F to 106° F by the second day. Tt 1s“t'hen
masntamed at a fairly constans high level,
In untreated cases with recovery, deferve o '
fifth and the mnth day, but may occasion.., . . . .
or even later.  In shightly over 50 per cent of cases, defervescence occurs by crisis
that s, by a sudden fall of temperature, and of pulse and respiration rates,fwnh
raped ¢limcal improvement, occursing within 24 hours Towards the end o zhg
period of maintamned pyrexta (or fastigitim) the temperature may show an mcrease
dmirnal vanatton, and 1 cases with defervescence by ¢risis ('he chart may Sho"‘;‘fl
temporary fall to normal, without correspond chimeal jmpros 4 D‘;" the
day precedmg the true crists * this event Is called a * pseudo-crisis ™. De :r’\;;s-
cence by smaller steps, extending over 36 hours of wore, Fcrxfl:d lysis. K e
pulse rate in favourable cases is raised i proportion to the rise in femperature.
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la aged or debilitated persons. the fehmte ~- v
be lower b < B

Leopueuult 1ate 18 always rused, though to a varable level

Kates of from 26 up to 40 or 50 per munute 1 adults, and even more 10 1efants
and young children, are commonly observed  The degree of respiratery distress
vanes greatly, It 15, for obvious reasons, greater when pleuntic pan 1s sevese
Some degree of cyanosss 1s usually present , it 15 greater tn asthemc patients or
n those wnh an accompanymg bronchstis, but 35, in general, not so severe 1n
P as 1t 15 10 diffuse bronchitic aspiration

preumonas

Pain.—Pan 10 the chest 1s a frequent early symptom, and occurs at some time
during the course of most cases  Most charactensucally, it is of pleuntic type,
sharp and stabbimg, aggravated by breathing or cough, and 1s then refersed to
the chest-wall over the affected area  Occasionally, diaphragmatic pleunsy causes
pam referred to the shoulder-region and abdomen, and mav rovee 2 N
difficulty  Sometimes, pamn s of a lees A7 1
as a deep aching soreness  Pam, of v
n seventy 1 most cases as the dise

Conb - ¢
but
bloo -
caset ’
In elderly asthe: - ol
bas been desen . ~¢ ptouuced  The dady amount
of sputum vanes _ ...y 1n1nfants and young children, and even 1n some adulls,
lhe sputum 1s swallowed, so that none 15 produced throughout the course. In

h subjects, the ch sputem may be masked by admixture
with frothy muco-purulent bronchial secretion  In about 25 per cent of cases
the sputum shows no charactenistic appearance at any time  Microscopieally,
the typical rusty sputum contans pas cells, red blood cells and Gram-positive
aplo:occx, m the fess typical sorts of spulum, a great varety of bactena may
seen

Nervous symproms —~Headache, restlessness, msomnia and some mental con-
fusion are almost constant symptoms  In about 25 per cent of cases disonenta-
fion and debrom ocour  In aleoholic subjects, dehrtum iremens may appear
at the onset of pneumoma

Gastro-mtestnal symptoms “~Appetite 15 jost, the tongue s furred, and the
bowels are costive , there may be nausea and, more rarely, vomiting Mcteomm
or hiccough are occasionally troublesome  In 5-10 per cent of ereme -+
detectable jaundice dewlops. probably Ava <~
from ancraaserd Wi~

Terpunation swens tne at which death
oceurs 1s fron suv ciginn day of the itiness, 1t may occur as early
as the second day, or be delayed until the thrd or fourth week. Death nsually
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approaches insidiously. The pulse b pr ively more rapid and feeble,
and may be irregular ; the blood pressure falls, respiration becomes shallow and
rapid, cough 13 1neffective and finally ceases, sputum collects in the air-way, and
progl ly guves place to greyish pallor,

In favourable cases, malaise, restlessness and insomnia are diminished, and
pulse and respiration rates fall in step with the fall 1n temperature—rapidly in
cases with defervescence by crisis, more gradually with Iysis. Sweating often
occurs with defervescence, especially by crists  Crisis is commoner 1 vigorous
adults than 1 the aged, 1n cluldren or 1n the debilitated , 1t is more common in
infections with types 1 and II pneumecoccus than with other types. After
defer: p 15 rapid  The
often falls to a little below normal for a day or two, and there may be shght
bradycardia

Other modes of ter delayed ! , organization and abscess-
for. d d under “ Compl o

-Physical signs
General aspect
Quute early 1n the disease, the patient appears acutely 1ll, flushed and mote or
less cyanosed  The skin 1s hot and dry ; there are tachypnoea and some respira-
tory distress but generally no orthopnoea , the alae nasi dilate on inspiration,
especially in children  There may be a short pause at the end of inspiration,
ending 1n a soft grunt at the begining of exprration, whereas m health a pause
occurs at the end of exprration  Herpes appears around the kps and nose about
the second or third day 1n 33 per cent or more of cases  There may be obvious
anxiety, restlessness or mental confuston.
The chest

ce 4 e amans AF tha Tabac nf tha

1ndicate lower-lobe lesions, signs anteriorly 4nd ai LUE apuas vy sl
upper-lobe lesions, signs just above the area of hepatic dullness, anteriorly
on the right side, indicate middle-lobe lestons.

ont af racnira.

N . c
1
ans wupu e €

1 or increased. Ve

. . 1gn

Signs o hd. —The 1S4C SIgRS Ol ¢ id: generally
do n‘it ap{ear until the second or third day  On inspection, the affected side of
the chest moves less, the degtee of this diminution depending upon the seventy
of the pleural pain  On palpation, there 15 1ncreased vocal fremitus over the

consolidated area in most cases , very occasionally a pleural fnc(i‘on-:uh may be
palpable. In ! d cases, no disp! of the heart's apex beat is
detected. Onp there 1s distinct of note over the consolidated
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lobe or lobes, This impairment rarely reaches complete dullness, the presence
of which should cause suspicion of the presence of pleural fluid, although, over
some of the pneumontas assoctated with 1nfluenza, dullness may be almost stony.
In pneumonta of lobar distabution, the area of dullness corresponds roughly
with the surface-marking of the affected lobe, On auscultation, the character-
istic change 15 the presence of high-pitched bronchial breath sounds, usually
described as tubular  These sounds may be stnking 1n their intensity , but 1
some cases less defimte changes 1n the breath-sounds may be noted Occasionally,
breath-sounds may be weakly bronchial 1 character or even be absent over the
affected lobe ; this may be due either to a thickened pleura caused by thick
fibrin deposits 1n dry pleunsy, to the presence of pleural flurd, to a rather morst
oedematous consoltdation, or to the presence of much secretion 1n the bronchi
In the last-mentioned event, an effective cough may lead to the return of frank
bronchial breath sounds. Accompanying the bronchral breath sounds, there

ncreased, and whlspenng pcctonloquy 15 often heard In the cases m which
the breath sounds are weakly voice d may be
aegophonic

Resolution —After defervescence, the first change m the physical signs 1s
the reappearance of fine rales, which are termed redux crepitations The duil-
ness and bronchial breath sounds usually persist unchanged for several days,
they then gradually dimumish 1n extent and 1n intensity The duration of per-
sistence of abnormal signs 1s very vanable, corresponding to the very varable
rate of resolution  In most cases, the more obvious signs disappear by the end
of the second week after defervescence, the most persistent signs are usually
a shght impairment of percussion note and crepitant rales on deep inspiration
or after cough

Cardiovascular system

In most cases distinctive cardiovascular signs are not found The pulse rate
15 with the Ne of the
heart’s apex beat or change 1n the area of cardiac dullness can gencrally be made
out Radiography shows shight enlargement of the cardiac shadow 1n a small
Pproportion of cases

The heart —The position of the apex beat, however, 1s important both 1n differ-
ential diagnosss and 1n the diagnosis of complications that may arse, such as

delayed 1 or There may be a systolc murmur

which disappears after 1ecovery, as 1n other febnle diseases

The blood-pressure shows no very stuking change 1n favourable cases; 1t
tends to rise slightly 1n the acute stages, and the pulse pressure may be rather high.

Aboormaltties of cardiac rhythm are observed at some stage 1n 10-20 per cent
ofcases  Inmost of these, the abnormality consists only 1n auricular or ventncular
extrasystoles, probably of lttle sigmficance  In § per cent of less, the abnormal
rthythm takes the form of auncular fibritlation or flutter, which may be persistent
or paroxysmal These are of more serious significance ; their ncidence 1s
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1 the acute stages Both return to normal after defervescence , the platelet
count may ris¢ above normal for a few days before finally setthng to 1ts normal
figure

Blood culture —In from 20 to 40 per cent of all cases pneumococer can be
cultured from the blaod The incidence vares with the age of the patient and
with the type of mfecting pneumococcus  Bacteraemia occurs in children and

dol hat less fi ty, and 1 the aged more frequently, than
it does m adults  Positive blood cultures are obtained more frequently after the
fourth day; the number of cases 1n which bacteraemia 1s detected 1s (as would
be expected) greater when repeated cultures are made  The 1nfluence of bacter-
aemua on mortality and on the de of 1 15 d d below

Blood chenustry
Oxygen saturation —The artenal blood shows incomplete oxygen saturation
Ly O (o A S

ponds roughly with the degree of cyanosis present There are several possible
factors m 1ts causation : (1) interfesence with oxygen exchange n the alveols
by exudate, (2) shallow rapid breathing. (3) passage of blood through vessels 1n
consolidated and therefore unaerated parts of the lung, and (4) acceleration of
blood flow through normal parts of the lang ~ These fuctors are probably operative
n varying degrees in different stages of the disease In the early spreading
Stage, interference by exudate in the alveolt with oxygenation of blood passing
through the affected part may be mmportant, this poorly oxygenated blood miung
with that comng from more normal parts  Later, as 1s mentioned above, the
blood circulation 1 the affected parts becomes much restricted, and a smaller
Proportion of the total circulatton passes through unaerated parts, the factor
of admuxture of imperfectly oxygenated blood becomes less mmportant  The
fapid shallow breathing, which 1s present throughout the course of the disease,
may be produced by a more ar less voluntary mhibitzon of respiration on account
of pleuntic pain , 1t may be caused by the increased ngidity of the consohdated
Iung, leadmg to the of by the Hening-B
teflex , or 1t may possibly be due to a toxic effect on the medullary centres  This
tapid shallow breathing 1s mefficient, both because the ratio of tidal air to dead-
space arr 1s much reduced, and because 1t leads to unequal aeration of alveols,
with consequent mefficient oxygenation of the blood passing through the less
well aerated alveoli Climically, it may be noted that cyanosts 1s most severe
with a rapidly spreading leston, or with evidence of excessive bronchial secretton
in the more normal parts of the lung, 1t 15, on the whole, of less severe grade
than may be seen 1n the more serious cases of diffuse aspiwation pneumonia
(secondary broncho-pneumonia)

Carbon dioxtde —The carbon dioxide content of the biood 1s slightly reduced,
probably on account of the rapid shallow breathing which s more effective 1
dispasing of carbon dioxide than 1t 1s tm acquiring oxygen

Salts —The chloride content of the blood dumimishes It may fall from its
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Fro, 26 —Radiograph of
lobar consohdation of
left lower lobe

Fic 27 —Same case as m Fig
26, lateral view,
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notmal figure of 350-380 mulligrams per 100 mulliitres of plasma to a figure
as low as 280-300 muligrams, or, expressed as sodium chlonde from about 600
milligrams per 100 mullilitres to about 480 mulhigrams The blood sodum also
diminishes, as does the total base, while the potassium 1s somewhat ncreased.
Since, as noted above, the chloride excretion 1n the urine diminishes in the acute
stage, and the loss of chloride 1n the sweat and sputum 15 quite 1nsufficient to
account for its diminution in the blood, 1t appears that the chloride 10n 1s retained
1n the tissues  After defervescence, normal blood chemistry 1s rapidly restored
The sigmficance of these changes 1s not clear Attempts have been made to
restore more normal conditions by administration of salt, but this measure fails
to raise the plasma chlonde  Oedema develops 1f excess of salt 1s given, as would
be expected, since the evidence suggests that the extra salt 1s being stored in the
tissues

Radlographic appearances

~  Early changes —Changes are generally evident in the radiograph within 24
hours from the clinical onset, and are probably never delayed beyond 48 hours
‘The earhest change 1 most cases s an opacity which, m the antero-postenot
view, extends out from the hilar region into the affected lobe. The margin of
this early shadow shades off gradually into the as yet unaffected part of the lobe,
1nto which 1t spreads 1n the course of a day or so In a nunomnty of cases, the
opacity 1s at first peripheral 1n the antero-pesterior film, and then spreads inwards
towards the hilum , this 1s observed more frequently 1n children and in pneumomas
ALl ol U S . B

ol‘lhelowerlobc‘
d —Fully loped lobar appears as an opacity

FUORENRRR Y

raised on the affected swde, and slight displacement of the heart towards the
affected side may be detected radlograp}uca]ly, although 1t 15 not detectable

clinically P 15 from by the
absence of contraction of the affected Iobe, and by the consequent absence of
such gross d of or chest wall as 1s seen 1
the latter As with 1 the lateral view may be

necessary to determine the exact relation of the shadows observed to lobes,
especially with lesions appearing in the muddle zone of the right lung 1n the antero-
postenior view  Radiography frequently reveals small areas of consolidation
1 other lobes than those principally affected

Resolution —In normal resolution, the opacity generally disappears 1n uneven
fashion, leaving irregular clear areas which suggest cavity fi
The part of the opacities near the hilum 1s usually the last to disappear, With
the onset of resolution, swelling of the broncho-pulmonary lymph-nodes on both
sides may be observable The time required for the completion of resolutton varies
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greatly, from about a week up 10 6 or 7 weeks ; resolfuty

as ;orlg as 12 ,wceks, yet eventually be complete on may xasely be delayed
1 studies of fa bave been made by Davie:

Hodgson and Whitby (1935) and by Graeser, Wu and Robertson (IQSZ), >

Variations in the clivieal picture

Atypical or lobular ! ~P 1 may
appear 1n scattered lobular distribution, espectally if 1t 13 due to irnfection by one
of the mgher types, also in nfants and young cluldren It 1s mpossible, and
indeed potntless, to attempt to draw a hard-and-fast line between fobar and
lobular, or typical and atypical cases  As 15 noted above, typical lobar preumo-
coceal qi y show radiol 1 evid of lobular mnvolvement
1n lohes other than those principaly affected 1o cases showing predominantly

UL L)y e e aeem
iy 1

‘ y d th cunve 15 less regufar in form, and defer-
vescence 1s more often by lysis  Physical signs of gross ateas of consohdation
are not found , the only abnormal findings may be ill-defined areas of impaired
percussion, with fine to medum rales and inconstant solated areas of bronchial
breath sounds Radiography shows patchy areas of increased density, most
usually 11 one or both losver Jobes  Since these atypical cases often occur in the
course of some other disease, etther of the respiratory tract and elsewhere, the
distinction between them and the less specific diffuse aspreatton pneumonias
may be difficult

Abornve preumonta —In all Jarge senes of cases of pnenmococeal pneumonia,
a few (about 1 per cent of the total) are observed, 1n which, after a charactensstic
onset, the patients recover within 2 or 3 days without speaific treatment

Pneumococcal preumonta in infancy and chidiood —The difference between
the mncid of p occal types 11 the p of children and of aduits
is noted above  The great frequency of type XIV infections 1n chuldren 15 espectaily

hy, althougt 1 of 1t has been found, In the new-born

’ P
infant, pneumonta of lobar distribution 1s occasionatly seen, but it is most often
phyl i or Bacteriumeoli The

due, not to p but to X P
vety tare cases of prewmococcal pneumonia ag this early age are observed most
fi 1y m Wil | i the mother. Later

s the rost Common cause of preumonia, and
usually causes a p of lobular distributh The climceal picture may
differ from that seen 1n adults in several respects ~ An mitwol ngor is rare.  Con-
vulsions may oceur at the onset Vomting and diarthoea may be important
symptoms The charactenstic sputum 15 not observed, far chudren rarely
expectorate, but swallow their sputum The appesrance of physical signs 18
generally delayed, and early radography s therefore of value in diugnosis
Clinically, the duzgnos:s 15 suggested by an acute onset, fever, characteristie rapid
respiration with an expiratory grunt and action of the alae nasi, congh, and
3

'y
1 anfancy, the ppewmaococeus
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Complications

The p of p cal fall nto three main groups.
The first 18 of local i such as empyema, delayed 1
abscess-formation and organization ; the second consists in suppurative condi~
tions 1n parts of the body other than the Jungs, mostly in serous membranes,

such as pericarditis, end ditis, perstonitis, and arthritis ; the third
sacludes toxic affections of other organs, such as nephritis and jaundice The
d of most of the pl , and especially of inflammations of serous

membranes, including empyema, 15 very much higher 1n cases in which bacteraemia
is detected Thus, Tilghman and Finland (1937) found that, of 582 bacteraemic
cases, 159 (27 per cent) showed complications, wheteas 1n 1,004 non-bacteraemic
cases, complications oceurred 1 onty 119 (12 per cent).

Local complications

Incidence of empyema ~—Pleunsy 1s a nearly constant fin “ng 1 pneumococeat
pneumoma  In most instances, 1t remarns of a dry fibrinoss type.  Undoubtedly,
some serous exudation occurs 1n a high proportion of cases, but 1t gives nise to
no detectable change in the physical or radiograpc signs ~ The cytology of these
flmds has been investigated by Scott and Finland {1934) They found that, in
thin floids which d sterle the pred cells at first were active
polymorphonuclear lencocytes, the number of these dimmshed until, at the
end of about a week, monocytes and macrophages and, later stifl, lymphocytes
appeared In a few cases of ly clear an eosinophilia was
noted 1n the flurd during the third week or later  If the flud became purulent
and infected, the polymorphonuclear leucocytes became 1nactive and degenerated.
Clear ¢flustons, Iarge enough to attract attention c¢limceally, have become more
frequent since the use of sulphonarmdes and pemcillin bicame ngnera] In

ran

and persistently contains a preponderance of lymphocytes, FEvIsion Ol L Vliguas
d 1 p ia should be idered  The d

of p . PR3 ' "
of purulent effusions (or of B e A
clincal sertes of cases befe -
and 1s probably less now. . .

Symptoms of empyemd— ... , , . A
continuous with those of the pneumona, fever persisting in spite of adequate
specific and often a type ; ahternatively the tempera-

r1se again with the development of the

ture may settle, and then after a few days 3
A With ths p or recurrent fever, there is sweating, loss of
weight, and persistent leucocytosts 5 5 .
Diagnosis of ¥ —The { 'from defayed salut
may be difficult Physical examination will show persistent dullness at the asg
f the affected lung : it may be observed to be more mtens::‘fha{:_xaifuﬁ'e':v.c“
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position from the beginning, and mn these cases the area of dullness cannot assume
the usual shape E '

1f the lung under t

may be heard clea '
breath sounds become weak or absent over the empyema  The voice conduction
may remain increased, 1t may become zegophomc, or it may be dimimished.
Hence auscultatory signs may be of little value 1 differenttal diagnosis, Radio-
graphy may help, but with a consclidated lung under a small or moderate-sized
empyema the changes may not he concluswe Lateral or obhque vxews are often.
desirable  Weam~n * K e » il
be performet .
signs are m .
single criterion The most frequent error 1n needlmg for cmpyema 1sto msen lhe
needle too low ; the fifth or sixth mtercostal spaces 1n the mid-aullary Iine, or
the seventh or exghth 11 the scapular line are the most favourable for an unlocated
empyema A needle of adequate bore must be used, for the pus in 2 pneumo-
eoccal empyema 15 frequently thick and full of masses of fibrn  Rarely, an
empyema develops on the opposite side to that prncipally mvolved 1n the
preumonic process

Lung abscess —The full chincal p\cture usually assoctated with lung abscess

1s seen so rarely after that the might
be made, that septic Jung abscess 1s not a 1 of pure
owever, areas of ion may be seen on the

cut surface of the lung m about 5 per cent of fatal cases ; the appearance of
clear areas in the shadow of the resolving lobe, suggesting cavitation, 1s mentioned
above The interpretation of these is often doubtful, but it some cases an
undoubted fluid level may be seen, and there seems to be nc reason to doubt

that cavitations occurring during 1 of are
usually due to pure pneumococcal suppuration They produce no clxmcal
symptoms or signs, and may be regarded as necropsy or radi

findings  Whea discovered by radiography during hfe, such lesions are atmost
1variably found to heal rapidly as resolution proceeds, without necessttating
specal treatment, leaving remarkably httle restdual change The only clnrcal
amportance of this condition 15 that undue alarm may be felt 1f a cavity 1s observed
radiographically during the course of resolution The occurrence of clucally
obvious suppuration 1n pneumonias due to other organisms, such as Friedlander’s
bacillus and Staphylococcus aureus, and the relation of pulmonary abscesses to
the aspiration pneumonias are dsscussed below.
Delayed resolution —Tt is noted above, 1n d d h

that, whereas resolution 1s usually complete withm 2 or 3 weeks, it may occasionally
be delayed as Jong as 12 weeks, and yet the lung may return to normal as far as
can be determined by clinical and rad; e In delayed i
the residual h as cough and slight pyrexia and
continued weakness—are generally much less remarkable than the residual
physical signs and radiographic changes Factors which have been shown to
be frequently associated with delayed resolution include previously existing
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Organization __if the exudate ¥ s not mmovcd pormally from the atveoli aftef
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{he alved s I thus process S nstve, i ads to the conv i
affected P of the lung to a dense arrless vase ja scar 1ssues 1
condition the lung 18 ermed ¢ rrufica T fulty-develoP form,

en

carnificatront following pn:umococca\ pneumonia 15 so rare 85 10 onstitute
palho\oglca\ cunosity but 1N fata) cases small areas m which the exudate 8
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significant amount of e 1 fibrosts after P! AMOCO occal pneumonid 35 very
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Penmrdms —-—Pencardms |s found 10 abou \0 per cent of fatal cases, & farger
ected from

roporty would b uSPEs chneat findings 1t occurs most
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produc y clearly distin ‘hable sympio It H) 1ated with
empy! The pr! 1 path gnomomc signs are @ peric dal ction 189
usuatly first heard OV® the e heart, 07 th ericardm\ effusions
enlarg® of the ared of cardiac dul\ncss wath increasing engorgemem of the
neck veins
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are usualty 11 al fnable, the ng of the heart often at ed than
1n acul endos duis caused other OTE: , an there MaY be 1 vegetd:
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with certainty by examination of the cerebrospinal flnd. This shows an excess
of polymorphonuctear leucocytes, which may be suflicient to make the fluid
macroscopreally purulent, and pneumococe can be found both by direct examina-
tion and by culture

Arthriis —Purolent arthritis has been reported to oceur 1n between 1 1n 200 and
1 1n 500 of all cases without speaific treatment, but 1t 15 now very rare It usually
affects a single largc Joint, though several m:\y be affected simultaneously or

can be confitmed by of fimd

from the aﬂ‘ec\ed jount.  Although occasionally a case 1s seen 1n which the ﬁund,
though purulent, contamns no viable pneumococes, and the condition resolves
after aspiration, wn most cases pus forms

Perrtontns —Pneumococcal peritonstis 1s observed 10 about [ 1n 40 of fataf cases,
and 1n large unselected senes of cases 1t has been reported 1 about 1 1n 500
The severe abdomunal pain and discomfort which may be caused by simple
meteorism may closely mumic the symptoms of pertomstis, Paracentesss may
be necessary to establish the d Primary p p may
oceur, especially m female children, without pneumonia

Ontrs media —Infection of the middle ear, due to the infecting type of pneumo-~
cocens, 1s more {requent as a 1 of n
children than 1n adults  With appropriate trca(mcm 1t does not seem fo -
fluence the prognosis  Very occasionally, the otitis media may progress to acute
mastotditis

Compunctiviis —This 15 an occasional complication, which has fittle effect
on the prognosts It usually responds rapidly to jocal treatment

Acute parotihis — Although a recurrent form of parotiis due to pneumococm
1s recognized, 1t rarely occurs in with In cal
pneumama, as wn other febnle ilinesses, acute parotiis 1s a possible complication,
but 1t 1s usually caused by other orgarmisms, especially Staph)ylococcus aureus,
and the most smportant predisposing factor 1s faulty oral hygiene

Tovie affections of other organs

Jaundice ~Jaundice, usually mild, can be detected 1n 5-10 per cent of cases
Tt 15 probably due partly to toxic depression of liver function, which 1s associated
with the cloudy swelling of the liver cells, observed microscopically 1n fatal cases,
and partly to increased destruction of blaod  In a small number of cases, a more
profound jaundice appears  Thisis usually an accompaniment of a severe infection,
and to this extent 15 an unfavourable prognostic sign , but if the pneumococcal
infection 1s overcome, the hepatic damage 15 not permanent and recovery 1s
complete

Acute nephrins —Whilst evidence of toxic effects on the kidneys 1s provided
by the frequent finding of albuminunia, and by the presence of cloudy sweling
m the hidneys in about 50 per cent of fatal cases, a definite acute nephntis 15 a
rarity 1t may escape chmeal diagnoss, for it tends to appear n severely 1l
patients  Rarely, however, the onset of acute ncph\'ms 15 r:COgmzcd cuhcr
dunng the febrile punod or shortly after defetvescen:
haematunia, cyl and oliguna, 3 b oedema and evidence
of nitrogen retention, and possibly by headache and vomting, are the chief
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PNEUMOCOCCAL PNEUMONIA

may be helpful in differentiation  The physical and radiographic signs of the
two conditions may be 1dentical

Tuberculous pleurisy —In those cases of tuberculous pleurisy with effusion m
which the onset is sudden, the climcal preture may closely resemble that of an
acute pneumonia A definste rigor at the onset and the appearance of rusty or
shghtly blood-stained sputum favour the diagnosis of pneumoma Later, the
physical signs and course rarely leave doubt of the diagnosis At the onset,
the shape of the area of dullness, reaching its lughest point in the axilla with an
effusion, 1s a helpful point  In doubtful cases, a dmgnosnc paracentesis should
be performed  The pomls of distinction between a primary pleural effusion and
an effusion are above

mind  The cardinal sign 1s the displacement of the heart, which is easily detectable
chinically 11 atelectasis

Atelectasis caused by pericardifis —Acute penicarditss, erther theumatic or tuber-
culous, may give rise to abnormal signs 1n the left lower lobe, closcly resembling
those of of part
of this lobe  The d of ma be d (1) by a history
of preceding or concurrent rheumatic mamfeslauons, cardiac or otherwise ,
(2) by central thoracte pain, (3) by tachycardia, dyspnoea and cyanosis, and
venous engorgement, out of proportion to the lung signs, (4) by the presence
either of pericardial friction, or of enlargement of the area of cardiac dullness with
distant heart sounds

Differentiation from other forms of pneumoma

Other bacterial pnenmonias —The diagnosts from many of the other acute specific
bacterial preumomas can be made with certminty only by bacteriologzcal studies
Chinical points of are mn the other bactenal

Acute may mimc

1 ats onset, and 1t 1s only after failure to respond to sulphonamides and pemeillin
that suspicion may be aroused , the appearance of tubercle bacilli in the sputum
may b be delayed for some wecks

—The with influenza cannot be
dragnosed with confidence climically unless there 15 ewvidence of the primary
disease , but they present certamn clinical differences from simple pneumococcal
pneumomia, which are discussed below

Virus —The d of v depends

upon laboratory studies ; clinically, the onsct tends to be wxlh constitutional
and febrile rather than respiratory symptoms, in contrast with pneumococcal
pneumoma, 1n which cough and pleursy are early symptoms

P n the diffuse vaneties of aspiration
pncumcma anse msndmusly‘ :uher 2s a gradual intensification af those of a
bronchl(ls. or 1n a patient 1l l‘rom some ulher disease , whereas in the localized
type: acute m rclalnely Vigorous persons,
symploms may be very mild The physlcnl signs are very rarely those of lobar
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THE PNEUMONIAS

consolidation. The course 15 very variable. The principle criterion, howevcr, is
the bacteriology of the sputum, which in these cases shows a mixed “ normal
flora, 1n which pneumococct usually are not present at all or there may be at most
a small rumber of pneumococc: of one of the higher types

Prognosis
Without specific treatment
Place and tme —The gross tality of 1 varies
greatly not only with locality but also from year to year in the same locality,
In general the mortality before the duction of specxﬁc of
was higher i the United States than in Burope ; this is shown 1r Table VII.
TABLE VII
MORTALITY OF PNEUMOCOCCAL PNEUMONIA WITHOUT SPECIFIC TREATMENT
Gross
Place Authors No-of | mortahty
per cent
Ryle and Waterfield (1922-1930)
London { s, Hodgson and Whilby (1922-1931) 154 160
Glasgow Crulcksh.mk (1930-1932) 859 190
New York Ceal, Bajdwin and Larsen {1920-1925) 1,107 308
Boston Tilghman and Finland (1929-1935) 1,306 514

Type of prneumococcus —The mortality vanes with pneumococcal types, types
1l and 111 being 1n general the most fatal, the high mortality in type 111 pneumo-
coccal pheumonta 1s probably largely due to the high tncidence of this type in
the older age-groups

Bactergemwa —The presence of a detectable bacteraemia indicates 2 more grave
prognosis  Cecil, Baldwin and Larsen (1927) in New York found that of patients
having stenile blood cultures 18 7 per cent died, whereas of those having positive
blood cultures 83 1 per cent died

Leucocyte count —The count 1s of igni A total
count below 15,000 per cubic mll with blished 11d; 15 un-
favourable. In general the ngher the leucocytosis the better the prognosis, though
very high counts above 50,000 per cubic millimetre may be associated with a
higher mortality

Age —The mortality varies greatly with age  In anfants below 2 years, it 1s
comparable with that in adults , between the ages of 2 and 12 it 1s much lower, and
may be no more than one-tenth of that in adults

With specific treatment

Specific therapy reduces the mortality The first specific method available
was serim therapy, which, if given on the first or second day, produced some
diminution 1 mortality Chemotherapy by sulphonamides is much simpler
to admimster and more effective, rematning effective late 1n the course of the
disease ; therefore 1t very rapidly displaced serum therapy  Pemeidlin is also
effective ; no convincing differences have been demonstrated between sertes of
cases treated with h ides and with 1] The newer antibis
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ACUTE SPECIFIC BACTERIAL PNEUMONIAS OTHER THAN PNEUMOCOCCAL

Specific pneumonias associated with mixed bacterial infections

The usual method of determining the aetiology of a bactenial pneumonia
clinically 1s by the detection of organisms of known 1nvasive power m the sputum
Organisms such as of the I and Str. vridans groups,
Gram-positive micrococcl, Neisseria pharyngis and N catarrhahis are generally
regarded as non-pathogenic, and are disregarded  Even so, cases of pneumonia
are not infrequent 1 which two potentially invasive types of bacterra are found
in the sputum  In these, the only ways of determining with certainty which of
them 1s causing the pneumoma, or whether both are concerned, are (1) by
mvestigating the bacterial flora of the pulmonary lesion itself, enher by lung
puncture or at necropsy, and (2) by to spect
reacttons 1n the blood , (3) occasionally, also, a double infection o[ the blood
stream 15 detectable

ACUTE SPECIFIC BACTERIAL PNEUMONIAS OTHER THAN

PNEUMOCOCCAL -
Preumomas due to pure mfecnons with bactena othcr than pneumococct are
less frequent than p us  haemolyticus,

Staphy lococeus qureus, and Haemoplilus influenzae are found 1n association
with pneumontas duning iofluenza epidemics more frequently than at other
times  Dunngthe 1918-19 mfluenza pandemic, many local epidemics of secondary
infections with organtsms of these groups were seen It thus anises that outbreaks
of pneumonta occurning at this time, 1 which 1t 1s highly probable that the virus
played an important part, have been recorded in the hterature as due to the
bactenal orgamsm which was locally prevalent  Although 1t 1s difficult to
differentiate clearly 1n such cases of mixed aetiology between the effects of the
virus and of the bacterium, certain features of these cases recogmzably depended
upon the nature of the bactenal infection, and are simular to those seen 1n cases
associated with the bactena of the same group, occurnng sporadically and pre-
sumably without concortant virus infection In this section an attempt 1s
made to describe the principal features of pure mfections of the lung with various
bactenia, the pneumonias associated with virus as well as bactenal nfection
are discussed separately  In addition to the pneumonas due to those organmsms
which also occur as frequent associates of viruses, the charactertstic pneumonias
assoctated with Friedlander’s bacillus and with the tubercle bacillus are described,

and finzlly thc y caused by certain organisms
more d with acute are

Incidence ﬁThe meidence of sparadxc cases of preumoma due to haemolytic

s to stap and to Fi der’s bacillus, relative to that of
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consohdation  The course 1s very vanable The prnciple criterion, however, is
the bacteniolugy of the sputum, wiich 1 these cases shows a mixed * normal
flora, in which pnesmococct usually are not present at all or there may be at most
a smal sumber of pnesmococa: of one of the higher types

Prognosis
Wuhowt specific treatmeny
Place and time —The gross hty of 1 vaties
greatly not only with locahty but alse from year to year mn zhc same Jocality.
In geveral the lity before the duction of speafic of
was higher 1n the Umnited States than i Burope, ibss 1s shown i Table VII
TABLE VI
MURTAIITY OF PNEUMOCOCCAL PNEUMONIA WITHDUY SPECINC TREAYMENT
Na. of Gross
Place Authors mortality
cases per cent
Ryle and Waterfield (1922-1930)
Loodon Do, Hodgeon and Whiby 1i922-1031) Is¢ isa
Glasgow Crumckshank (19: 159 199
New Yark Cecal, Baldwin and Larsen {1920-1925) 1,17 308
Boston Tilghman and Frnfand {1929~ 1935 1,306 514

Type of preumococcus.~The mortality vanes with preumocaceal types, types
Xl and (I bewg 1 general the most fatal | the hugh mortality i type Il preumo-
-t mweumnnia is probably largely due to the high waidence of this type

, .
’ T *e~ - maore grave

‘o Y { pattents
o . ' g posiive

blood cultures 83 & pLe eo,
Leucocyte count —The )eucvcyz: COUNL 15 OF Pligunes o A total
connt below 15,000 per culse mull with d )} is un~
favourable In general the higher the the better the p though

very lngh counts above 50,000 per cubic miffimetre may be associated with a

¥ .

** ~ea I mfants below 2 years, it 1s
. S iee and

Hath specific treatment
Specific thesapy reduces the mortalty  The fiest speae netuon . ble
was serum therapy, which, [r given on the first or second day, produced some
n i h y by des 15 much sumpler

to admunsster and more <ﬂ'ectwe. temamming efective late tn the course of the
disease ; therefare " vcry mpld!y disptaced scmm therapy  Pemcethm 15 also
effective,, no have been d 3 betneen seres of
cases treated with sulph des and with p )it The newer antsbiotics,
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ACUTE SPECIFIC BACTERIAL PNEUMONIAS OTHER THAN ENEUMOCOCCAL

chioramphenicol and auteomycin, are no mare effective than penicillin, and give
rise to more undestrable side-effects (Medical Research Council, 1951} ; they are
more difficult to administer to severely 31 patients. The mostality after adequate
specific treatment, n\though much reduced, remains vanable, such factors as age,
or the presence of or other disease,
having an even greater refative effect than bc\'or: such treatment was available

Speaific pneumonias associated with mixed bacterial infections

The usual method of determiming the aetiology of a bactemal pneumonia
chimeally 1s by the detection of organisms of known 1invasve power 1n the sputum
Organisms such as streptococct of the non-haemolytic and Str. viridans groups,
Gram-posttive tucrococc, Newsseria pharyngis and N catarrhahs are generally
regarded as path and ate Even 50, cases of preumonia
are not infrequent i which two potentially invasive types of bacteria are found
in the sputum  In these, the only ways of determimng with certanty which of
them 1s causing the pneumoma, or whether both are concerned, are (1) by
wnvestigauing the bacterial flora of the pulmonary lesion 1tself, esther by lung
puncture of at necropsy, and (2) by to d speaific i
reactions in the blood , (3) uccnsmnally. also, a double infection of the blood
stream 1s detectable

ACUTE SPECIFIC BACTERIAL PNEUMONIAS OTHER THAN

PNEUMOCOCCAL -

P due to pute with bactena o(her than pneumococct are
less frequcm than P cus  hacmoly neus,
cus gureus, and F ! fl are found 1 association

with pneumonias dunng influenza cpldem\cs more frequently than at other
trmes  Durngthe 1919-19 influenza pand many local epids of dary
wafections with organisms of these groups were seen It thus anses that outbreaks
of pneumonta accurring at this time, 1n which 11 ss highly probable that the virus
played an mmportant part, have been recorded n the lterature as due to the
bacterral orgamsm which was locally prevalent Although 1t 15 difficult 10
differentiate clearly 1n such cases of mixed aetiology between the effects of the
virus and of the bacterium, certain features of these cases recognizably depended
upon the natare of the bacterial infection, and are stmilar to those seen 1n cases
associated with the bactena aof the same group, occurring sporadically and pre-
sumably without concomstant wirus snfection  In this section an attempt )s
made to descnibe the principal features of pure infections of the lung with various
bacteria ; the pneumonias assoaated with virus as wefl as bactenal infection
are discussed scp;\r:ﬂfly 1n addition to the pneumonias due to those organisms

Inerdence —~The madence of sporadic cases of pneumomnsa due to haemolytic
i , 10 stapi and to F ki *s bacilus, relative to that of
9




THE PNEUMONIAS

pneumococcal preumonia may be exemplified by the figures of Humphrey,
Joules and van der Walt (1948) and of Butiowa and Gleich (1938) which are
quoted in the section on pacumococcal pneumansa.

I ot N
Aetiology —Strep of the alpha-h tytic or Str, viridans group are
almost constant inhabitants of the upper n’.splramry tract, and are probably never
mtial invaders of the lung. B occur fess freq)
nthe nasopharynx of normat pcrsons The most cummonly occurring hacmolyuc
n human mle ¥ ongs, belong to Lance~
ﬁe]d's group A
due 1o ! )} infe on virus

m(mmns are probably more numcrous than those 1 which the streptococei
appeat to be the pnm:uy nvaders, Durmg the 19)8 -19 influenza pandemc,

focal outbreaks of jon occurred, pro-
ducing ch:\tncxenshc \ypcs of lung Iesmns Measles pneumenm 1s frequently
with h may also be

promitent in some of thz Tess well-defined Iocal epxdemxcs of * febrile catarrhs *
and these may be comphcatcd by lung !csnons due to haemolytic strep(ococcx
dic cases of h mn whmh there 15 no

of an epid vmls are g it iated with |
streptococeal infections of the upper respiratory tract, manifested by sore throat
ot a definite follicular tonsiltits  The figures quoted above indicate that such
sporadic cases may amount to { it 30 or 40 of all pneumonias

"

Pallmgenrs[: ~—The frequcn( of haemoly
with previous h 1 nft of the upper rcsplm(ory tract,
as well as the cttenswe mvo!vement of the smaller bronchl :md bronch:oles in the
mflammatory e

are the result '
by a techmqu: ' .
produce p 3 1y in keys by i mjection of cultures

of } They produced lywo maim types of feslon: (1) an
i 1 and (2) a lobular These they
regarded as sumilar to the lesions observcd mh lyth p Y p i
wm man  They found that followed of small
amounts of culture, and was the exp of i 1o the

spread of the infection 1n the lungs, whereas a pneumonia in confluent lobular *
Tesions followed injection of larges amounts of culture, and was the expression
of lack of resistance  Study of early hustological changes led them to the con-
clusion that the streptococct mvaded the lung (hmugh the walls of the larger
branchi, thence ding 1 the i 1 tissue and lymphatic vessels,
Pathology ~Accounts of the pathological changes in hacmclyuc streptococeal
pneumonia havc mosily been based on the findings in £ases ofenrring in mfluenza
or measfes epid and it 13 whether alf the features des-
cnibed can be atmhulcd enurely (o the haemolytic streptococcus.  MacCallum
(1932) described two mamn types of lesmn One he described as interstitial
In this, the hial tree, fally in its finer divisions,

94




ACUTE SPECIFIC BACTERIAL PNEUMONIAS OTHER THAN PNEUMOCOCCAL

was the seat of gross inflammatory changes, with epithehal destruction 1n the
broucluales ; around the bronchioles there was some hncmnnhage and fater

@ dense fibrinous exudate with a few and ly d 1n the
peribronchiolar atveolr  The atveolar walls, zmd the interstrtial tissue penerally,
showed remarkable and with cells, this

1aterststal 1ofiltration and the alvr.olar exudate tended to become orgamzed
In addition, pleural involvement occurred eatly and often gave nise to lfarge
pleural effusions, which mught remain clear or merely turtad for a long tme
These changes, 1 the wterstital tissue especiaily, are similar 10 those desenbed
1 assocration with pure virus nfections in animals, and other organisms as
well as strep were found m with them  In the
second type of lesion desernibed by MacCallum there was hitle involvement of
the nterstitial tissue  The princapai changes were patchy areas of soft haemor-
rhagic consolidation, which might coalesce, with enormous numbers of streptococct
1n the exudate, as M no resistance were being offered to thespread of the mfection
through the lung,

Climeal picture —1In cases not associated with virys influenza or measles, there
15 uswally a preceding sore throat or folleular tonsiflius  The development of
preumonte syrptoms is wsually wsidions Tocreased prostration, cough, high
fever and tachypnoea, with perhaps mdefimte chilly sensations, are the most
frequent symptoms at the onset  The sputum is often thin, muco-purulent and
blood-stained, containing large numbers of haemolytic streptococes.  When
the disease 15 fully developed, the iliness is, on the average, more severe than
pneumococcal pneumomia.  Very igh fever with delinum and well-marked
cyanosis are usual Pleunsy, followed by masswe effusion, may occur. The
physical signs are very v:mable On account of (h: palchy dstribution of the
fesions, signs of ¢ may not be of p
note over the most affected areas, usually at one or both bases, weak breath
sounds and medm fo coarse riles are the most usval signs  When a massive
plearal effusion is present, the appropnate signs are to be found, but paracentesis
18 often required to detect smaller effusions with certainty.

Complications ~In the 126 cases 1n the sertes of Bullowa and Gleich (1938),
bacteraerma occurred n 27 (23 3 per cent), the mostahty of these was 88 9 per
cent  The grawity of blaod invasion is thus greater than 1s the case with pneumo-
coccal pneumomas  Empyema s a very common complication, occurnng in
about 50 per cent of cases  The fluid 1s generally not purulent at first and appears
as a turbid effusion in a free pleural space Inflammations of other serous
membtanes may occur but are relatvely rare  Pulmonary fibrosis 15 a possible
late complication, as right be expected from the severe reaction 1n the nterstitial
tissues 1n the acute stage

AMortaliuy —In the senes of Bullowa and Glcnch {1938) x)w gross motta)xly
Tate was 37 § pereent TR~ o o laoee
n a senes of 346 cases
dunng the 1918-19 mflt '
<an certanly be much reduced by speaific treatment.

Treatment —Swnce Str haemolyticus is sensitive to both sulphonamides and
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type in new-born infants and mn yaung infants has been described In the series
of Bullowa and Gleich (1938), staphylococer were the cause of 077 per cent of
pneumontas m adults, and of 2 5 per cent n mfams (Table If)

In hylococcal pyaema.~—Staphyl may also anse as part
of a slaphylncoccal pyaenua, when 1t 15 d by such other |
as osteomyelitss, arthritts and perinephric abscess. Multiple metastatic staphylo-
coccus-infected infarcts of the lung, leading to abscess formation, may also oceur
m staphylococcal pyaerma. In this latter group of cases, 1t 1s usually obvious

that lhe lung leswns are d to an dent lesion h ; when a
B d b; 1 1 fesions
1 other crgnns, 11 may be wncertan which 1s the primary focus of infection.
Pathology
The most prominent feature is the tend to on. A ding to

Reimann (1938), localized areas of 1ntense bronchits and bronchiolitis are seen,
with pulmonary lesions grouped around them These areas may be lobar in
extent, or there may be scattered small well-defined areas of haemorrhagic con.
fid: There 15 freq y pleural d; of turbid flud containmng
staphylococcr. In later cases, foct of suppuration, grouped around the bronchioles
and 1nvolving them, break down into miliary abscesses, which may coalesce,
gving mise to gross abscess cavities  Ulceration of an abscess mlo the pleum
may lead to horax with pl tual fistula
the nterlobular septa, lymphatic \esscls and sntersutal ussues are infiltrated
with polymorphonuclear leucocytes Enormous numbers of staphylococer may
be seen 1n the affected areas In cases which are primarily bronchogenic, fate
metastane lesions 1o other organs are, surpsisingly, not common.

Clinical pieture

Synptoms —In adults, the disease follows a vanable course  There 15 often a
preceding infection of the upper respiratory tract. The onset of pneumonic
symptoms 15 usually insidhous, but the pauent rapidly becomes severely i, with
great prostration, dyspnoea, cyanosis, cough and expectoration Sometimes
the onset 15 more sudden, with a rigor or pleunitic parn  The sputum is varable
10 quantity, but 1t 15 usnally purulent and sometimes pink with blood, or blood-
streaked ; 1n typical cases 1t contamns enormous numbers of staphylococcx Fever
1s usually swinging 1n type, and may be accompamed by recurrent rigors and
severe sweats  In fulminating cases, death ensues withm a few days. In less
severe cases, the swinging temperature persists and, with the formation of abscesses
i the consofidated areas, the purulent expectoration becomes more copiots.
In the absence of specific treatment, defervescence in favourable cases is very
gradual ; relapses may occur, with appearance of ncw lesions in prcvmusly
unaflected parts of the lung P, orp often
the acuter phase of the pneumonia,

Signs.—Radiographieally, the early changes consist of tocalized areas of opacity
n any part of the lung field. These may increase to occupy whole lobes  Later
n the disease, arcas of softening and cavitation, giving nise to rather charactcnsuc
cyst-ike appearances, may develop in some of the affected areas; 1 spite of
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this, complete restoration to normal 1 possible  These sather characteristic
staphylococcal lung abscesses have been well described by Brock (1945)

Prognosis

The gross mortality 1n untreated cases 1s high, In Bullowa’s senes (Table 1),
5472 per cent of the adults with staphylococcal pneumonia died (Bullowa and
Gieich, 1938) The prognosss has been greatly improved by adequate pemaitin
treatment,

Staphylococeal pneumonia in tnfants

Staphylococcal pueumona 1s relatively more frequent 1n infants under { year
of age, mcluding the new-born, than o older age-groups The pathological
features of the disease are sumalac to those observed 1n adults © turbud staphylo-
coccus-1nfected pleural effusion 15 especially frequent, as 15 abscess formation
m the lung, leading to perforation of the pleura and pyopneumothorax  The
latter event may give nise to the climical picture of a tension spontaneous pneumo-
thorax This event early in the disease, together with the thin-walled abscesses,
which may appear fater and may become distended 1nto thin-walled cystic spaces,
sometimes of great size, frequently give nse to diagnostic difficuity, The

a o

p from
pyaemmc staphylococcal lesions of the fung, secondary to staphylococcal
sepsis elsewhere (especially infections of the umbihical cord n new-born
wfants and osteomyelitis 1n older snfants), may be difficult The mortality of
primary staphylococeal pneumonia 1n infants 1s igh (probably from 60 to 70
per cent) without specific treaiment, but 1t can be reduced by the proper use of
anubiotcs -

Treatment .
Staphylococcal pneurnoma should be treated 1n the first mstance with pemeathin
Full doses, of the order of 1,000,000 units a day for an adult, should be used
at‘ﬁrst This may with advantage be combined with standard dosage of a suitable
1 h 15 3

i occurs 1n the lung, treatment should be

5 hyl 1 abscesses usually heal under such treatment, although
a thin-walled cyst-like cavity may persist, without symptoms, for a long time at
the site of the abscess It is essential, however, to estimate the sensitvity of the
snfecting staphylococeus to pentaillin and to other antibioues  If the staphylo-
coccus 1s tesistant to penteiilin, aureomyern, 1n doses of | gramme 4 times daily
mtaily, reduced to 05 gramme 4 umes daly after defervescence, 1s the drug of
choce A close watch should be kept for the development of pyothorax, 1f
this develops 1t should be treated imtially by aspiration and the intraplenral
mjection of pensaiflin

H PRI N

Bacterwlogy

It 15 unfortunate that the small Gram-negative baciltus, first 1solated by Pferffer
and regarded by him as the cause of influenza, has continued 10 be known by a
name which suggests a relation to this diseace  Haoemophulus influenzae certainly

9
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15 not the primary cause of influenza, even though it is sometines found in
association with the pulmonary lesions of influenza.  Jis exact role 10 sespiratory
tnfections 1s difficult to estunate 1t may be part of the flora of the upper respira-
tory tracts of normat persons Some e stratns, at least, are independently pathogenic,

and can cause or sep ia  Blake and Cecil (1920)
were able to produce n keys by nt heal 1njection of
Pfetffer’s bacillus, but 1n man pneumonia duc 1o a pure infection with this
organism, apart from an Vifus 15 ty rare. On the

other hand, Pleiffer’s bacillus may be found as part of the bacterial flora in mixed-
infection pneumontas , 1 most of the recorded cases in which it has been found
inp lungs 1 1t demic times, and 1 a large pwpaman of thosc
observed at the ttmes of other path organisms,
pneumocoees, have accompamed it The association of Pleiffer's bacitlus with

in the 1917 epidemic of purulent bronchitis (see page 50) is of
1nterest, especially in relation to the pathological changes associated with Pleiffer’s
bacsflus ppeumonsa

Pathology

Brannan and Goodp (1924) d d the ch isth of
Pleiffer’s bacillus pneumoma dunag an tater-eprdenuc period, on the basis of
5 cases comtng to necropsy, 4 of which showed a mised infectton, generally with
pneumococet.  The cut surface of the fungs showed grey peribronchiolar areas
of consolidation, the bronchiole 1 the centre being distended with yellow pus
The smaller bronchr were similarly the scat of a purulent bronchitis. The mter-
ventng alveoli were filled with sero-purulent or haemorrhagic exudate. The
purulent exudate tn the bronchioles contained large pumbers of smalt Gram-
negmwe bnﬂh Microscoprcally, t h: lummz of the broncholes were dilated
d many polymor ; the b mal and bron-
chxolar walls showed inflammatory thickening and even some ulceration. The
alveolt around the involved brouchioles were filled with ﬁbnuous plugs, conmmmg
few cells ; those more penipheraily placed
exudate with Ittle fibnn  In tecventng alveolt, haemon‘hage or focal areas of
necrosts might be seen. Pleural mvolvement was not prominent, The larger
bronch: showed some inflammation, but were not so severely affected as the
smaller air-tubes. These changes were sumtlar in several respects 10 those
observed m assocmmn with Pfesffer’s bacillus mvasion of the lungs during the
but p y oedema, dik of the aheolar ducts,
and the mterstitial nssue reaction obscrved 1 assocration with virus diseases

Were not present.

Chnseal picture, diagnosis and treatment
Clascal aspects—-There is no clearly distinctive chinical feature by which a
pneumonia may be suspectcd to be due to Pfeiffer’s bacilfus. The course is
atypical, and of a purulent bronchitis may
be present  The physical signs are usuaﬂy those of widespread patchy lobular
consalidation, which may became confluent at a late stage.
Diagnosis~Dngnosss during iife depends upon the finding of M. mfluenzae
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RARY FORMS OF ACUTE SPECIFIC BACTERIAL PNEUMONIA

predominating 1n the sputum , in order to establish that this organism is the
causative agent, it should also be shown to be present in the lung at necropsy,
or else by lung-suction, and studies to exclude a virus infection are desirable.
The question 1s one of mainly acadermue wnterest

Treatment.~1In sf 1t 1s that K. inff 5 p
m the ofap 1t would be ble to use n
the dosage ded above for the of i} tant staphylo-
coccal d with hine 1n standard dosage.

RARE FORMS OF ACUTE SPECIFIC BACTERIAL PNEUMONIA

The pneumomnsas mentioned 1n thus sechion are rare mamfestations of bacterial
mfections which commonly give nse to more generalized diseases; for this
reason, bnef reference only 1 made to them.

Bacillus anthracis pneumonia
Broncho-pulmonary anthrax, or wool-sorter's disease, 1s the rarest of the
fotms of anthrax It occurs 10 men who handie raw wool or hudes infected with
anthrax, the bacillh gaymng access to the body hy wnbalation of the infected dust.
In the commen form of anthrax, the orgamisms enter by the skin, causing a
malignant pustule, from which they enter the blood stream, causing a septicaemia
The pulmonary form is characterized at the onset by a severe bronchutis, and
the progress of the iliness 15 rapid, with & cyanosts, and bl 1 d
A patchy develops.  Path ty, there 15 an
ntense bronchitis, with ¥ h exudate and . there
15 also a patchy haemorrhagic consohidation of the lung, which may progress
10 inplaces The without specific treatment 1s very grave,
nearly ail the patients dying within a few days of the onset of acute symptoms
Diagnosts depends upon the history of exposure to possibly infected dust, and
upon the finding of B. anfhracis 1n sputum or blood culture  Prophylactic
measures to protect workers 1 raw wool, fur and hides from dust have rendered
the disease extremely rare  In vitro, the anthrax bacillus is sensitive to pemcillin,
streptomycin and aureomycin, but there 15 no record of the use of any of these
antibiotics in broncho-pulmenary anthrax, 1t would be reasonable to attempt
treatment with very large doses of pemctllm, say 2,000,000-4,000,000 units daily
m the first nstance

Pasteurella pestis pneumonia

Aetiology —The pneumonic form 15 one of the rarer vaneties of plague Itis
of paricular importance, however, because it can be transmtted directly from
person to person by droplet mfection, 1 contrast with the bubome and septicaemic
forms in which the infection is transmitted by fleas from infected rats In
epidemics of pneumonie plague. the infection 1s presumably derived at first
from rats in the usual way, a speafic pneumonma develops in one or severa)
cases, and from these direct case-to-case nfection by droplet infection starts
The spread of the itifection 1s more rapid 1n pneumonsc than in bubonic outbreaks,
but pneumonic outbreaks generally reman stnetly locahized 1t 15 doubtiul
whether pneumonic plague 15 a5 intensely contagious as was once thought, Cold
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15 not the pnimary cause of influenza, even though it is sometimes found in

with the pul y lesions of 1nfl Its exact role mn respiratory
nfections 1s difficult to esttmate It may be part of the flora of the upper respira-
tory tracts of normal persons. Some strains, at least, are independently pathogentc,
and can cause memmgutis, endocarditis or septicacmia.  Blake and Cecil (1920)
were able to produce ia % by 1t heal injection of
Pleiffer's bacillus,, but i man pneumonmia due to a pure fection with this
orgamism, apart from an associated virus infection, 15 extremely rare, On the
other hand, Pfeiffer's bacillus may be found as part of the bacterial flora 1n mixed-
infection pneumomias , 1a most of the recorded cases i which it has been found

mp lungs 1n 1nt d times, and 1n a large proportion of those
observed at the times of influenza epidennics, other pathogentc orgamsms, especially
i, have d it The association of Pfeiffer’s bacillus with

1n the 1917 epid of purulent bronchitis (see page 50) is of
1nterest, especially 1n relation to the pathological changes associated with Pfeiffer’s
bacillus pneumonia

Pathology
Brannan and Goodpasture (1924) described the characteristic appearances of
Pleiffer’s bacillus duning an int demic period, on the basis of

5 cases coung to necropsy, 4 of which showed a mxed mfection, generally with
pneumococci. The cut surface of the lungs showed grey peribronchiolar areas
of consolidation, the bronchiole 1n the centre being distended with yellow pus
The smaller bronchi were similarly the seat of a purulent bronchitis. The inter-
vening alveol were filled with sero-purulent or haemorrhagic exudate. The
purulent exudate 1n the bronchioles contained Jarge numbers of small Gram-
negative bacill.  Microscopically, the lumna of the bronchioles were dilated
and d many polymorph lear I ytes ; the bronchial and bron-
chiolar walls showed inflammatory thickening and even some ulceration. The
alveoh around the involved bronchioles were filled with fibrinous plugs, containizg
few cells ; those more penipherally placed contaned a polymorphonuclear-cell
exudate with little fibnin  In interventng alveoli, haemorrhage or focal areas of
necrosts might be seen  Pleural mvolvement was not promment. The larger
bronchi showed some inflammation, but were not so severely affected as the
smaller awr-tubes These changes were sumilar mn several respects to those
observed 1 association with Pfeffer’s bacillus mvasion of the lungs durmg the
infl pand ; but y oedema, dilatation of the alveolar ducts,
and the interstitial tissue reaction observed 1 association with virus diseases
were not preseot.

Clinical picture, diagnosis and treatment
Chnrcal aspects —Thete 15 no clearly distinctive clinical feature by which a
pneumomia may be suspected to be due to Pferffer’s bacilus. The course Is
atypical, and sometimes prolonged , symptoms of a purulent bronchitis may
be present  The phystcal signs are usually those of widespread patchy lobulac
consolidation, which may become confluent at a late stage
Diagnosis.—Diagnosts during life depends upon the finding of H. influenzae
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predominaning in the sputum ; in order to establsh that this orgamsm 15 the
causatve agent, it should also be shown to be present in the lung at necropsy,
or eise by jung-suction, and studies to exclude a virus mfection are desirable.
“The queshion 13 one of manty academae m\ue‘s(

Treatment —In it s that H anfl is
in the jon of a p 1t would be fe to use , in
the dosage d above for the of p lit tant staphyl
coceal p b with 1 standard dosage

RARE FORMS OF ACUTE SPECIFIC BACTERIAL PNEUMONIA
‘The pneumonias mentioned 1w this section are rare mamfestations of bactertal
mfechions winch commonly give n15e te more generatized diseases, for this
reason, brief reference only is made to them

Bacillus anthracis preumonia
Broncho-puimonary anthrax, or wool-sorter's disease, is the rarest of the
forms of anthrax It occurs in men who handle raw wool or hudes infected with
anthrax, the bacilii gaining access to the body by mhalation of the infected dust
In the common form of anthrax, the orgamisms enter by the sk, causing a
malignant pustule, from which they enter the blood stream, causing a septicaemia
The pulmonary form 1s charactenized at the onset by a severe bronchins, and
the progress of the finess is rapid, with dyspnoea, ¢yanosts, and blood-stamed
A patchy develops  Pathol , there 15 an
mtense bronchits, with haemorrhagic exudate and sometimes ulceration , there
1s also a patchy haemorrhame consobidation of the fung, wiich may progress

upon the finding of B anthracis in sputum or blood cufture. Prophylactic
measures to protect warkers 1 raw wool, fur and fudes from dust have rendered
the disease extremely rate It vuero, the anthrax bacilius 1s sensitive to perarlhin,
streptomycin and aureomycin, but there 1s no record of the use of any of these
antibiotics in broncho-pulmonary anthrax, 1t would be reasonable to attempt
treatment with very large dases of pemarlim, say 2,000,000-4,000,000 unmits dasly
1 the first mstance
Pastenrella pestis pneumonia

Aetrotogy ~The preumonic form 1s one of the rarer vaneties of plague. Tt 1s
of particulac smportance, however, because 1t can be transmitted directly from
person ta person by droplet sfection, i contrast with the bubonic and septicaerc
forms in which the infection 15 ttansmutied by fleas from infected rats  In
eprdemics of pneumonic plague, the infection 15 presymably derwved at first
from rats in the usual way; a specific paeumonta develops in one or several
cases, and from these direct case-to-case nfection by droplet infection starts.
The spread of the infection 15 more rapid i paeumonic than 1n bubonic outbreaks,
but preumone outbreaks generally seman stnetly localized, 1t 13 doubtful
whether pneumonic plagne is as sntensely contagious as was ence thought  Cold
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damp climatic conditions favour, while hot dry conditions hinder, the spread of
pneumonic plague  The largest recorded outbreaks have been i Manchuria ;
small localized outbreaks are recorded 1n areas in which bubonic plague is endemic
A small outbreak occurred 1n East Suffolk in 1910, and one or two other similar
small outbreaks of fatal pneumontc illnesses in the same area, 1n the few years
preceding that date, seem likely to have been due to the same cause (Bulstrode,
191D - . -
Pathology and clinical features—Pathologically, the pneumonsa of plague
consists of a patchy soft oedematous haemorrhagic consolidation, with multiple
sub-pleural ecchymoses, severe bronchitis and much swelling of the broncho-
pulmonary glands The onset of illness 1s sudden, with severe constitutional
symptoms , prostration, | g, diarrhoea, drowsi and deltrium
are common , cough, with sputum (which tends to be frankly blood-stained),
dyspnoea and cyanoss follow  In the absence of specific treatment, the disease
1s nearly always fatal within 4 days
Diagnosis —Duagnosis duning an eprdemic of bubonic plague is simple ; when
bubonic cases have not been recogmzed, the outbreak may present as 2 rapidly
developing epidemic of umformly fatal prnmary pneumoma, which should
diately cause of p plague. A concurrentLLeplzfou:.
B Bl - 4y earolha chan

Treatment —Elaborate 1solation of pattents 1s, of course, essential Details
of prophylactic measures belong rather to general discussions of plague than to the
present context In therapy, streptomycin in large doses (4-6 grammes daily
at first), combined with full doses of a suitable sulphonamide (sutphadimethyl-
pyrimidine, Sulphamezathine) should be used.

Tularaemic pacumonia

Bacteriology —Pneumonia 15 one of the possible manifestations of tularacmia 3
this disease 1s cansed by a minute Gram-negative bacillus, which has been named
Pasteurella tularensis (or Brucella tularensts) 1t has been reported to be endemtc
among small rodents 1n certain parts of the United States of America, Japan,
Stberia, Norway, Sweden and Czechoslovakia  Tularaemia has not been recorded 1n
Great Britan except as the result of an accidental infection of laboratory workers.

Clinical features —In about 50 per cent of cases, some evidence of pulmonary
nvolvement may be obtaned, but 2 small proportion present primarily in 2

form The ia has been described as charactenzed by nodules
of hepatization, 1n which central areas of coagulation necrosis may 0CCur- Past
tularensis may be cultivated from the lesions Diagnosis depends ppon the
1solation of the causatrve organism from sputum or blood, or upen a rmising
titre of agglutinins 1n the serum ! i

Prognosis —Without specific treatment, the mortality is high. Streptomycin,

aureomycin and chloramphenicol appear to be effective therapeutically.
Other bacterial diseases in which pneumonia may occur
Enteric fevers.—1In euteric fey ers, a bronchitss occasionally occurs at the onset.
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Pneumomna may develop, especiaily in the later stages of fatal cases, but 1t appears
1o be most commonly due to other organisms than those of the enterc group,
often to preumococar  Occastonally, cases have been recorded in which organssms
of the entenc group have been found predominating 1n sputum cultures, or m

fungs d at necropsy Ap 1y, no clinical d ion can
be made 1 entenc fevers between the common non- specific pneumonias and the
very rare due to the t of the pnimary disease

Undulant fever —In undulant fever, pneumomas may occur, either as an in-
cident during the course of the discase or as one of the phenomena of the terminal
stage  These are almost not d with brucella
nfection of the lungs themselves, according to Reimann (1938), only one
authentic case of pneumonia 1n which brucellae have been found 1n the lungs at
necropsy has been recorded

“ ACUTE TUBERCULOUS PNEUMONIAS

Three types of &ubcrculous lung disease may present chimcally as pncumomas .
m , ) lobar and (3)
broncho-pneumomna .

* Epituberculosis **
Pathogenesis

Tius Gtfe, first used by Cliasberg and Neuland 1n 1920, descnibes a group of
cases 1n children and infants, charactenized by a prolonged illness of varning
seventy, with cough, a variable degree of fever, and radiographic and sometimes
chimical sigms of pulmonary consolidation, affecting any part of the lung. but more
often the upper lobes or the muddle lobe  Evidence of a refation to tuberculosis
is given (1) by a strongly positive dermal tuberculin reaction, and usuaily by 2
positive tustory of contact withun the farmly with open, tuberculosis, (21 by

evidence of enlargement of tlar lymph: with

the consolidated segment or fobes , (3) 1n some cases by the detection of tub:rdc
baaih in the resung gastric contents

Chmeal preture and course

The onset of the liness 15 usually insidious, with cough, Joss of weight, some
dyspuoea, and occassonally pain in the chest  The seventy of the symptoms 15
very vanable Occasionally, symptoms are very sight, more rarely there
may be a more acute onset, simulating that of an acute m:umoma ‘The course
15 always On signs of hd; in an)
part of the lung may be found, or physical signs may be less definste, with only
some impairment of percussion note, weak breath sounds, and a few riles over
the offected part of the fung Radiography shows homogeneous shadows,
extending out from the fufum into the affected lobe, they may involve part of
the lobe or a whole fobe

After a prolonged gourse, tesolutian is usually complete, but there may remam
small dense shadows, of calaified pul: y and lymph-node lestons
1n the previously affected area
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Morbid anatomy

Since the group has been defined largely by the chinical criterion of a benign
course, doubt 1s Iikely to be cast upon the validity of including 1n 1t any case that
termmnates fatally Hence there has been much discussion of the nature of the
lesion in the lungs 1n these cases, espectally whether it is to be reparded as an atelec-
tasis due to pressure on segmental or Iobar bronchi by en]arged tuberculous
lymph-nodes, or as a begn variety of ti
studres have shown that distortion or occlusion of bronchi, or even ulceration of
enlarged lymph-nodes into them, may be present On the other hand, the few
pathological studies which have been made (Reichle, 1933 ; Fish, 1937 ; Fish
and Pagel, 1938) have shown a pneumomnic condition of the lung with very few
tubercle bacillt present A reasonable hypothests, covening both these observa-
tions and the chimical facts, is that “ epituberculosis ” of all types 1s due to the
effects of enlarged lymph-nodes on bronchi  at one end of the scale is a pure
atelectass, caused by occluston due to stmple pressure from without, and at the
other a pneumonic reaction, set up by leakage of caseous material contaimng
tuberculo-protein and a few bacillt from an ulcerated node 1nto the segment or
lobe ; all types of intermediate reactions may occur

Diagnosis

Rad) iphic and lab y methods.—A due to pressure by tuber~
culous glands, gives rise to the usual chinical and radxogmphlc cwdences of
atelectasss, and investigatton of the bronchial t y b
or alternatively by bronchography—will dcmonstmte bronchml obstrucuon
A benign may be suspected 1n a child who has a prolonged
pulmonary consolidation (lobar or pnmal lobar 1n extent), with a strongly positive
Mantoux reaction and, perhaps, a history of close contact with open tuberculosis ;
the diagnosis is made more certain by the finding of tubercle bacilh m stomach
contents and washings

Dy ! d —The drff 1 d fro
tuberculcsns can be made with certainty only by obscrvmg the coursc, although
ds of the may suggest, even at the onset, the

relzmvely bemgn nature of the lesion , a simlar suggestion 1s given by the more
uniform and less dense opacity of the radiographic shadows, and their tendency
to spread out fan-wise from the hilum, and by the strongly posittve Mantoux
reaction  Occastonally, ** epituberculosis ™' may be confused with bacterial or
other acute non-tuberculous pneumonias In general, the child with even the
acuter types of “ cpxtuberculusls 1s not so acutely tll as would be expected
with an acute non-t The ponts d above will
be helpful, but often a period of observation 1s required to establish the diagnosis.

Treatment

The treatment of all types of ** epituberculoss * consists 1nitially of rest in bed,
combined with careful chmieal and radiographic superviston Most cases,
especially of the ﬂtelcc(ahc variety, respond well to such treatment ; indications
for the use of strep are
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Tuberculous lobar pneumonia
(S)nan) ms: caseous preumonia, acute lobar pneumomc phthusis))

il lobar hd: ly the first chnical manifesta-
tlcn of pulmonary tuberculosis, enher 1 adults or in children A lobar con-
solidation of tuberculous origin may rarely appear during the course of established
pulmonary tuberculosis, usually as a result of bronchogenic spread after a haemo-
ptysis, an operation, or an intercurrent acute resplra(urymfccuon The term,

il obar should be dasa name for

a group charactenzed by the presence at one stage of umform consoldation

throughout a lobe, cansed by an exudative reaction to the tubercle bacillus, and

somewhat arbitranly selected for consideration from an uninterrupted senes of

types of pulmonary tuberculosis The gmup ranges from cases with an acute onset

that of a acut to others with an snsidious

onset resembling that usually assouated with pulmonary tuberculosis; and

from those considered in the previous section, the course of which is refatively

‘bemgn, showing a tendency to resolution, to those showing rapid caseation and
cavitation, leading to death within a few weeks or months

Pathology
The factors which determune the of a tuberculous lobar i
are obscure It 1s probable that a lobar exudative reaction can occur only 1n a
person who has been rendered highly allergic by previous pnimary infection
Althoogh 1t seems likely that the seeding of a whole Iobe with tubercle baciil
15 usually the consequence of rupture of a caseous focus 1n the lung or in a
ph-node 1mto the tracheo-t hual tree, evidence of such an event may not
be obmmable
Any lobe or lobes may be involved 1n a tuberculous pneumonsa. The con-
solidation at first has a peculiar translucent grey or pinkish-grey colour, with a
smoo\h cut surface covered with wiscid exudate, this stage has been called
the alv:oh are filled with exudate,
contaming many macrophages and a smalfer number of polymorphonuclear
cells and lymphocytes ; a varymng number of giant-cell systems are scattered
through the affected area At this stage, resolution, even as far as complete
rtestoration 1o normal, may occur; the bemign tuberculous pneumomas dis-
cussed in the preceding section progress no further than this
In the less favourable cases, the consohda!\on becomes dryer and yellow n
colour, and y areas of the alveolar
exudate becomes more fibrinous, the c:lls bo(h ci‘ the exudate and of the lung
tissue degenerate, areas of necrosu and hquefaction develop, and around them
polymor appears  Thus, cawities lined by
caseous walls are formed A varying amount of fibrous-tissue reaction may
occur, tending to hmit the progress of the discase, and comverting 1t into the
fibro- -caseous form of the disease , but in many cases of caseous pneumoma,
if by b { therapy, the breaking down of the
::.\s:ous areas into cavitles Iends to spread of the disease by aspiration 1nto multiple
lobular foci scattered throughout the lungs, with an early fatal outcome,
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Morbid anatomy

Since the group has been defined Jargely by the clinical criterion of 2 benign
course, doubt 1s Iikely to be cast upon the validity of ncluding in it any case that
termnates fatally Hence there has been much discussion of the nature of the
leston 1n the lungs 1n these cases, espectally whether it 15 to be regarded as an atelec-
tasts due to pressure on segmental or Jobar bronchl by enlarged tubercu]ous
Iymph-nodes, or as a berugn variety of tub
studies have shown that distortion or occlusion of bronchl, or even ulceration of
enlarged lymph-nodes into them, may be present On the other hand, the few
pathological studies which have been made (Reichle, 1933 ; Fish, 1937; Fish
and Pagel, 1938) have shown a pneumome condtion of the lung with very few
tubercle bacilh present. A reasonable hypothesis, covering both these observa-
tions and the climeal facts, 15 that * epituberculosis ** of all types 1s due to the
effects of enlarged lymph-nodes on bronchr. at one end of the scale is a pure
atelectasis, caused by occlusion due to stmple pressure from without, and at the
other a pneumonic reaction, set up by leakage of caseous materral containing
tuberculo-protein and a few bacillt from an ulcerated node into the segment or
lobe ; all types of intermediate reactions may occur

Diagnosis

Radi iphic and lab 'y methods —Atel due to pressure by tuber-
culous glands, gives mse to the usual chinical and radiographic evidences of
atelectasts, and mvesugauon of the bronchlal trce——prefembly by bronchoscopy,
or al!cmatlv:ly by broach h: 1 obstruction.
A bemgn may be susp in a child who hasa pm]ongcd
pulmonary consoldation (lobar or pamal lobar 1n extent), with a strongly poslhve
Mantoux reaction and, perhaps, a history of close contact with open tuberculosis 3
the diagnosis 15 made more certan by the finding of tubercle bacilll n stomach
contents and washings

Differential di —The d d from prog
tuberculosls can be made with certainty only by observing the course, although
ly the mild of the may suggest, even at the onset, the

relzuvely bemgn nature of the lesion , a similar suggestion 1s given by the more
untform and less dense opacity of the radiographic shadows, and thetr tendency
to spread out fan-wise from the hilum, and by the strongly posiive Mantoux
reaction O« Ily, *“epitut losis ** may be d with bacterial or
other acute non-tebercutous pncumomas In general, the child with even the
acuter types of * epifubercuiosis  1s 1ot so acutely il as would be expected
with an acute non-tuberculous pneumonta The points mentioned above will
be helpful, but often a period of observation 1s required to establish the dragnosis.

Treatment

The treatment of all types of ** epstuberculosts ** consists initially of rest 1n betl,
combined with careful chinical and radiographic supervision. Most cases,
especially of the atelectatic vanety, respond well to such treatment ; indications
for the use of strep
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or less m lymph-nodes) mto P
of the lungs.

d parts

Chmeal picture

1n the cases in which tuberculous broncho-pneumania 1s the earliest detected
lesion, the onset 15 usually nsidions, but an ntercusrent catarrhal infection may
cause on aggravation of symptoms, which mnduces the patient to seek mcd:cal
adwice for the first time, and may lead to a provmona\ diagnosis of ** pneumonia ™
The principal symptoms are mcgu\ar swmgmg pytexn, cough and spu\um.

and sweating, h or pain 1 the chest  In severe

cascs. Ih:r: may be great dyspnoea and cyanosis, wasting is penerally rapid,
and the patient may lapse 1nto a cachectic state with fatal termination within a
few months

Dufferential diagnosis
In these c:\Ses there may he dxmcully duning the earlier stages 1n differential
fro lobuk either of the acute speaific
variehes or of the less specific nspnmmn variety after catarthal nfections ;
bacterialogical exanunation of the sputum should settle the dignosis, for m
tuberculous broncho-pneumonta there 18 rarely difficulty 1n demonstrating the
bacillus 1 the sputum

Dragnosts

‘When tuberculous fobufar pneumonia anses in the course of chronic pulmonary
tuberculoss, the diagnosis 13 usually easy , but occasionally, especiaily after
general anaesthesia or a catarrhal infection, a lobular poeumomnia, the aenclogy
of which 15 doubtful, may appear in a patient with known chronic pulmonary
tuberculows  In such eases, the course of the disease, best followed by senal
radiography, 1s the only feature by which diagnosis can be made with certainty
since tubercle baaily, if present in the sputum, may have come from the old lesions ,
if the new lesion clears rapidiy after treatment with suiphonamdes and pemailin,

1t 1s probably a lous lobular
e rad changes of 1l lobular are symilar to
those Of Other farme AF Lahidas ana tmmnn 3 awopes ket a Fomage <£ 233, 1
cufous lesion . . . .
of the disease .
ERRATUM sometimes appear
ot .15 considered in Chapter 3 J 6

Chapter 21 read Chapter 16. EUMONIA

+ complication of epidernc influenza
and 15 the canse of the high mortality of 1nttuenza pandemics.

Clinfeat types
The chaeal picture of influenzal preumonia 1s very variable,
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Clinrcal aspects

The symptoms may develop msidiously, or there may be a sudden onset simu-
lating that of an acute non-tuberculous pneumomia  In many cases, a history
of preceding vague 1ll-health, lassitude and loss of wetght may be obtained  The
symptoms of the established dcease are often at first confusingly similar to those
of an acute non-tuberculous pneumonia, and this may be the first dragnosts made,
Instead of the cyanottc flush seen in young patients with pneumococcal pneumonta,
there may be pallor  The sputum 1s less often * rusty ”, and more often muco-
purulent and streaked with frank blood, haemoptysis may rarely be severe.
Symptoms suggestive of tuberculosis may not appear for 2 or 3 weeks; the
pyrexia 1s maimntained, there may be severe sweatmng, wasting and anaemia are
progressive , sputum may increase 1n amount and become purulent, but often
remains scanty , the differential diagnosis has to be made between (1) pneumo-

coccal d by emp or some other suppurative com-
plication, or by delayed resolution, (2) tuberculous pneumonia, (3) other types of
acute bactertal (4) sup, ve p 1 y abscess), (5) a

p 5
bronciual foreign body, (6) carcinoma, and (7) rarer condittons such as actino-
mycosis N

Diagnosis

The di of tubercul rests lly upon the results of
bacteriologrcal examination  Although in most cases bacilli appear in the sputurm
or gastric contents quite soon after the onset, in a few the appearance of
bacillt may be delayed for as long as 10 weeks or even more  Small clear pl:ur:':l
effusions may develop around the affected lung, and bacilli may be found in t}_us
flud before they appear in the sputum  Physical exammation at the earlier
part of the illness will not distinguish the disease from lobar pneumonia due to
any other orgamsm ; but riles may be more numerous and coarser, and the
upper lobes are more frequently affected than 1n pneumococeal pneumonta.

The radiographte shadow of a tuberculous lobar consolidation duning the earhier
stages 1s exactly simular to that of a pneumococcal one, but 1n some cases motthng,
suggestive of tuberculous infiltratton, may be seen n other parts of the jung
fields. Later, multiple arcas of cavitation 1n the consolidated Jobe appear, and
often areas of tuberculous * 1nfill " or lobular idation appear in the
rest of the lung fields

Tuberculous broncho-pneumonia

In this type of acute pul 1y tubercul there are d lobular
pneumonic lesions, showing similar gross and microscopic characteristics and
modes of progression to those of the lobar lesions of tuberculous lobar pneumonia
In children and adolescents, diffuse lobular pneumonta may be the first clinieally
detected lesion of pulmonary tuberculosis, usually because premonttory symptoms
have been unnoticed or ignored In adults, tuberculous brencho-pneymonia
1s usually a of chronic p y tubercul often precipitated by
h general hesta or an intercurrent mfection In ‘“‘3“ case
the pneumonia is due to aspiration of mfective matenal from older foc (esther
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epidemnics, but the case-mortahity of true influenzal pneumonia seems to be about
the same 1n p and No 1s yet available about the
effect of anhblohcs active agamst the bactenal 1nvaders on the mortality, and
no antibiotic at present avaitable has a proved action against the influenza virus.
Bacteriology

In ferrets and muce the influenza viruses alone can canse pneumomia  In man,
bacteria of various sotts are nearly always found 1n the lungs in fatal cases of
nfluenzal pocumonta The virus 15 likely to be 1solated from the lungs only in
the case of patients dying early 1n the disease, usually with the ** fulminating ™
type of pneumania , 1solation 1s much less fr:qucnt if the patient dies later in the
iltness. The type of pneumonia can be conemcd 10 some extent with the bacteria
present ; tend to be d with lesions of Iobar distribution,
baemolytic streptococes with a severe diffuse Jobular pneumoma and a high
mcidence of pyathorax, and Haemophilus influenzae with purulent bronchitis
and patchy basal pneumonia  Several types of individually virulent organisms
have been found 1n fulmunating cases  but certarnly 1n inter-pandemic epidernics,
Staphy fococcus aureus, usually n very great numbers, 1s the most frequent

In the 1918-19 pandemic, the type of pneumonia found mn vanous focalities
varied with the locally prevalent bactena, and local epidemics of secondary
fection by a locally prevalent organism wete reported.

All these observations make 1t hkely that the pneumonias associated with
influenza are due to the combined actions of the virus and of a vanety of bacteria.
In the fulminating cases, extensive and severe damage to the respiratory epithelium
by the wirus 15 accompamed by simultaneous nvasion by strongly pathogemc
bactena In the usual type of wfluenzal pneumonia, virus damage of varying
extents paves the way for invasion at vanious stages by bactena of varying types
The great number of vanable factots accounts for the confusing vanety of chnical
pictures.

Pathology

Tt wilt be clear from the above description of the clinical aspects that the gross
morbid anatormcal changes in influenzal pneumomsa are very vaned  Certamn
hnslologlml features, hovxcver. are commonly found  Of these, \he most frequent
are \ et f (1) desgy and necrosis of ol and

5 {2) ce\lu\ar nto the tissue , (3) formation of

a layer of hyaline matenal 1n the inner aspects of difated nlveolnr ducts H (4)
focal necrosss of alveolar walls with of
haemorrhage These changes are combined in varying dcgr:cs \mh those
associated with bactenal pneumontas of varyimg sorts  In the acuge I'ulmmnlmg
poeumomnias, soft, intensely h usually
lobular distribution, 1s commonly seen with the naked eye; hxs(olcglca\ly,
necrons of and of bronch and alveolar wadls, and ntra-
alveolar haemorrhage are promment
Diagnosis

In practice, the diagnosts of influenzal pneumonna depends usually upon the
knowledge that influenza is prevalent. In the usual pneumonmic cases, with
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can be distnguished In the first, the symptoms and signs of the pneumoniz
appear after an interval of usually 4 or 5 days from the onset of the influenza
The second |s fonunutcly rare except 1n pandemics, and consists of cases of

1 m which the symptoms become pro-
gressively more severe from the onset of the influenza and death resulits m most
cases within 3 days

Pneumonia ensuing after the development of influenza
The first group ncludes the large majonty of cases. About 4 or 5 days

but occasionally longer, after the onset of the influenza, and often at a time
when the patient is beginming to fec! better and may even have starfed gefting
up out of bed, there 1s a return of the fever and constitutional symptoms ; this
may be preceded by pleuntic pain or shwvering, and 1s followed by increased
cough, expectoration and dyspnoen  Clinically, many patients show a character-
1stic app and with ypnoea, rather than dnstressed, alcn
and dyspnoesc ltke the pahent with A
of cyanosis and pallor causes the so-calted ** hiac cy:mcsls », which tends (o appear
cather than does the flushed cyanosis of pneumococcal pneumonia  The pyrexia
in many cases bears no relation to the seventy of the illness The leucocyte
count, which 15 usually low or normal in uncomplicated influenza, generally
nses, with an inctease in neutrophni percentage

The anatomcal distribution and course of the preumonia are very variable,
There may be (1) patchy bilateral lobular lesions, usually basal, (2) patchy
fesions at one base with massive [obar consofidation in the other lung, or
(3)lobar consolidation alone  The physical signs vary accordmg (o the dxsmbuuon
of the lesions. The scattered basal lobular
give rise to impairment of percussion note, weak breath sounds and riles, but rarely
to bronchial breath sounds The physlcal signs of the fobar consolidations often
differ from those found 1n p Hobar p , dullness to p
may be extreme, and breath sounds may be \vcak vcsxcular or even ahsent, instead
of bronchial, so that the signs simulate those of effusion 1ato the pleura  Resolution
of consolidated lobes presenting these signs is generally very slow , but the con-
solidated lobe may present the more usual physical signs and these less massive
lesions usually resolve without undue delay

Fulminating mfluenzal pneumonia
In the fulmmating cases, the patient 1s taken il with severe influenza, and
becomes steadily more prostrated, dyspnoeic and cyanosed  The lilac cyanosis,
caused by a comhnation of arterial anoxia with pallor of the skin due to a shock-
Yike stote, develops early  The physical signs in the chest are variable from case
to case, but g ily consist 1n of note, weak breath
sounds, and riles spreading upwards from both bases Most patients who
present this picture die within 3 or 4 days of the onset of the * influenzal ”
symptoms
Mortality !
'l'hc over-:\ll mortal:ty varies from about 25 to 40 per cent In pandemics of
the of 15 much higher than in inter-pandemic
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PNEUMONIAS CAUSED BY VIRUSES OF THE PSITTACOSIS GROUP

meidence and severity upon the associated bacterial infection  Recovery is often
stow, and resolution may be incorplete, leaving some residual fibrosts and possibly
bronchiectasts

Pathology

The larynx, trachea and bronchi show inflammatory changes of varying seventy,
sharing 1n the general mvolvement of the respiratory mucosa which 1s a leading
feature of measles The 1s usually of b h distribution,
and 1ts character 15 dependent partly upon the bactera present There 15 an
inflammatory reaction 1n the mterstitial tissue, with mononuclear cells, lympho-
cytes and plasma cells Characteristically, the exudate 1 consohdated alveoh
15 mcnonuclear 1n type, but bacterial invaston may modify this  Bacterologically,

are often as 1 the Umted States Army

epxdemlc of 1918, He hul: and 1 may
also be found, and the bactenal flora may be mixed
Treatment

In treatment, penccillin or one of the other wide-range antibiotics should be
given from the time that the onset of pneumonia 1s suspected, even if, 10 a severe
case of measles, 1t has not been gwven prophyl Ny  Thereafter,
should 1deally be gumded by the results of bactenological studies

PNEUMONIAS CAUSED BY VIRUSES OF THE PSITTACOSIS GROUP
Psittacosis
Epidemiclogy

Psittacosts, according to the onginal descriptions, 15 a disease transmitted to
man from birds of the parrot famuly, and 1s charactcnzed chmcally by a severe
februle iliness with at the onset, a later
development of pneumonic changes 1n the lungs, and 2 high mortality  Outbreaks
were described 1n many parts of the world among persons 1n contact with parrots
and budgengars The disease was particularly widespread 1n 1929-30, when the
causative virus was first identified  The virus 1s of large particle size, and 1s a
member of a group of wiruses which includes that of lymphogranuloma
venereum , 1t also includes a number of viruses causing pneumonta m labora-
tory and other ammals These viruses charactenstically gtve rise to basophilic
wnclusion bodies n infected cells They appear to be mtermediate 1n many
Tespects between nickettsiae and true viruses

In the 1929-30 epidemics, 1t was noted that the appearance of the human
disease was often preceded by an emzootic outbreak among parrots  The virus
15 excreted 1n the droppings and nasal secretions of infected parrots, and infection
could often be traced to contact with such birds  The virus can be carried by
apparently healthy birds Rare instances of spread of infection from human
cases of psittacosis to their attendants are recorded

Clinical picture

The incubation period 1s from 6 to 15 days The onset of the disease is
sudden with nigors and somettmes vomuting  Headache 1s severe  Epistaxis
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PNEUMONIAS PRESUMABLY DUE TO UNIDENTIFIED PNEUMONOTROPIC VIRUSES

establishing the dlagnosls If rccovcry of the virus is not possible, companson
of the titres of n phase and 1n

phase sera will serve to cslablnsh zhe diagnosis, The nse 1s generally first evident
between the eighth and the twelfth day of the illness It 1s important to establish
a rise n utre, since the antibody 15 common to the whole lymphogranuloma-
psittacosts-pnetmonitis group, and a single observation of a high ttre may
therefore be attnibutable to a preceding infection by any of these viruses * Cold
agglotinins > do nol normally appear i the blood of patients convalescent from
group, although exceptions to this

rule have been record:d

‘Treatment
Large doses of pcmcnllm (1,000,000 units or more daily) have been reported
to be th effective, but and, probably, chloramphenicol

are more effective, and should be used

OTHER VIRUS DISEASES
There are other diseases known or presumed to be of virus ongin m which
preumoma due to the causative virus may occur

Smallpox —In severe smallpox, specific lesions wmn the bronchi, accompanied
by pneumonia with Guarnier1 bodies 1n the lungs, have been recorded Howat
and Arnott (1944) have recorded an outbreak of pneumoma, presumed to be
of virus origim, 1n 7 cases between 11 and 15 days after contact with smallpox
patients  Thes remams an 1solated observation and 1ts precise sigmficance 1s
not clear

Chicken-pox —Several cases of severe chicken-pox m adults, with a pneumonia
presumably due to the causative virus, have been recorded (Warng, Neuberger
and Geever, 1942, Claudy, 1947).

Lymphocytic chorio-memngitis —Two fatal cases of a severe disease with
poeumonia, caused by the wirus of lymphocytie chono-memmgiis, have been
described by Smadel and his colleagues (1942)

Glandular fever —In severe cases of glandular fever i
radiological evidence of pneumonta may be detected (Wechsler, Rosenbtum and
Silk, 1946) Occasionally, 1n patients who have been regarded as suffering
from a pneumoma presumed to be of virus origin, a positive Paul-Bunnell test
may be obtained, suggesting the possibility that the disease had been due to the
vitus of infectious mononucteosts.

Best. - 4 ‘

PNEUMONIAS PRESUMABLY DUE TO UNIDENTIFIED PNEUMONO-
TROPIC VIRUSES
* Primary atypical pneumonia
From about 1930 onwards, as radtography came to be used more and more as a
13
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may occur  Constituttonal symptoms may be severe and include msomma and
delinmum, Lung signs generafly do not appear until after the fifth day ; they are
indicative of a patchy lobular hid showing a tend to spread and
become confluent  The consolidation may be more evident radiographically
than chimcally In spite of pul y lidati ysp is less
promunent than in bacterial pneumomas  The leucocyte couat 1s usually normal
or low

Course —The rtecorded mortality in severe infections has been between 35
and 40 per cent, though 1t 18 probable that milder cases pass undiagnosed  Death
occurs most frequently during the second or third week of the illness.

Pathology —The i 15 lobular in ch , and the alveolt show
considerable variation 1n their cellular content. The exudate consists chiefly of
mononuclear cells, lymphocytes, plasma cells and macrophages ; polymorphonu-
clear leucocytes may be present m the termunal bronchioles. The bronchial

15 di d 1 bodies may be seen in the large phagocytic
cells and 1 mononuctear cells i the alveolar walls, The mediastinat lymph-nodes
are enlarged. The liver may show centrilobular necrosis, The spleen 1s usnally
slightly enlarged, and incluston bodies may be seen 1n macrophages in the splenic
suuses.

Other vectors and related viruses

1t has now been shown that viruses of the psittacosis group may be carried
not only by parrots but also by other birds such as pigeons, finches, bam-yar'd
fowls and fulmar petrels, and may be transmutted to man from these birds 5 it
has also been shown that certain small mammals may be infected with 2 wirus
of the same group and transmit the disease to man The name, ornithosis, has
been applied to the disease transmutted to man from birds other than parrots.
The relation between the viruses concerned 15 obviously very close, but whether
they are vanants of each other or distinct species remains uncertain There
are well autt d of tr of the infection from human
patients severely ill with pneumonia caused by this group of viruses to ther *
attendants In general the clinical and pathological features of these pneumonias
are similar to those of psittacosss, as deschibed above A rather higher proportion
of mild infections has been reported than i classical psittacosis, but this may be
due to their having been discovered by specific investigation of groups of cases
of pneumoma of undetermined actiology, whereas psittacosis was not usually
suspected unless the patient was gravely ilf

Diagnosis
Clinically these cases are usually recogmzed 1n one or other of two ways.
Sporadic cases come to light as the result of routine serological nvestigation of
ias m which no bacterial agent can be identified. Localized
outbreaks of severe disease, with a pneumonia which 1s not due to any of the
known bacterial agents, may lead to the application of laboratory tests for the
identification of the causative agent
Demonstration of the virus, by mnoculation of sputum, pleural fluid or blood
intraperitoneally 1into mmce duning the acute stage, 15 the most positive way of
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PNEUMONIAS PRESUMABLY DUE TO UNIDENTIFIED PNEUMONOTROPIC VIRUSES

Course.—~The seventy of the illness varies greatly, even n focalized out-
breaks 10 closed commumtes, 1n which there 15 a reasonable presumption
that the aetiological agent 1s the same in all cases In such outbreaks some
cases may show no more than an upper-respiratory infection, others show
evidence of mvolvement of the bronchi without pneumonia, others present
as a rather more severe tliness with radiological evidence of Y hd;
tion but relatvely brief fever, while a small number of patients have severe and
prolonged 1iliness with extensive pulmonary consolidation  In general, 1n such
outbreaks the milder cases predominate The mortzhty ts extremely low, but
a few fatal cases have been reported

Stgns —The physical signs vary with the severity of the disease  There may be
evidence of mflammatory changes in the nose, pharynx, fauces and larynx  In
the lungs, some cases never show abnormal physical signs at any stage, others
show no more than scattered rhonchi , others show focalized areas of impaired
percussion note, weakness of breath sounds and riles, while 1n others signs of
frank consolidation may develop  The physical signs may be vanable from day
to day, they may show very poor correlation with the extent of radiological
changes In a small minonty of cases the spleen 15 palpable, generally at the
beginning of the illness

Radiograpluc changes —In genera), radiographic changes become evsdent only
severat days after the beginmng of the 1ilness, usually from the second to the fifth
day Two main types of change are observed In one group (Figs 28-31) the
shadows are locahized, usually not involving a whole lobe and sometimes ivoiving
parts of two or more lobes , they then present as homogeneous shadows with sll-
defined edges, not usually cotresponding to an anatomucal lobe or segraents,
although occasionally a lobar or segmental distnbution 1s obsersed. A rarer
type of distribution, often associated with a more severe and prolonged iliness,
consists (n smafl foer of consolidation scattered over more or less extensive areas
of the fung fields , this is the so-called ™ dissemnated focal ™ form  Occastonally
changes of both types are observed 1n the radiographs

Complications —Complications are usually rare  Local complications, such as
empyema, are very rare; when they occur they are due to secondary bactenal
infection  The most important complication, although st s extremely rare, is
mvolvement of the central nervous system, presumably by the same virus as 1s
responstdle for the pneumoma, various forms of encephaliis and memsngo-
myelhitis have been desenibed clinically and scen at necropsy  An acute haemalyuc
anaemsa 15 a possible though y rare BRLECY. a
mamfestation of an extreme degree of * cold agglutinauon ™ (see befow), 1 which
the cold aggluunin amounts to a haemolysin and gnes nise to intravascular
hacmolysis in the cold extrermines
Pathology

The number of necropsies recorded on cases of pneumonia which were shown to
be neither psittacotic nor rickettsial 1 ongin, and 1 which there 1s good evidence
that they were due to uandeatified pneumonotropic viruses, 1s imited Although
the chinges reported vary somewhat, certain general features can be made out
There is usually a desquamating bronchitis 1n the larper bronchi, often with
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routine part of the investigation of chest disease, 1t became clear that a large
number of ether app ly muld or d ly severe y i
mught lead to the devel of a i { by the acute
p iated with bacterial pneumonias  From about 1940
onwards, there has been a tendency to use the term, * primary atypical pneumonta,
aetiology undetermuined "', to describe these cases, and 1t has been assumed
frequently that the cases so described have been due to nfection with pneumono-
tropic viruses, even though attempts to 1solate such viruses have generally been
unsuccessful

The 1linesses wiuch have been so described have been of very varted severity.
Undoubtedly, especrally among the earlier descriptions, there have been included
some outbreaks due to viruses of the psittacosis group and to rickettstae ; but,
excluding these two specific types, the residue of the group still includes cases
of very varted clinical prctures  In general, the illnesses have started with evidence
of upper-respiratory infection and fever, the relative prominence of the respiratory
and the constitutional symptoms varying widely The common factor which
umtes the cases tnto a group ts the evid of pul Y lid: of very
varted distribution and type, and often detectable only by radiography. These
consolidations cannot be shown to be due to any of the bacteria known to cause
pneumonia, thesr course 1s unaffected by treatment with sulphonamides or
pemcillin, and they are rarely of lobar distributipn The prognosis is good
although the duration of the illness 1s rather vanable

It 15 probable that two farly distinct groups of conditions have been described
under this name The first which m Great Britain 1s probably the larger, is
composed of cases which are examples of localized asp P S
comphcating a varety of acute or chronic respiratory-tract mfections ; this
group 1s discussed on page 122 The second 15 composed of cases in which
there 1s good evidence to suggest that they are due to preumonotropic Viruses,
although these usually rematn unidentified It 1s with this second group that the
following description deals  The differential diagnosis of the two groups may be
difficult , the points on which, in the present state of knowledge, judgment may
be based are discussed below

1ly

F of pl d but i virus origin
Clitical picture

Symptoms —The earliest symptom may be an upper-respiratory mfection,
characterrzed by sore throat and coryza, on the other hand, in some cases
febrile symptoms predominate at the onset  Within a few days cough develops,
generally not productive at first, but later productive of scanty mucotd or muco-
purstent sputom  Blood-stained or rusty sputum 1s rare  The cough 15 ofien
parotysmal and distressing  There may be pan and discomfort in the chest,
but these are rarely of a pleunitic type  The character and height of the fever
are very vanable  The pulse 1s generally raised in proportton to the temperature,
but the resprration rate 1s only shightly raised, 1f at all, in contrast with what is
observed 1n bacterial pneumontas  The duration of the febrile period varies
from a few days 10 4 or 5 weeks
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RICKETTSIAL PNEUMONIA

the most firmly established.  However, this virus is difficult to work with, and the
Hiness associated with 1t app2ars to be muld and to have a relatively low incidence
of pneumonic changes It ts hughly probable that other agents as yet unidentified
are responsible for the majority of cases 1n this group  Experiments 1 human
transmssion have provided suggestive evidence that a virus causing prieumonia
can be transmutted from man 10 man, but the results of the published experiments
shoutd be 1nterpreted with considerable caution

* Inclusion-body > pneumomas i infants 3

Adams and his associates have reported an several epidemics of pneumoma
10 infants, which they believed to be of virus ongin (Adams, 1931 ; Adams and
his co-workers, 1942)  This view was supported by the epidemiology and by the
presence of cytoplaste inclusion bodies 1n the epithelial cells of the respiratory
tract  Attempts to isolate the presumed virus have, however, been unsuccessful
Diagnosis

The diagnosis of a pneumoma of this type can usually be reached only by
exclusion  The clinical prcture may be suggestive  The presence of radiological
changes indicative of fairly extensive p In a patient with relatively
mid y symp 15 sugel , especially if there 1s & prolonged course
distingwshing the condiion from a locahzed aspiration pneumonia  Other
forms of pneumonia are excluded by the fmlure 1o find causative agents, appro-
priate tests for and should be done
before concluding that a pneumomnia belongs to the group of those due to un-
wentified viruses  The presence of a fugh and nsing titre of cold agglutimins,
or of aggfutinins aganst streptococcus MG, is a pont of value in confirming the
diagnosss, but its absence does not megate the diagnosis  Failure to respand
to sulphonamides and peniaillin 1s also a suggestive point, but, of course, 15 not
diagnostic, because several of the rarer forms of bacterial pneumonia, as well as
rickettsial and psittacotic pneumontas, also fail to respond adequately to these

agents, The of p due to
tropic viruses from ocalized aspiration pneumomas is discussed below
Treatment

These pneumomas usually respond f. bly to hi h
and terramycin

RICKETTSIAL PNEUMONIA
Tn the various forms of typhus fever, lung changes due to the causatnve nickettsia
may be inadental findings m severe cases, but they probably contribute htile to
the total chmical picture of the disease  On the other hand, the lung changes
associated with Q fever, a tickettsial disease of much mulder character, are an im-
portant feature of the illness, which, 10 fact, 15 frequently dingnosed as an
** atypical pneumonsa ™.

QQ fever was first desenbed in 1937 1 Queensland (Australta) and resembles a
mild form of typhus with extremely fow mortality . it 1s transmitted, like typhus,
by an arthropod vector from small mammals A simfar slness, caused by a
uchettya having similar charactenstics, was descnbed 11 Montana (USA)

n
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purulent exudate, while in the smaller bronch the exudate contains mononuclear
cells  The interstinal tissues are usually nfiltrated with mononuclear cells, and
n some instances there are changes i the smaller bropchial arteries—cither
necrosis and cellular infiltration of ther walls or thrombosis. In zones of con-
solidation, the exudate 15 mainly mononuclear Bacteria, 1f present, are found
only n the larger bronchi, where they seem to be responsible for the polymorpho-
nuclear exudate

Cold agglunnins

In some cases of this group, the blood shows the phenomenon of * cold agglu-
tmation ™ This consists 1n auto-agglutination of the red cells by the plasma
as soon as the blood reaches room temperature, and 1s reversible on warming
the blood again to body temperature It has been recognized for many years
as a rare anomaly, occurnng in certain blood dyscrasias, in some forms of
penipheral vascular disease, and occastonally in hepatic and splenic discase;

P P A LRy e
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of the highest titre at which a duution of the patient’s serum will agglutinate norml
group-O red cells on exposure to cold If cold agglutinins appear in a case of
P d virus the titre g lly starts to nise during the second
week of the illness, and possibly only after clntcal recovery; it reaches fis
maximum during the third or fourth week

The phenomenon, howewver, 1s 1nconstant Some outbreaks of _presumed
virus show a high d of * col ion ”’, and in these 1t
has sometimes been observed that patrents with muld tllnesses, confined to the
upper fespiratory tract and never mvolvsng pneumonid, develop 2 high titre of
cold agglutimns In other outbreaks, which otherwise seem little different,
“cold agglutination ” appears not at all or only rarely Thus, although the
development of a high and rising tetre of ¢old agglutinin 1n 2 case of pneumonia
lends support to the hypothests of a viral origun, the test 1s not specific, and the
absence of cold agglutinins does not refute this hypothests

The appearance of an agglutinin for some stramns of indifferent streptococel,
notably that designated MG, has also been observed n some cases of pneumontas
of this group , 0 general the appearance of this phenomenon seems to be related
to the appearance of cold agglutinins  Although the streptococcus )v:l‘G }1]5 a
stramn orgmally isolated from cases of ** primary atypical pneumonta *, there

1s nothing to suggest that this organism has any causative relation to the dIs:.’l?t.
and the of the of agel agawnst it remains unknown

Aeuology i
Many attempts have been made to 1solate spectfic viruses from patients s ening

from pneumonias of this group This work has been much hampered by lhlt
presence of many latent pneumonotropic viruses n the expenimental amma{:
(mice, hamsters, cotton-rats and rabbits) commonly used Of all the a};c};l
reported, that tsolated by Eaton and others wn 1942 and subsequently (a‘bi’
completely investigated (Eaton, Metkleyohn and van Herick, 1944), seems 10

1ns




Fic 32.—Pneumonia due
to R burnent (Q fever),
stxth day of iliness The
apical localmzation 15 un-
usual, but the consolida-
tion may be at any site

Fic 33 —Same casc as in
Fig 32, one month later,
showing complete  resolu”
uon




THE PNEUMONIAS

in ).938, and 2he4ﬂckcttsiae of the Austealian and American cases were shown €
be identical ; this organism has received the name, Ricketista burneti.

Epidemiology

The gext step m the recognition that R. surneti might be a cause of obscur
preumome alnesses arose when a number of outbreaks of febrile disease
2 ated with p i lidations, eccurred in workers in laboratorie
in which the nckettsia was being investigated, and these slinesses were shows
tobeduetothe orgamsm.  In 1946 an outbreak of a febrile liness with preumoni:
was obsarved n Ametican troops returting from Italy, and was shown to be du
o Q fever. At the same tume, serological invesugations showed that severa
outbreaks which had occurred among troops m Italy and Greece, and had beer
generally diagnosed as * atypical pneumonia”, were due to the same cause
Moreover, considerable proportions of small groups of the civihan populatios
10 the areas in which these epsdemics had oceurred were shown to have sigmficant
tires of complement-fixing antibodies agmnst R burnett, Other retrospective
serological investigations have shown that outbreaks of so-called * atypreal
poeumonia ” in New Zealand troops 1a Italy had probably been due to Q fever.
Subsequently it has been shown serologically that Q fever is probably locally
endemic in widely scattered parts of the world. Several endemic foci have been
found 1 Great Btain, and small outbreaks as well as sporadic cases have been
reported.

The exact source of infection m most of these outbreaks is unknawn  There 18
suggestive evidence of close contact with cattle 1 most cases ; richettsial antis
bodies have been demonstrated in the blood of cattle, and R bdurneti has been
1solated from milk Tt is possible that, although direct mnsmlssm‘n by an

SRR ot

wfection into the human subject, 1 most instances, through ine 1espualony
tract, in 1nfected dust or mn other particulate matter. Infection has been acquired
in some instances by handling mfected eggs m 1es or by simple

at post-mortem exarinations on fatal human cases

Chrical picture and diagnosis .
Chnical aspects —The seventy of the symptoms 1 eases of preumonia due to
R. burnet: is variable. In most cases the onset 15 abrupt with malaise and chilly
sensations ; the fever 1s variable in duration from 4 days to 2 or 3 weeks; severe
T Se--tasetaancer  &part from anorexa, gastro-intestinal
, commonty develop after several
s B In some outbreaks pleurite patt
has been descnbed.  The physical signs in the lungs are usuaily much less remark-
able than the radwgraphic appearances. About the fourth day, localized riles,
impairment of percussion note or weak breath sounds may be found in any part
of the lung fields Radiography shows diffuse ill-defined shadows in one Of
both lung fields (Figs 32 and 33). In some cases the iliness consists only of a brief
fever without evidence of lung involvement. I a few cases enfargement of the
spleen has been reported, but this appears to be rare,
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THE PNEUMONIAS

Diagnosis—The d of rickettsial i 1ab
ﬂndlpgs The most generally useful are rick ‘de.pends “nprcn )l v
fixation tests. which show a ise in titre during the second week and reach their
peak several weeks fater. T order to establish the diagnosis as firmly as possible,
2 comparison of the titres of sera taken during the acute stage (that 15 to say, the’
first week) and during the third week or later 1s destrable Occasionally it }nay
be possible to 1solate the nickettsia by animal moculation with blood or Serum
during the earlier stages of the illness  Cold agglutinins do not appear in the
blood—a point which may be sugg md ishing Q-fever
from some of the pneurnomas presumed (o be due to unidentified pn:u;nonotropic
viruses (see page 113)

Course and treatment

The mortality 1s very low. The infection does not respond to penicillin or
sulphonamides, but the fever can generally be cut short by administration of
aureomyctn, terramycin or chloramphentcol

ASPIRATION PNEUMONIAS

Aspiration pneumonias are due to faiture of the normal defences of the réspreatory
tract, allowing organisms not specifically pathogemc to gain access to pulmonary
acim  These pneumomas are a consequence of the obstruction of lobufar,
segmental or fobar bronchs by infected secretions or irntant or infected unorgamzed
matenal from outside the resprratory tract, and are thus closely related to atelectasis.
They can be divided 1nto three groups * (1) diffuse, (2) localized and (3) suppurative.
The Jast conshitules an important group of Jung abscesses, and are not considered
further 1n this section

Diffuse aspiration pneumonias
Diffuse aspiration pneumomas can be divided nto two principal types, (1)

hypostatic and (2) inhalational

Hypostatic pneumontas

These arise n patents enfeebled by severe ilfness, especuatiy after long confine-
ment to bed, and 1n the aged  Feeble respuratory movements of the diaphragm
and chest wall, together with depression of the cough reflex, gn:{ble sscrcuons to

A om

and may nclude pneumococct, usually of the mgrer WPos  raws 4 gy
)} bri p! develops , 1f the condition 1s not relieved
it may become confluent, An intercurrent upper-respiratory infection is some-
times a contributory factor m the satiation of the pneumoma. The gravity of
the clinical picture depends principally upon the gravity of the primary illness
Hyp 15 iy a terminal event.
Clinteal features.—~With the onset of a hypostatic pneumonia, the chief symptoms
are (1) a feeble, largely ineffective cough, (2} dyspnoea and (3) cyanosis. The
temperature, which may have been elevated by the primary disease, may or may
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fustory 18 that the pauent has had 2 ecent cold 1 {he 1o »ord sinilat acute
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expecto

The symptoms may not be very distinetives suggesting only an acute uspumory
a more common

expecteds and some ymes B tocahzing sign 15
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£ns v
Rndxogmphv 15 usually necessary 1© establish the d1agnosiss and unttd r-\dlogﬂphy
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F16 34 — Aspraton
Preumonia in asso-
clation  with  oeso-
phageal pouch

FiG 35 —Asptration pneumonia
'm a man aged 55 who had no
dyspeptic symptoms
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THE PNEUMONIAS

Fic 37 —Localized aspiration preumonra This occurred im a man who had
a respuratory mfection of “ common cold * type, after @ batbiturate had
caused a ught's deep sleep tn which he had lain on his back

as routinely used in the investigation of such conditions, their true nature
:matned p d Rad hy shows sub-lobar areas of lid.

hich can be shown by exammation 10 two planes to be segmental 1n distrbution
igs 37-39) The consolidation 1s not necessarily umform throughout the
ffected segment or segments , 1t may be diffusely lobular in distribution within the
:gment from the beginning, or, 1f radiography ts not carried out until late m the
surse of the disease, the opacity may be mottled because of irregular resolution
ad re-expansion within the affected segment

athogenesis
The most reasonable hypothesis to account for these pneumontas is that

ey are due to bronchmal obstruction by mucus, followed by the develop-
lent of an atelectasis of the part of the lung supplied by 1t, infected by organtsms
hich chance to be present in the mucus That mucus can, m fact, trickle down
ito the bronch: during sleep 1s suggested by the observation that rodized otl,
ropped 1nto the nose of a sleeping person, can be shown radiographically
» be present n the fungs on the following morning In many cases, the
surse of events leading up to development of a localized aspiratton pneumonia
intiated by an upper-respiratory-tract mfection presumably of virus ongin,
ut there 1s 1 these cases no evidence to suggest that the pneumoma atself 1s due
126
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penign cOUrse of the aspiraton preumonid wilt gcnem\\y feadtod correct iagnosis
withaut undue detay.
Treatment

Treatment 15 O genem\ fines  Most patients are not geutely M and are usually
ambutant, and for them SUP des and antibiotics asually not required,
since the snfection 18 not spearfic Symp(oma\\c tx ent for roublesome

< b The more Jft patients maY require

or a few days. and 1 such €ases q short cOuTsE of a swtable
su\phomxm\de or of pcmc\l\m may be adwisable n v,:ncml. breathng exercises
10 encourage re-expansion of the \nfected atelectatic segment will do mote than
any other measure 10 hasten resolution 1t 15 MOSL 1M ortant 10 venfy complete
resolution sadiofogieallys 17 yiew of the many differenual dragnosiic problems
which may anse,

TREATMENT OF \’NEUMON!AS
1n dealing with the pmcucn\ problem of the reatment of a case of pncumama,

t vt the infecung agent is known with certainty at the peginmng
- <~ enle SteDS which maY 1ead to the sub-
-t . 1 - hy methods
. - necessary
1 L . about the
: e ' . appheable

f Suspie 5 and with
- o openf HREUMOond,

General measures npphcﬂble tu o .

The pauent with acwie preumonia must be kept 1© ou e 1 P adequate
nursing cre Methods of spearfic tre at are NOW sO effective 1 mOst fotms of
preumonid that the majonty of patents €an pe nursed SW fully at home
Nevertheless, of there 18 20Y ‘doubt about the feasbriity of this, oF if there 3s any
reason to fear that the course witl be comphicated, 3 deaision should be made
as catly 38 poss\hlc whether the patient 15 10 be nursed at home or M hospital
The disturbance agsociated with moving & patient \ate, after auempts at specrfic
{reatment have farled ot cOMF +ons have ansen: 18 much greatet than that

assoctated wth transfer 10 hospital &s soon as the diagnost 15 made
o eime I QNY €35% the pauent should occupy & \\c\\-\enu\a\td toom.
e P cauable temperatue at about 65 F Most
. - whmilows but some

. hould deade the
' ' qanges of position
- ' L orects In addimon

' a tecord of fmd intake

= Ve L] . - - whonamide

(] TR A ' oo . equently
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THE PNEUMONIAS

toavirus, similar localized asprration pneumonias occur in the course of chronic
catarrhal affections not assoctated with any specific infection, such as chronte
bronchitis, asthma and nasal stnusitss :

Relation to lung abscess —One of the commonest types of lung abscess is
mrated by bronchial obsﬂtruction by infected secretions, and may in fact be
oo - . 1s process has been
' be refers to it as

'rial flora of the
e e .

wamaadad 2

obstructing material and i tha natiant’e sen o aed tanar
the type of lesion wht
the benign localized .
suppurative lestons

obstruction by infected endogenous secrettons clarfies many problems in the

pathology of the lungs

Prognosis and diagnosis

The course 1s usually benign, the consolidatton clearing up without incident
within a few days or weeks Many patients with such lesions are treated by
general practitioners and given a diagnosts of “ feverish colds ™, ** bronchitis ™,
“ pleurisy * or * abortive pneumonia *, because, unless radiographs are taken,
the lung lesion 1s unlikely to be detected. Often the condition first comes to
light when a patient whose * cold ” seems to be slow 1n cleanng up, but who
has been ambulant throughout the 1iliness (except perhaps for a day or two),
1s referred by hus doctor o a consultant

Dyferential diagnosis —This 15 important, Localized aspiration pneumonias
must be distingwshed (1) from specific pneumomas, bactenal and wirus, (2)
from pulmonary tuberculosts, (3) from supp e ias or lung at
and (4) from new growths of the bronchus

The history and the absence of acute illness serve to distingursh the conditton
from acute specific preumofuas 1n most instances  The failure to find appropriate
bacteria 1n the sputum 1s helpful i the diagnosts from bactertal pneumontas

and produce a more severe iliness, often in
d form A diag of p due to an fied

vitus 1s more likely when 1 p are pre
of the lung lestons can be shown to be non-segmental , 1t may be supported by

the finding of a high titre of cold agglutnns 1n convalescence, and by the presence
of a Jocal epidemic of sumilar cases.  The ds Lfrom P Y ulost
. . D T o D, s o as antomin fantan

and if some

stage of a suppurative pneumona t
possibly more severe iiness, as

lungs start by exactly the same m

1:fescs!ed nlele);tasxs, :nd 1 many mstances only observation and senal radio-
graphy will determne whether or not the fesion will suppurate. New growths
of the bronchus are simulated only by the more extensive loqahzed aspiration
pneumonias ; n such a case br may be of diag value, and the
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TRFATMENT OF PNFUMONIAS

in a dose of 2-3 drachms (7 5-11 0 millilitres) 10 a mixture flavoured with syrup
of orange or mn § flmd ounce (30 nuilikitees) of whisky or brandy ; :lfcma(xvely,
paraldehyde can be given per rectum, 4-6 drachms (15-22 S millilitres) in 6 ounces
(180 muilitres) of water

Control of delirium —Delirtum may require treatment, Rehef of pyrexia by
tepid sponging and of anowia by oxygen adnumistration may be effective  Pheno-
barbitone soluble (Sodium Luminat), 1-2 grains (60~120 milhlitres) subcutane-
ously, or paraldehyde per rectum, as suggested above, may be helpful, To patients
known to be alcohol addicts, whisky or brandy, # fiuid ounce (30 milifitres)
four-houtly should be given 1f there 1s delinum , otherwise alcohol 15 of no value
1 the treatment of pneumonia

Control of cough—Distressing and 1neffective cough should be controlled
with a suitable linctus contmming codetne, or, 1h more troublesome cases, Physep-
tone or diamorphine {d imorphine, heroin) A prod cough is to be
encouraged by supporting the patient dunng bouts of coughing, by simple
postural methods 1f the general condition petmuts, and by the reliel of pleural
pam

Treatment of meteorism —Abd di may become bl
n such cases treatment should be started with admmstration of a simple soap
enema, and the passage of a flatus tube  1f these measures are not sufficient,
turpentine or tile enemas and the admmstration of prtustary extract (0 5 muih-
Titre), or of P g 1 mil b may be effecctive  The
administration of otygen, in a concentration as near 100 per cent as possible,
from a BL B, or stmlar mask, may lead to diminution of the distension by
causing absorption of the gases into the blood stream

Ox\gen ~The 2 of 1s due to factors of
saveral sarts, some of which can be releved by admimstrabion of oxygen It
15 probably responsible for many of the so-called toxic symptoms To any
cyanosed patient, therefore, oxygen should be administered by an effecuve
method  This applies particularly to those forms of pneumonia which are
complicated by much bronchitis, An efficient mask of the BL B type, or a
tent, should be used.

H far  svstem —P affect the heant mamly ndirecily,
through penipheral svascular effects and through anowia, although there may
be some direct tovc effect on the myocardsum  There 15 no jusufication for
the routine use of drugs alleged to have an effect on the heart  In particular,
dignalis should be given only if an abnormal thythm develops, and should
1then be used in the manner appropnate to the treatment of this condmon  The
form of circulatory collapse most commonty seen in patients gravely Wi with
pacumonia presents a picture of faliing blood pressure With a nsing regular
pulse rate  Diguals and simidar drugs have no effect m cases of this sort
Analeptics, such as camphor, mhethamde, and Cardiazol, are widely used to
combat this condition , but since its essential cause 13 a penpheral vasomotor
!‘:\lurc. and since any simulating effect 1hat may be produced by these agents
is of central ongm, their value s doubtful  Adequate oxygen therapy and the
adminustration of glucose are the most ranonal procedures
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THE PNEUMONIAS

and should be employed. It should be remembered that all drugs used
symptomatic treatment can have some undesirable effects, and no such dr
should be prescribed unless there 13 a real indication for 1t.

Diet —In the acute stages of pneumomas, the patient usvally has comple
loss of appetite and, as the duration of the disease 1§ short, there 15 httle point |
attempting to force unwanted food upon hm, provided that an adequate intal
of flud and carbohydrate 1s mamtaned  For an adult, a total flud intake
about 2,500 milblitres (4 pints) daily 1s suitable. Part of this may be given i
the form of drnks sweetened with as much glucose or cane sugar as the patient
taste will permut, flavoured with Jemon or orange or grape-frutt juice, and mad
up with plain water or soda-water to taste. Mulk, hot or cold, preferably wit
extra sugar added, and flavoured 1 any acceptable way, may be grven, but nc
more than 2 pints datly  If the patient does not like sweet drinks, lactose may b
used tn hus drinks 1nstead of glucose or cane sugar, lactose may also be usefu
1n cases with abdomunal distension, because 1t gives rise to less intestinal fermen
tation  Eggs, cereals, custards, thin buttered bread or toast, fish, minced leas
meat or chicken, mashed potato and vegetable purées can be added when th
patient’s condition permuts I 1t becomes clear that, on account of a comphica
tion such as empyema, a prolonged febrile illness s Iikely, the diet should be
more strietly controlled, with due attention to calonie and vitamun content

Refief of pamn—" + e e L PR
in the form of a } .
such a way as to ' .
severe, morphine or other optum derivatives or pethidine may be required (se:
pelow) Occasionally the pleural pain may be extremely severe, and 1f m such g
case 1t 1s well localized the mnjectton of 5-10 mullthtres of 2 per cent procaine,
just external to the parietal pleura in the painful area, may be helpful.

Relief of sleeplessness —If msomma 15 not due to pleural pain, adjusting the
patient's positton, making lum comfortable 12 bed, and giving a hot drink and 2
ssmple hypaotic may be sufficient to secure sleep. In this case, the well-tried
combmation¢”™ © 7T T 77 4~ prains (1-2 grammes)
of each, or a ' }-6 grams (0-18-0 36
gramme) may ss, pleural paint and
wriating unproductive cough, however, often demands the use of morphine or one
of its analogues to secure sleep. The oaly danger of these drugs anses from their
depressing action on the respiratory centre and on the mtestinal motihty, Hence,
for patients with cyanosss due to a2 complicating broachutis, or with aay tendency
to abdominal distension, their use should be avotded For all other patients
morphine, {~} gramn (10-15 mulligrams), or pethidine, 25-50 milligrams hypo-
dermucally, can be used quite safely, 1f necessary, to secure sleep. If incflective
cough 1s the chief obstacle to sleep, codeine phosphate, 3-1 grain, {30-60 mill-
grams) may be sufficient  If 1t 1s considered necessary for the relief of pam and
to secure sleep to give morphine to a cyanosed patient, oxygen should atso be
given by au efficent method  If there 15 so much comphicating bronchitis of
severe abdomenal distenston that morphme and 1ts analogues are contra-mdicated,
paraldehyde is generally the most useful hypnotic. 1t may be given by the mouth
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TREATMENT OF PAEUMONIAS

1n a dose of 2-3 drachms (75~11 0 mflilitres) 1 a mixture flavoured with syrup
of orange ot mn § flud ounce (30 ouffiitres) of whisky or brandy , alternatively,
paraldehyde can be given per rectum, 4-6 drachms (15-22-5 mullilitees) n 6 aunces
(180 mulhlitres) of water

Control of dehrium —Delinum may tequire treatment  Refief of pyreua by
1epid sponging and of anoxia by oxygen administration may be effective  Pheno-
barbitorie soluble (Sodium Luminal), 1-2 grams (66-120 mullilitres) subcutane-
- et cr * ' “ "' Topatents
- - . . 30 miibiitres)
. s of no valve

i the treatment of pneumoma

Control of cough —Distressing and meflective cough should be controlled
with a suttable linctus contatnmg codesne, or, 1n more troublesome cases, Physep-
tone or dumorphine {diacetylmorphune, heroin). A productive cough 15 10 be
encouraged by supporting the patient during bouts of coughing, by simple
postural methods if the general condition permits, and by the selief of plevral
pam.

Treatment of meteorism ~—Abdomnal distension mny become roublesome
In such cases treatment should be started with admumstration of a simple soap
enema, and the passage of a flatus tube  If these measures are not sufficient,
turpentine or twle enemas and the admimstraton of puuntary extract {0 5 mudh-
litre), or of P @ may be effective  The
administration of oxygen, 1 a concemtralion as near 100 per cent as possible,
from a BL B or simdar mask, may lead to diminution of the distension by
caunng absorption of the gases into the blood siream

Oxygen ~The of p 1s due to factors of
several sorts, some of which can be releved by admmstrauon of oxygen It
is probably responsible for many of the so-called toxic symptoms To any
cyanosed patient, therefore, otygen should be admumsiered by an efective
method  This applies particularly to those forms of pneumoma which are
complicated by much bronchitis, An efficient mask of the BLB type, or a
tent, should be used

Cardiovascular  system —Pneumonias  affect the heart moamly ndireaily,
through penpheral vascular effects and through anowa, although there may
be some direct toxic effect on the myocardm  There 18 no justification for
the routine use of drugs alleged to have an effect on the heart  In particular,
digitalis should be given only if an abnormal rhythm develops, and shoatd
then be used 1n the manner to the of this cond: The
form of y coflapse most seen 1n patents gravely il with
pneumonia presents a picture of falhng blood pressure with a risg regular
pulse rate  Diptals and simiar drugs have no effect 1n cases of this sort
Analepucs, such as camphor, nikethamide, and Carduzol, are widely used to
combat this condition , but since 1ts essential cause 13 a penpheral vasomotor
fatfure, and since any stmufating effect that may be produced by these agents
15 of central origin, their value 1s doubtfu}  Adequate oxygen therapy and the
admuusteation of glucose are the most rational procedures,
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and should be employed. It should be remembered that nll drugs wsed in
symptomatic treatment can have some undesirable effects, and no such drug
stould be prescribed unless there 1s a real indication for it.

Dier.—In the acute stages of pneumomias, the patient usually has complete
Yoss of appetite and, as the duration of the disease 1s short, there is hittle pomnt in
attempling to force unwanted food upon him, provided that an adequate intake
of flmd and carbohydrate 15 maintamed  For an adult, a total fluid intake of
about 2,500 mulhitres (4 pints) daily 15 suitable. Part of this may be given in
the form of drinks swestened with as much glucose or cane sugar as the patient’s
taste will permit, flavoured with lemon or orange or grape-fruit yuice, and made
up with plain water ot soda-water to taste  Milk, hot or cold, preferably with
extra sugar added, and flavoured 1n any acceptable way, may be given, but not
more than 2 pints daily.  If she patient does not like sweet drinks, lactose may be
used 1 s drnks instead of glucose or cane sugar ; lactose may also be useful
in cases with abdominal distension, because 1t gives rise to [ess intestinal fermen-
tation, Eggs, cereals, custards, thin buttered bread or toast, fish, minced lean
meat or chicken, mashed potato and vegetable purées can be added when the
patient’s condition permuts 1 it becomes clear that, on account of a complica-
tion such as empyema, a prolonged febnile illness 15 likely, the diet should be
more stnictly controlled, with due attention to calone and vitamin content,

Relief of pan.—Pleunt Y Temee Sl
in the form of a kaohn
such a way as to avoid
severe, morphine or other opium denvatives or pethidine may be required (see
below) Occasionally the pleural pain may be extremely severe, and if in such a
case it 1s well localized the injection of 5-10 nulliitres of 2 per cent procaine,
just external to the parietal pleura 10 the panful area, may be heipful.

Relief of sleeplessness —If 1nsommia 15 not due to plevral pam, adjusting the
patieat’s posttion, making hum comfortable 1n bed, and giving a hot drink and 3
simple hypnotic may be sufficient to secure sleep In this case, the well-tned
combination of chloral hydrate and potassium bromide, 20 grains (} 2 grammes)
of each, or 2 sunple barbiturate, such as Sodiwm Amytal, 3-6 grains {018-036

may be suffi The t of restl pleural pan and
1eitating unproductive cough, however, often demands the use of morphine or one

of its anatogues to secure sieep  The only danger of these deugs arises {mt;li lheir
- Ty ity Hence,

sicall \ u fectine
dermically, can be used quite sately, it necessaty, (o sevwt v - N
cough s {he chief obstacle to sleep, codemne phosphate, §-1 grain, (36-60 rmll;
nmnwed mav he <nfficient  If 1t 1s considered necessary for the rehehf_of;p.:l’n‘a:"
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1n a dose of 2-3 drachms (7 5-11 6 mulithtres) in 3 muxture flavoured with syrup
of orange or 10 4 fud ounce (30 milliures) of wishy or brandy ; alternatively,
paraldehyde can be gven per rectum, 4~6 drachms (1522 5 mffiittres) m 6 ounces
(180 mliifutres) of water

Control of delirium —Deliram may require trealment. Relef of pyrexia by
tepid spongsng and of anoma by ovygen admmistration may be effective Pheno-
barbitone sotuble (Sodwurn Lomnal), 1-2 grams (60-120 muflilitres) subcutane-

- R . Tttt "7 Topatents
. 30 mthhiresy
1s of no value
in the treatment of preumonta

Control of cough—Distsessing and ineffective cough should be controlled
with a surtable linctus contatming codeine, or, 1 more troublesome cases, Physep-
tone or damorphine (diacetylmorphune, heromn) A productive cough s to be
encautaged by supporting the patient during bouts of coughing, by simple
postural methods 1f the general condition perrmits, and by the relief of pleusal
pam

Treatment of meteorism —Abdominal distension may become troublesorne
In such cases treatment should be started with admimstration of a simple soap
enema, and the passage of a flatus tube  )f these measures are not sufficient,
turpentine or bile enemas and the admunistration oF preuttary extract (05 mufhs
htre), ot of P 2t (1 md b ly may be effective  The
admumstration of oxygen, 1n a concentraion as near 100 per cent as passible,
fromt a BL B or similar mask, may lead to diminution of the distension by
causting absorption of the gases into the blood stream

Qxygen adr n —-The of p 15 due 1o factors of
several sorts, some of which can be relieved by admmstrauon of axygen. It
15 probably responsible for many of the so-calied towe symptoms  To any
cyanosed patient, therefore, oxygen should be administered by an effecine
method  This apples parttcutarly to those forms of pneumoria which ars
comphicated by much bronchitis  An efiicent mask of the BL B type, or 2
tent, should be used

Cardiovascular  sistem —Pneumontas affect the beart mamly mdirectly,
through penpberal vascular effects and throngh anoxn, although there o
be some direct touc effect on the myocardwum  There 1s no justification for
the routine use of drugs afleged to have an effect on the heart  In parigyter,
digitalis shoutd be given only of an abnormal rhythm develops, and :!',9'.'4;
then be used i the manner appropriate 1o the treatment of this condition, The
form of y coltapse most seen In patents pravely 51t ai:};
pneumoma presents a picture of falking blood pressure with a nsing rrgulsr
pulse rate  Digitabis and similar drugs have no effect i cases of i«‘“'s—um
Anxeptics, such as camphor, mkethamide, and Cardiazol, are widely pied w
combat this condition , bt stice 1ts essential cause 15 a penpheral Yeuormoto;
farfure, and since any stimulating effect that may be produced by these ;rrt!
15 of central osign, their value 15 doubtful  Adequate oxygen I}:cxe-;( pj‘,},z
admmustratian of glucose are the most rational procedures, > -
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Specific treatment
Pracucal considerations
In the case of apparently primary pneumonias of lobar extent, the pneumo-~
goccus Is 50 frequently the causative organism that, pending an aetiological
f:ainosxs, it 5 reasonable to treat all cases of this sort in the first instance a5
it they were caused by the pneumococcus; but, whenever possible, matesial
should be obtaned for bacteriological n before b z
Sputum, if a good specimen 15 available, 15 the best material and can generally
be obtamned by encouraging the patient to congh  If 1t is quite unobtasnable, a
throat or laryngeal swab may give useful informatton but is less reltable Lung
puncture is justifiable only for special purposes In any gravely afl patient a
blood cuiture should also be carried out before treatment is begun. If there is
any reason to suspect a virts peumonia, and appropriate laboratory facilities
are avatlable, a specimen of blood should be taken durning the acute stage, and the
serum preserved n the cold for possthle future serological tests ; ttres of the
various antibodies do not usually nise until convalescence, but the detection of a
nising utre, by comparison of acute-stage and convalescent sera, provides mofe
convincing evidence than does 2 single observation of a high titre during con-
valescence
Choice of specific remedy
The choice of specific agents having a wide range of activity 1s becoming rather
large, and dectsion will often be determined to some extent by questions of
lability and The sulph have the ad ges of con-
venience of admimstration, low cost and ready avadability There are several
sulphonamides effective against the p , the b 1 s
and, to a less extent, Staphylococcus aureus Therr disadvantages include (1)
therr tendency to cause toxic effects, such as nausea and vomiting, (2) renal
damage by precipitation of crystals of therr acetyl derivatives 1n renal tubules ;
{3) sensitivity reactsons, such as skin rashes, drug fever, and agrainulocy!osls' and
other blood disorders  They have no effect on viral or rickettsial pneumonsas.
Peniarllin has the advantage of almost complete freedom from toxic effects,
and of a wider range of acuvity agamst bactena, including staphylococet 3 ats
disadvantage 15 the necessity for admustration by tntramuscular mjection 1t
¢ meflective against Friedlander’s bacillus, aganst wiruses (with the possible

-3 -ess"a Anrgomycin,
' . . ainst bactersa,
. smcdlin; they
are also active against VITuses Of the psiitacvs-unmuis o - UP and those
it with dentified viral p. and against rickettsiae ; they are
admumstered by the mouth, and they have few 1owc effects There effectiveness
1 the various types of pneumonia, as compared with each other and with other
agents, 1s not yet fully established, but 1t appears possible that among them ma(y
be found the drug of choice for the treatment of most preumontas At presen ;
their high cost and scarcity in most parts of the world mulitate against thers gcn:ra!
use. The methods of admunistration of these vanous agents and any speciai
indications for theie use will next be considered
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than that of pemaifin or sulphonanudes, they have a special indication in
pneumormas due to viruses and 10 nckettsiae  The difficulty is that the diagnosis
of these pneumontas usually can only be suspected in the acute stage, awaiung
TELTosp proof by fogical 2 during Hence,
aureomyemn, terramycin or chloramphenicol should be given to any patient with
an acute pneumonta 1n whose case there 1s reasonable suspicion, on the chnical
grounds discussed in the description of the viral and rickettsial preumanias, to
suppose that the illness 1s due to one of them  Quite often, these clinical grounds
may nclude the fatlure of sulphonamides and pemeyliin to affect the course of the
disease after 48 hours or so of adequate dosage, especiaily if other drugs are not
readily available
An mvestigation of the relative value of aureomyein, chloramphenicol and
d with llin and sulph n the of patients
with 2 primary clinical diagnosis of pueumomnsa has been carried out under the
aegis of the Medical Research Counci] (1951)  The newer antibiotics presented no
advantage in statistical results over penwcillin, their side-effects were more
frequent and more troublesome ; and 1n the group of very ill patients in whom
the mortality 1s ighest, the fact that pemetllin 1s injected 15 a great advantage.
Hencs, it seems reasonable to attempt to reserve the newer antibiotics, as suggested
above, for those cases 1n which there 15 some evidence that the pneumonia is due
to an agent wmsusceptible to pemcillin

Indications for changing treatment
If there is 2 poor response to the chosen initial treatment, with no 1mprovemen:
e 4 = Lm e Al

poorly sensitive or not sensitive to the agent used, may ve presest Lol €t
Staph qureus 1n a patient under treatment with a sulphonamide, or Fredlander’s
bacflus 1 a patient treated with pemcillin {Xllemauvcly, there may .behno
bactenal pathogen 1n a patient under with a sulph ide or p thin
in this case, the cltnical aspects should be reviewed with special refcrcnjcc to the
possibility of a virns Whenever 1nd d by such 1

an appropriate change 1n spectfic therapy should be made  If there is no clear
mdication of the probable aetiology on these grounds, the dragnosis should be
seviewed, bearing 1n mund the possibilies that the pneumonia may be an acute
tuberculous one (which may not be shown by the duect exanunation of a
sputum-smear, which 1 the only source of bactertofogical information at this stage),
that 1t may be secondaty to bronchial obstruction by mew growth or foreign
body ; that 5t may be the earhest stage of a suppurative pneumonia or lung
abscess , finally, that acute tuberculous pleural effusions and pulmonary infarctions

are sometimes mysdiagnosed and treated mally as pneumonias If all these
ibil) can be fuded, local if pecially the early {syn-
- uld be considered ; 1f there is any

= 0 meme &) Adsvalanment of emovema, sho
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ate secondary to disease elsewhere: for example, to sub-phrenic suppuration,
to nfective endocarditis or to general pyaema

The treatment of aspiration preumonias

In these will be d dent upon which of the many
types of this group 1s under consideration In all pacumonias of this group
there 15 a considerable mechamcal factor, early attention to which may cause
rapid alleviation of the condiion before there has been any severe mvasion by
bacteri2, although infection by specifically invasive organisms may occur at any
stage
Localized aspiration pneumoria

In the mildest types, the locahized aspiration preumonias, the patient may be
ambulant and, 1n such cases, breathing exercises for a few days may be all that 15
tequired  1f the p:mcnt 1s rather more 1l with some fever, a few days in bed,
with simple su} or penellin and exercises, will
produce rapid recovery

Dyffuse aspiration preumonia

The uc.nmem of the more severe cases of d\l'{'utc asplml\on pncumoma may be

y the of p 1ve Y P!
Although 1n such cases 1t 1s wise |o stan as vmh apparently primary pncumomas,
by oblmmng material for b; and standard
deor penicilhin therapy, the mech i factors should receive immediate

careful attention The patient must not be allowed to remain constantly
1n the unfavourable posture which he will paturally tend to adopt He will
most often be found lying 1 the position which prevents lum from coughing :
that 15 to say, the position 1 which the affected part of the lung is least favourably
placed for the expulsion of secretions  He should be made to change his position
mto a more favourable (and probably less comfortable) one, and encouraged to
cough Voluntary deep breathing 1s helpful , adm\mstrauon of 7 per cent
carbon dioxide in oxygen may have a effect on
patients  No tight bandages, which might obstruct full respiratory movement,
should be permutted  Abdominal distersion, 1f present, should receive attention,
Only 1 specsal circumstances will more drastic measures, such as bronchoscopy
or bronchial suction, be required  If these measures to deal with the mechanical
factor result in rapid relief of symptoms and dnsnppcamnce of physnc:\l and
radiological signs, 1t 15 usvally safe to
If, however, this happy result does not ensue, 1t may be assumcd that infection by
an 1avasive orgamism has occurred, and treatraent simifar to that suggested for
apparently primary pneumomnia 1s indicated,
Treatment in convalescence

Convalescence after pneumonia proceeds at a very variable pace. 1In a case
of pneumococcal pneumonia of average severity, the patient may be allowed
out of bed after the temperature has been normal for 7 days  In cases of preater
or less seventy, longer or shorter penods of rest in bed are appropriate In
pneumontas of the asprration type, the patient should be allowed out of bed as
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soon as the geperal ccndmon permlts. Breathmg exercises wﬂl have bcen instituted
i aspiration ; during from acute
specific pneumontas they are helpful 1 hastentng the return of normal lung
function, and should be started soon after defervascence.

After resol appeats cl iy to bc plete, it shculd bc conﬁrmcd
radiographically. In any case of ap ly delayed |
should be carefully reviewed Loculated empyemas, bronchml new growths
{both malhignant and bemgn), foreign bndnes, pre-existing bronchxectas:s and
pulmenary tuberculosis should be d diagnosis, and
excluded, when necessary, by appropriate avestigations before accepting the
dragnosis of delayed resolution  Nevertheless, resolutton may exceptronally be
delayed and yet eventually prove to be complete as long as 10 or 12 weeks after
the beginning of the acute illness An adi period of the
duration of which will depend upon the sort of life to which the patient has to
return, should be enforced
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LUNG IRRITANT GASES

tton of the chest.  Nine cases were severe and required admission to hospital, but
even 1 these cases pulmonary oedema or pneumonia did notensue  Itis probable
that 1 Wotld War 1 oedema and preumonia ascribed to chlorine were due to
mxtures of chlonne and phosgene  There ts, however, other evidence both clinical
and expenmcntal reporting prieumonia

4 ey mmmamdaid ~ ablas ma naldens af Deanfle

damage A study of death certificates and sickness abs:m:cvsm shmvs no ex-
cesstve tendency towards the of chronic or

Gulchnist and Matz (1933) have made a study of the histories of 96 men gassed
with chlonine  Nine of these men had sympioms attributable to gassing, 7 had
doubtful symptoms and 80 had none  Of the © posttive cases, 5 had tuberculogis
(3 with co-exssung emphysema) and 3 had chrome branchetis (1 with emphyserea)
A clinreal and radiological survey made, by the witer, of other men exposed
constantly for 20 years or more to small concentratrons of hydrochloric and
sulphurnic acids, ammona and sulphur diovide, does not reveal any evidence of
pulmonary damage

Nutrous fumes may be encountered not only as the result of incomplete detona-

encountered as the result of accidentsinindustry  The fumes have a reddish brown
colour and consist of a mxture of mtric oxide and nitrogen peroxide  Exposure
te autrous fumes, mekel carbonyl and phosgene causes less itritatton of the upper
respiratory tract and the mitial symptoms are often shight  The patient may be
quute free fmm symptoms an hour after gassing and considerable difficuity may be
g the Pulmonary oedema may
anse suddenly, lhc p:mcm becoming restless, pale and collapsed  The complevion
is " leaden grey,” the skin clammy, and the putse rapid and weak Cough s
associated with coptous watery expectoration and there 15 a rarsed respiratory rate
The production of pulmonary oedema after a latent pertod 1s an extraordimnary
development (Fig 40) Some damage must occur to the capdlary endotheltum
and alveolar walls, but this 15 certamly not wseparable  Many factors may be
invelved , engorgement of the lungs with blood, diatation of capillaries with
increased with lymphattc drainage, Itb of h
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PATHOLOGY

Pertussts is essentially a disease of temperate climates, being rare and less
severe 1n the tropics  The disease may occur at any time of the year, but the
maximal incidence 15 in winter and sprng (Fig 44) It occurs in epidemics but
between the epidemics 1t 1s always endemuc.  The disease is more prevalent 1n cities
and mdustrial areas than in rural districts  Epidemics with high mortality tend to
oceur in cycles of 7-10 years sn tsolated commumtes. Whooping-cough may
occur at any age, but new-born infants are particularly susceptible Most

7000,
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Fic 44 —Graph showing the madence of whooping-cough
m England and Wales from 1942 t0 1951 (By courtesv of
the Lditor of the Brinsh Medical Journal )

children are born with circulating antibodies, but these quickly disappear  More
than 50 per cent of the clildren in England have had the disease before they go
1o school  After the age of 5 years, 1ts maidence gets progressively less, but 1t
15 sometimes seen 1n the elderly, even over the age of 70 years. It 1s shightly
more common 1a females than in males  Whooping-cough has frequently been
observed to follow an attack of measles  Second attacks are so extremely rare
as to be considered for practical purposes non-existent ; abortive attacks occur

The incubation period 1s uncertain, but patients should be 1solated for 5 weeks
from the commencement of the whoop, while non-immune contacts should be
1solated for 3 weeks

PATHOLOGY

nhlteation of this area by polymorphonuclear leucocytes  In the lung itself there
155



WHOOPING-COUGH

develops vesicular and intersutial emphysema as well as patchy areas of collapse.
There is perib ial and perit olar infiltration, and this peribronchiat
cellular reaction extends from the hilum along the bronchial rays to the middle
ot outer zone of the lung. In more advanced cases, there is a typical interstitial
pneumonia with thickening of the alveolar walls and 1nfiltration with monocytes.
Collapse of areas of lung'rcsl_:lls from the blockage of bronchioles with catarrhal

Tel B

v Amtamamd At

Capiffary haemorrhages and oedema are someumes found in the brain and
meninges.
CLINICAL COURSE
Catarrhal stage
The disease is charactenzed by catarrh of the respiratory tract and by periodical
recurrent laryngeal spasms of a disunctive type, known as a *whoop™. The
first stage 15 2 catarrhal condition which usually lasts for about 2 weeks. The
child 15 febrile and tends to have a running nose and troublesome caugh, there
1s little to distinguish 1t from catarrhal bronchitis, so that dragnosis at this stage
15 not possible unless the patient 15 known to have been exposed to the tnfection.
Towards the end of thus pertad the cough tends to assume a paroxysmal character
and 15 particularly severe at might, hence resulting 1n Joss of sleep  Sneeang
sometimes occurs The cough causes congestion of the head and neck, and
frequently fimshes with retching and voriting.  Spikes of fever occur as a result
of the infection of areas of collapsed lung, resulting from the pressure of the
mediastinal glands on the sc” oo Tt e vt e
under the age of § years), or
by the tenacious sputum whie
Paroxysmal stage
The paroxysmal stage 15 quite distinctive, the bouts of whooping occurring
often 1n quick succession but sometimes with long periods of freedom. They
may occur suddenly as a result of external sumuli such as excitement, draughts
or a meal A short ispiration 1s followed by a rapid succession of coughs,
which cause the child to become cysnosed The vemns of the head and neck
become engorged, the mouth 1s frequently open with the tongue pr.o(rudmg.
the eyeballs become promment and the skin s bathed in perspuation The
spasm ends suddenly, with a relaxation of the laryngeal spasm and the occurrence
of the whoop, caused by the long ensuing mspiration. Severe attacks leave the
child exhausted  During the attack droplets of vised mucus, which are sometimes
blood-stained, are expectorated In young children convulsions sometimes
occur.  Epistaxis and sub-conyunctival haemorrhages are also known and some-
tyimes the ear-drum 15 punctured, The paroxysmal stage may last up to 10 % eeks,
B - S R 3 e e veean wiinter eafarrhal
arkedty
- hild an

easy prey to other infections
On exarmnation there are frequently many fine crepitations at the bases, but
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CLINICAL COURSE

FiG_ 45 —Skiagram of the chest in
whooping-cough, showing _enlarge-
ment of mediastimal glands and

patches of collapse.

FiG 46 —Skiagram of the chest of a chuld
aged 4, showing a neht sided tension
preumothoraxcomplicatmg whooptng-
cough
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TREATMENT

A 10-day course is indicated and the antibjotic should be given at 6-hourly
ntervals as a sweetened powder The dosage for children under 1 year of age
15 1 gramme a day, up to 3 years, 15 grammes, up to 10 years, 2 grammes,

Aureomycin, 1n a dosage of 350 milligrams per kilogram of body-weight per
24 hours for 8-10 days, was found by Miller and Ross (1950) to improve the
patients’ condition, so that they were free from paroxysms n 7-10 days

Terramycin has been used 1n a daily dosage of 100 milligrams per kitogram of
body-weight for 10 days Jackson, Finland and others (1950), noted its beneficial
effect and Booker, Farrell and West (1951) reported its use in 41 cases They found
that the fall 1n temperature was rapid and the toxaemia greatly reduced The
efficacy of the drug 1s sumilar to Chloromycetin

‘Wannamaker, Kohn and Weichsel (1949) showed that streptomycin, seemed to
influence the course of the disease favourably , 1t was given as an aerosol and by
ntramuscular 1njections of 005 gramme 3-hourly to tnfants under 3 months of
age, of 0 1 gramme to chuldren from 3 months to 3 years, and from 01 to 02
gramme 3-hourly to older children, the treatment continuing for 6 days

Symptomatic treatment

The spasms of coughing may be treated with antispasmodics and sedatives
Phenobarbitone 1s as effective a sedative as any, the dosage for infants being
1 grain thrice daily, and } drachm of Elixit Phenobarbiton1 (8 P C) being con-
venient. Bromoform, 1n drops {1 for each year of age up to 6) or as Elxir
Bromoformi (}-2 drachms), 15 useful Atropine 15 the best antispasmodic
Tiscture of belladonna (5-15 mimms) may be used in an attempt to relax the spasm.
Atropine methyl mtrate (Eumydnn) 1 a 06 per cent alcoholtc solution may be
given 1n doses of 4-8 drops 4-hourly Ephednine (3 gramn for nfants and 8}
gramns for children up to 5 years) n a simple hinctus 1s also a good antispasmodic,
and 1s given 3 times a day  Intramuscular injections of ether, 1 doses of 1-2
mullilitres every 2 days, sometimes reduce the number of paroxysms  After the
fourth week, when the sputum 1s especially viscid, expectorants are of some value,
the best being potasstum 10dide, given every 4 hours 1n a mixture such as

Potassium 10dide 3er
Ammonmum carbonate 3gr
Potassium bicarbenate 10 gr
Camphor water to 1flwd oz
Real or mtated high almude: —At the Park Hospital in London, treatment
has been by ust chamber for 45 minutes after

the third week of the dnsensc (Banks, 1951) It1s equivalent to the atmospheric
pressure at 12,000 feet Odegard (1946), however, thought that altitude-fiying
treatment was of doubtful value, and Harpoth (1949) thinks that the effect 1s
mainly hol 1, although the 1t T dee; by oxygen
lack, as well as radiation :ﬂ‘:c(s at 10,000 feet, may produce benefit
Treatment of complications

Owing to the of b h as a late of the disease,
determined efforts should always be made to re-expand any area of collapse,
which may be observed Postural dratnage 1s often successful but m some
instances bronchoscopy may be necessary
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CHAPTER 8

FUNGOUS INFECTIONS OF THE LUNGS -
R W. Reopewe

Classifieation. INTRODUCTION
*  The pulmonary mycose: i i
7 whick lgaybeclgsiﬁ c}s o is'ol?g::ss‘.“ of a small number of m(jhwdual diseases
(1) Infe due to fil bactena-like Jsms
actinomycosis and nocardiosis,
(2) Infections due to yeast-tike fung -
(g} mombass ;
{b} torulosis.
(3) Conditrons due to Aspergilli and simiar ubiquitous fungi .
{a} aspergillosis ,
(5) farmers’ lung
{4) Infections due to dimorphic fungi
{a} cocaidimdomycoss ,
(b) histoplasmosis ;
{¢) blastomycosis ,
(d) sporotrichosss
Laboratory investigations
Although these diseases may be limuted to the Jungs, the occurrence of
dissemmated lesions—as for example in bones or skin—may be important in
mndicating the dragnosis of fungous infection  The lungs are the most smportant
site of origin of the systemic mycoses, but the mode of infection in some of them
remams obscuse. It 1s thought, however, that mfection does not accur from
man to man. Once the chnical and radiological findings have d the
possibility of fungous infection, laboratory mvestigations are necessary 10
establish the diagnosis (Conant, 1950 ; Reddell, 1951} .
For this purpose, it (5 mportant that sputum, bronchoscopic aspirates, and
other pathological matenal should be obtmned with mnimal exposure to the
arr, and should be examined as soon ns possible, since prolferation of fungt

takes place at room temperature  This 35 of particular importance when assessing
the s} of fally p fungy, as llosis and ha
Digect mi py of wet p 15 made with 20 per cent sodium

hydroude solution, or by using a stata such as methylene-bive fuchsio  Smears
should alss be fixed, cither wih Schandinn’s fluid and stained by iren
haematoxylin, or by heat and then stamned by Gram’s method, When theee &
doubt about the nature of any fungus-hike cells present, a fresh wet preparation
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INFECTIONS DUE TO FILAMENTOUS BACTERIA-LIKE ORGANISMS
of the pathological matertal should be kept at room temperature 11 a moist
chamber for 2 or 3 days, during which time buds or filaments may be produced
from any true fungus cells. Cultures are made at both 22°C. and 37°C on media
favourable to fung but inhibitory to bactena, such as acid dextrose peptone agar
(Sabouraud's medium), or penicilt or telluri media.
Tnoculation of experimental animals 15 often of value, both for the isolation of
fung: from pathological matenal and for the assessment of pathogemaity of a
culture 1solated  Histological sections of biopsy or necropsy material are best
stained by the periodic acid Schiff method, and by the use of iron haematoxylin
The former dfferentiates fungi from nuclear matenal, and 1s of particular value
1n faclitating the search for scanty or very small organisms In addition to
these general procedures, there are other plicable to 1
diseases which will be described under their appropriate sections
Treatment

Any specific measures in treatment will also be mentioned with each disease.
It 1s customary to use potassiurn 1od:de in doses of 5 grains thnce daily, increasing
slowly untit 90 grains or more are being given daily. Any real or apparent chinical
improvement achieved duning 1odide therapy is frequently quoted as conclusive
evidence in favour of a fungous aetiology, but such an assumption is unsound

INFECTIONS DUE TO FILAMENTOUS BACTERIA-LIKE

ORGANISMS
Actinomycosis and nocardiosis
Causative orgamisms
A aeli—A be or hal
d Nocard: des—Aerob
A israelris a b h \t orgamsm of bacterial dimensions,
which requires bic or mi hil duti

for growth. It grows
in the form of small white glabrous colonies composed of Gram-positive non-
acid-fast filaments, 1 micron in diameter Nocardia asteroides, on the other
hand, requires acrobic conditions for growth, and forms yellow to orange colonses
1t very readily fragments 1nto bacillary elements, and 1s sometimes partally acid-
fast, when Mycobactertum tuberculosis 1s simulated 1n stained preparations
Incrdence

These are sporadic diseases which have a world-wide distnibution, and most
commonly affect young adult males Whereas actinomycosis represents the
commonest of the systemic mycotic infections, nocardiosis is rare  In actino-
mycos:s, infection occurs endogenously from the normal habitat of the organism
n tonsiliar crypts and carous teeth (Emmons, 1938 ; Rosebury, 1944 ; Slack,
1942) Pnimary pulmonary infection probably occurs by aspiration of orgamisms
from such foci, and possibly from tartar material, infection may also be
secondary to abd. es tsraelt does not exist
as a normal saprophyte outside the human host In contrast, nocardiosis 15 an
exogenous mnfection, denved from organisms growing saprophytically in soil and
dust It is frequently stated that agncultural workers are particularly prone to
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RUNGOUS INFECTIONS OF THE LUNGS

actinomycasis, and 1t has been postulated that this s doe 10 neglected dental
hygiene. 1t 1s doubtful, however, whether occupation does, in fact, play any
part 1 its actiology (Davis, 1941), though st certanly does so 1n notprdiosis,
which occurs chiefly 1n agricultural workers, ’

Chmeal features

A osts ~—~It has been esti d that 15 pet cent of all cases of actino-
mycosis are of thoracic ongin, whereas 60 per cent begin 1n the cervico-facial
region (Cope, 1938) There are two matn forms of pulmonary disease : one is
bulaterat and conssts of ntultiple small foct of infection, the other is a unifateral
disease winch may become massive, ‘

The onset of the disease 15 usually sscdious, with shght and weregalar fever,
cough and With the d 7 of suppuration, the sputum,
becomes muco-purutent and 15 sometimes blood-siamned, The clinical picture
may stmulate that of chronic tuberculosis or lung abscess When infection is
extensive, there 18 often pleural pan, with signs of widespread consolidation, and
possibly medastinal involvement. A chromc empyema, contaiming foul
smelling pus, may develop (Bowyer, 1949), but more freguently the pleura becomes
thickened and adherent  Abscess and stnus-formation often accur 1n the chest
wall in pratracted infections. A distinctive feature of the disease 1s the way m
which spread of infection occurs without regard to fascial planes, and over long
peniods of fime O Ily, tastases occur, for example,
in the bratn  Radiographs may show irregular shadows of varyiag size scattered
throngh the fungs, particularly in the mud-zone and basal areas (Fig, 47) Where
massive 1nf with it oceurs, ive 1 hadowing
15 seen, i which small areas of transiucency may develop (Fig. 48). Miliary lesions
are rare A foculated emp; may i oceur  The most charactenistic

| b on the und face of several

change 15 that of p
~nntianane mhe (Fip 49)  These and some vertebrae may become mvolved,
- v

1944, Meyer and Uay, 1va3)
Nocardiosts—In nocardiosss, the climcal features and caurse of the disease are
scnilar to those of actinomycosis {Kirby and McNaught, 1946) (Fig 50), but
there 1s & greater tendency for metastasts to oceur to the bram, subcutaneous
tissues and othet organs The disease somebmes simulates pulmonary tubers

culosss {Glover and hus colleagues, 1948)

Laboratary dagnosts g
Acttnomycosts T memmen anra oF creamecoloured cofonies,
« sulphur granvle ' . -1 r:u!h‘:r;‘eéré

1n size, and may ments, c
Granules are fess often 1onnes s aocardiosis

represent a Lissue reaction iy H
Similar granules may be formed by other fungi or bacteria and may show per

pheral clubs , 1t ss (+ to {hat such granules con-
sist of branching filaments of about 1 mscront drameter Sputum and cerebro-

164




INFECTIONS DUE TO FILAMENTOUS BACTERIA-LIKE ORGANISMS '

* Pl Y

Fic 47 — Actn
mycosis A 32-
year-old male with i

bilateral  disease
Actinomycesisraelt
culture

oght empyema
flud Radiograph
shows 3-5 mill-
metre carcular
shadows scattered
throughout  both
Tungs (By courtesy
of Mr O S Tubbs,
St Bartholomew's
Hospual, London )

FiG_48 —Actinomycosis A
53-year-old male with uni-
lateral disease and deaw-
Ing sinuses over left upper
chest  Sulphur granules
found 1 discharge from
sinuses. Radiograph
shows aircular shadows 1
Ieft lung above the homo-
gencous opacity of the
pleural effusion  (By
courtesy of Drs R
Reeves and D T Smuth,
Duke Hospital,
Carolina
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ardioyis A 52-
e farmer, suffer-
Tespiratory In-
utum cultures
e for Nocardia
There was com-
ry alter sulpha-
tment  Radio-
‘multiple irregu-
s of consider-
| the right side
rof Drs R J.
D. T Snuth,
al, N. Carolina’)

FIG 49 —Actmomycosts.
A 15-yearold female
with right apical con-
solidation but no chest-
wall induratton or
sinuses. Cervical ver-
tebrae became involved
and  death
from cerebrospinal
meningeal  actinomy-
costs, Radiograph
shows homogeneous
clouding 1n the nght
upper zone and pen-
ostitis of the upper 7
nbs postenorly  (By
courtesy of Dr. G
Simon, Brompton Hos-
pital, London)




INFECTIONS BY YEAST-LIKE ORGANISMS

spinal fluid often contan no granules, but only short lengths of branching
filaments (Fig. 51)

Pathological material is spread into thin fayers and examined with a lens; it
may be necessary to curette the walls of a sinus to obtajn suitable matenal.
Smears should be stained with Gram’s stain, and by the modified Zichl-Neelseh
method, using 1 per cent sulphuric acid instead of acid-alcohol to identify partially
acid-fast orgamsms  Cultures are made on a varety of media, including heart-
brain agar and nutrient dextrose agar, and are mcubated both anaerobically
and aerobically at 37°C. The Actimomycetes will not survive the concentration
methods used for the 1solcmon of Mycobacterium tuberculosts, and are whibited
by media Ammal path tesls are not helpful in
the di of is, but g pig il ion is useful in the
wdentification of Nocardia asteroides

Sections of biopsy or necropsy tissues are stained by routine methods, with
Gram’s and modified Ziehl-Neelsen's stans. In actinomycosss the granules
consist of filaments which are haematoxyphil and Gram-posttive, but the clubs,
1f present, are eosiophil and Gram-negative  Each granule 1s surrounded by a
zone of pus cells, and more penpherally by a chromc mﬂammalory reamon
(Fig 59) In d there 15, as 1n pp
‘but granule formation is seen less often than ac!momycusls

1 tests are The erythrocyte sed rate is rased
and there 1s usually a neutrophil leucocytosis
Prognosis and treatment

Prognosis 1s is if penicilin 1s given 1n
adequate dosage The use ol‘ sulphadnmne has reversed the almost invariably
fatal prognosis in nocardiosis

Pemcillin, in doscs of at least 1,000,000 umits daily, 1s wsually curative in

18 If relapse 15 to be avoided, it is
essential that (rcatment be contmucd for at least 6-8 weeks aner mmal mprove-
ment 1s achieved  Sulphadiazine, . . P
1n nocardiosts, preferably for 4-6 . | .
sulphonamides are ineffective 1n « ' -

be performed on anystrainisolated, together with animal protection tests(Boand and
Novak, 1949, Runyon, 1951, Strauss, Khgman and Pillsbury, 1951). Potassium
1odide may be useful when combined with other medical and surgical measures

At some stage surgical intervention my b: reqmred such as sinus exploration
ot drainage of an abscess ot may
e indicated for limited lesions (Wi angms\ctn, 1932)
.

. INFECTIONS BY YEAST-LIKE ORGANISMS

* Moniliasis

Causative orgamsm

This 33 Candida albicans The genus Candida consists of fungi which predominate
in the unicellular form, that is as yeast cells, and which elongate to form filaments
in submerged growth Both yeasts and filaments propagate by producing buds
{blastospores) close to their extremites (Fig 52). The component species arg
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FUNGOUS INFECTIONS OF THE LUNGS

FIG 51 —Actmonnces 1seqele v spatum
Short branching filaments less than |
mi¢ron in diameter
(- 850y

Gramestamned smear

.y L
FIG 53 —Cryptococcus neaformans in exudate
The double-contoured wall of the yeast 15

*\

LURGNENY b

Fi6 55 —Aspergillus fumigatus spores in
sputum  Spore size (a} may be compared
with nerghbouring coccr  Wet methylene-
blue-fuchsin preparation, [¢

I A
s

X 7,
- s?? e [z .l

3t T
[ S, LA S

Fic 52 — Candda specws  Submesged
culture showing chatacienstics of genus
Conduda, Yeasts and fitaments producing
blastospores Gram-staned culture (x 400}

e ahead

FIG 53 —Aspergillus funugatus i sputum
Branching fifaments about 4 microns m
diameter ~ Stained tron haematoxylin and

(x 400)

[
L
+ A\ PR |
Fic 56 — Coccubiondes tmminis  Culiure
grown at 22°C., showing filaments break-
ing up into deeply-staining chlamydo-
spores  Stamed with lactophenol cotton
blue (% 400)



INFECTIONS BY YEAST-LIKE ORGANISMS

identified by biochemical reacttons, morphology, and pathogenicity tests
Candida albrcans 1s 1dentified by 1ts fermentatton of glucose and maltose with
the production of acid and gas, and sometimes of sucrose with acid formatton
only, and by 1ts failure to ferment lactose Furlhermore under certamn conditions
of culture, 1t produces thick-walled spores (chl ) about 8 microns n
duameter, and 1t 1s lethal when 1noculated intravenously 1n rabbits It 1s the
only Candida species which 1s important as a potential human pathogen

Mode of infection

“The fungus 1s a normal of the upper y tract, also of the
intestines and skin , 1nfection usually anses endogenously  In thrush, superficial
mucosal 1nvaston occurs but oc:.)smnally, and p.xmcularly n mf;mts of low

determined by bactenal infection, or by some loss of tissue resistance, has not

been assessed There 1s no doubt that fungt may proliferate when the normal

bacterial flora 1s disturbed, as 1n chrome bronchial infections, or following the

use of antibiotics  The presence of C albicans as a predominant organsm, how-

ever, does not indscate that 1t 15 necessanly playing either a primary or a secondary

role as a pathogen, indeed, 1t 15 probable that 1n most instances the fungus
cie amtiakge mm thp e mmsnl o ofana £

»mall outbreaks
1944, Ludlam
es, and vartous
formtes may be responsible for spread of mfection

It 1s doubtful whether or not broncho-pulmonary mombasis can be looked
upon as a sound concept The diagnosis 1s frequently made on finding C albicans
1 the sputum of a patient n whom areas of patchy clouding or enlarged hilar
shadows are seen by radiography, on the absence of tubercle bacilli in the sputum,
and on the success of 10dide therapy (Baskt, Hazard and Foley, 1934; Brown,
1946, Frank, 1941, Ikeda, 1936, Stovall and Greeley, 1928) Diagnoses
based on such data may result 1n the overlooking of the prmary disease It has
been suggested that * secondary thrush of the bronchi* 1s a more appropriate
name for the majomy of these cases, nyasion hy the fungus bemg regarded as
secondary (Sh bury, 1936) The rel 1 1 shadows to the
presence of the fungus n the hmnchml tree 1s snll w be determined  In infantile
h d aetiology occurs 1n assoctation
with bmnc}nal thrush (Lederer and Todd, 1949), but a pneumonitis due to
Candida albicans has yet to be demonstrated It 1s possible that thrush membrane

may separate from the bronchial wall and gravitate to cause areas of callapse

lical features of monihasis
The following description of clinical and radmlogwal ﬁndmgs may be mkcn

to represent those most recorded 1m b
A sub-dwision 15 usually made 1nto () bronch and (2) p 'y
moniliasis,
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FUNGOUS INFECTIONS OF THE LUNGS

Fic, 57.—Monilasis A
42-year-old
i

history of resprratory
infection There was
a heavy growth of
Candida albicans
from the sputum
She recovered i 3
months with todde
therapy preceded by
vaceine  desensitiza-
tion Radiograph
showsareasof patchy
clouding on the right
stde with honeycomb |
shadowing, and mas-
she clouding with
an area of trans-
lucency m the left
mid-zone, (By
courtesy of Drs
R, J. Reeves and D
7. Smuth, Duke Hos-
pital, N. Carolina)

Broncho-moniliasis —Bronchial disease presents with cough as 1ts most dis-
tressing symptom  The sputum s scanty and mucoid, and typically it contains
small grey flakes n which fungus is present, but 1t is sometimes described as
milky tn appearance. The general conditton of the patient 1s unaffected and
there 1s no pyrexia The sigas are those of bronchitts Radiography shows
faint 1ll-defined patchy shad: imes with hazy inear king dinginto
the lung fields ; the distribution 1s chrefly 1n the mid-zone and basal areas.

Pulmonary monthasts —Pulmonary montliasis 1s less often recorded. Cough
is agamn distressing and the sputum js sometimes blood-stained ; dyspnoea or
pam 1n the chest may be a presenting symptom  There is vsually some pyrexia,

together with increase of puliymd respiratory rates  Lesions vag;fmm patchy
pleural effusion bas been described * Radiographs

to widespread consolidation ;
show ill-defined paichy peripReral sBadows, often~in-two of more lobes, with
spating of the apices m most cases (Fig 57) The shadows are.offen not static,
decreasing 1n intensity 1 some areas and increastog n o!hers.\ !

Laboratory diagnosis

of an atypical culture
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FUNGOUS INFECTIONS OF THE LUNGS

——w-
FiG 58.-—Torulosts 4 12-

|- £ b yerold male with 4

months” history of cough
and sputum, night sweats,
and Joss of weight There
was no evidence of lesions
elsewhere, and the tumour
was successfully removed
by upper and middle
lobectomy  Radwograph
showsa well-crrcumseribed
T-centimetre oval opacity
m the Jower third of the
nght lung — (By conrresy
of Dr B A Dormer, King
George V. Haspital,
Durban'}

commonly a tumour-hike mass {toruloma) 1s produced, Acute muliary torulosts ~
has been reported

Torulosts may co-eust with tuberculosts (Rappaport and Kaplan, 1926) and
with Hodgkin’s disease (de Bré and his colleagues, 1947, Fitchett and Weidman,
1934) It has been suggested that the number of cases n whech torulosis and
Hodghin’s disease have been coexistent 1s greater than can be accounted for by
mere chance, and thay the latter may predispose to mycotic infection,
Incidence

Torulosts 15 a sporadic disease of world-wide occurrence, 15 most common in
adults, and 1s shightly more frequent in males than females

Cliucal features of torulosis
This disease 1s accompanied by relatively hittle constitutronal dlsmrbmmﬁig
ler,

there may be no pyrexa or only Jow-grade fever (Hamilton and Tyl
Cough with scanty mucord * - Lowmamtioty e eava Pun
in the chest 1s sometimes pr '
stve anfection develops, of | R . ' -
f ived or atypical p Alternatively, the disease presents as an
rathoracic tumour (Dormer and Scher, 1947) Rarely, a pleural

of
expanding int

effusion 15 formed, and the yeast has been demonstrated 1n an empyema (Reeves,
Butt and Hammack, 1941)  Bronchial obstruction has only once been reported
(Moody, 1947)

Areas of clouding whech tend to become confluent are seen by radiography,
especially involving mid-zone or basal areas A toruloma is seen as a dense,
homogeneous, well-defined shadow, simulating a new grawti} or lung abscess
Fig 58) In some cases the clear outline of the tumour itself is obscured by the

m






FUNGOUS INFECTIONS OF THE LUNGS

1G 60 —Candida albicans 1 sputum  Yeast
cells and fitaments present i thrush
Wet  methylene-blue-fuch:

preparation (x400)

g?-* nE
PN ot

Fic. 61 —Pulmonary lo‘n'.\losls Wall 0!'

1 -






FUNGOUS INFECTIONS OF THE LUNGS

Fia. 63 —Aspergillosis A
$S-year-old male, who
developed  post-opera-
tive pulmonary mfarcts
from thromboses of Jeg
veis, Hustology of
aviopsy matenal showed
fungus” colonies assoc-
ated with an area of
miaretion  Radiograph
taken | week after opera-
ton shows S8 muil-
metre well-defined
shadows n1he night md-
z0me_ (By cowiesy of
Dr. G. Simon, Brompuon
Haspueal, Lorlon }

’
process \f either tubercul Donald Koerth and McCorkle, 1942 ;
Schneider, 1930), or a neoplasm (Yesner and Hurwitz, 1950)

In the cases described, the disease usually has an insidious onset, sometimes
with 4 lengthy history of recurrent pultmonary or pleural infections  Evidence
of earlier pulmonary infarction may be obtaimed Haemoptysis may for a long
ume be the only symptam There may be dyspnoes and cough with mucod or

Blood d

muco-purulent sputum, often b disease there
are remmitent fever, mght sweats, and detersoration 1n weight and general health

Irreguiar clouding or small errcumscribed shadows 1 the bases or mid-2ones
are sometimes seen 1n radrographs (Fig 63) Another finding 13 a dense tumonr-
like opacity, which siowly develops central translucency, and in which a movable

shadow may persist (Shanks and Ketley, 1951).

n extensk

Laboratory diagnosis
The possibility of a secondary Aspergiilus infection of an inflammatory or
neoplastic process must be considered.  The repeated finding of filaments of
about 4 mucrons m diameter 15 ymportant suggestive evidence of primary or
secondary aspergillosts (Fig 54), but cultural confirmation is necessary $ince
ssmilar appearances may be given by other ** contaminants”. On the other hand,
thick-walled spores, about 3 mucrons m diameter, are of less sigmficance, stace
these often result from recent inhalation (Fig 55)  Aspergillus funugotus ErOWS
rapudly on Sabouraud's dextrose agar at 37°C Colomses are at first white and
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CoNDmoNx bur 1o ASPERGy 1y AND gy, MILAR UBIQUn‘OUs Fungp

ﬁlamcntous, but Quickly become Corereq with dull~grccn Sporeg (Thom, and
Raper, 1945)
pnmary I:slons. fungous colonses are found, boty Withiy alveoy and 1mad:ng
alls, 5 d SS0ciate, Wath areas of tssye Necrogg (Fig 65) ese
Mmay pe mzmedmtely surrounded by neutmp)ul lrucocytcs, and More penpherally
by hronq mﬂammatmy cells Locay Yessels are frequcnlly lhrombos:d and
me asmnally the Organisy, S foung 1 aregq of
brancho~pncumonm (Cooper, 1946) In secondary mfecuuns, there are varymg
degrtes of Mvasio, of Caviyy Wajls It 4 only When fungal fily lents the
lumep, of Cavy or bronchus that spormg heads of A:pargzl/u: a e

Teach
e formeq
(Fig 66) Dsrmal and scrologtcal tests are unhelpful

2
Tonchia) Isease and hmncd mrccrmns are bemgn, Unless the Cause op Severe
ha Moptyse. Masg,o nfectiong with bscess rormauon 2y be L1
Oraj todide lhcrapy 2Ppears to be eiTecme Desensmzauon has been Yecom-
e Aent 15 own 1o be hyperscnslme 1o the causatwc fungus
Exurpanon of o lumour—hkc lesion May pe lndl(‘alfd (Yesner and Hunmz, IDSO),#
as for example, When ¢ Sea Using recurrenl haemopryscs

Possnbly these are Spores of Vartoys ubAqulrous fungl

Tm s used for an occupauonal disease ooeurrmg 2mong hay and &tay
uorkers. and among stable~m=n and canle~men (Campbell, 1932. Fancm, 1933,
A R €ondytiop, eustg Amopng Workerg handlmg Moulg, Uerials n the
manufacturc of e ¥tifeg Unlike aspcrgtllosxs, rungous MVagion of pulmonary
Ussue does not occur, ang 1t hag been SUBgesteq that (o SYMptoms Tesuly from
on of ).

State o, hypcrsensmwly or lmranon due ¢, nhajy,, Of large qi 'antitres of
SPores, Tather th; O plang duse as e b_yssmoys otton-ml VOorkers
C: Often g, Eroups, ESpecyaj), dunng t ng W,
€Ollec, ed 1y y, sea; S, 15 e, handled Sporcs of. SPerg, ‘s, Pmml//um nd

Hucor, and of ¢, T Ubiquy, s 4, hay, bee, mplie, (F: L 1933), t
they o m| s rm f TSong di t

Clirtegy Seatire,

3¢ Condyy,, Qg rth buy I’ollom g dcscnp n s nteng,,

to SUmmar th tant fing, The diseq, Tosery, Stmulae
the ord, Uy fo, f asy, chr e b chutrs, OF evep bro, cha~pncumoma,
but CUPatg, ! ang Season,y Incd, e, ity Sty L and Xacer.
b tions of Xtre, Noey Withoye cor; spondmg degre: of hia, Spasm
!l m, €1t g ieaf s owp d)spnoc Mereageg n Tty ungy
n Mes 5o acy, Patiens are umapy, to climp e hghlc: nclines,
Any furthe, Nact Wy Hant gy leag 2 boyt op g, dunng
Which nly sea, 2 colourlcs roucod gy fmthy SPutym, is ey; torateq There
may pe ns dv:scnbcd A thoge o Tonchtyg or of Patchy



FUNGOUS INFECTIONS OF THE LUNGS

Fig, 64 —Farmers’
lung. A 39year-
old male farm-worker
with 2 years® history
of gradually increas-
mg dyspngea asso-
crated with 1nhala-
tions of hay dust.
‘There was little cough
and no fever, but
health deteriorated
Species of A spergifius,
Penteedlium  and
Mucor werte cultured
from his  sputum,
which was ,scanty
Radiograph  shows
patchy perpheral
clouding with honey-
comb  shadowing
mainly on the right
sde (B courtesy of
Dr, R Fawcut, West
Highland ~ Hospual,
Oban}

ulmonary consolidation Later, when dyspnoea becomes extreme, there may be
yanosis and emaciation. -
Radiology —At first there 1s a fine honeycomb shadowing, most marked in the
uddle and lower zones, and elsewhere the normal pulmonary markings become
ore clearly defined because of emphysema. In recurrent cases, these earhier
»pearances proceed to patchy cloud later b dense and coal
1d there may be enlargement of hilar shadows , the sharp defimition of silicotic
»dules 1s not seen (Fig 64) X-ray have led to a d of
berculosts
iboratory diagnosis
Investigations are undertaken as descnibed under “* Aspergillosis™ I‘{otc is
ade of any fung: cultured and of any which predominate. The xsof:(xPn of .
sontarminants ™ growing at 37°C, even if lethal on animal inoculation, is not
e e T T L T e
= stamned, to exclude

- 1 aaid Schiff method

thological findings have only once been recorded , they consisted in emphysem-
sus and ruptared alveol, acute congestion of vessels, and much patchy
rosts (Fawcitt, 1936)  Skan-tests and serological examinattons are unhefpful.

by C J Fuller, there may be slight

cording to a personal communication T
but eosinophilia 1s , sputum rarely shows an

ess of eosinophils
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CONDITIONS DUE TO ASPERGILLI AND SIMILAR UBIQUITOUS FUNGI
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Fic_6S ~—Pulmonary aspergillosis  Colomies
of Aspergillus fumuzaius 1n lung Section
stained with 1600 haematoxylin and eosin
(400}

Gant il comamng 8 thckwaled | oot Fmoney comidomycosts,
T D e s St o fardes Socediondes immiis, liberating
T I LT @ Seton stamed b haematohy i
haematoxyln and eosin (x400)
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FUNGOUS INFECTIONS OF THE LUNGS

Progriosis and treatment

This 1s not 2 fatal condition, and, although there js great mcapacity while in
contact with the excrtant dust, there 1s usually rapid improvement when the
patent 1s removed from this environment  Adminisiration of potassium fodide
py tt}}:c rrnouth 15 beneﬁchmlh Antihistamme drugs have given no improvement
in the Iew cases in which they have been ysed C J. Fuller
communicatton) by ! e (personat

INFECTIONS DUE TO DIMORPHIC FUNGI
Coccidioidomy cosis
Causative organism
The fungus responsible 1s Cocerdiordes vmmms,

In saprophytic hfe 1o the soil (Emmons, 1942), and in cultures at 22°C. and
37°C, tius fungus exists only as 2 white filamentous growth, which segments
wto chamms of resistant spores (chlamydospores), 2x5 microns 1 size  fa
animal trsstes, however, these spores enlarge, become sphencal, and firally form
thick-walled budding cells (sp ), 20-80 microns in diameter, which
arc; ﬁs’i’;;d with large numbers of endospores, 2-5 microns it diameter (Figs 67
an:

Mode of nfection

Infection normally occurs by inhalation of chlamydospores in dust, and smait
explosive outbreaks may oceur m groups of people who become exposed
Dust-control measures have been effective 1n reducing the incidence of infection
The disease, which has been reviewed by Forbus and Besterbreuije (1946) and
by Perry (1950), closely simulates tuberculosts i having a primaty respiratory
nfectron (Dickson and Gifford, 1938), which ss bemgn and usualfy asympto-
matic, and a secondary, frequently fatal, progresstve form It 1s aimost entirely
confined 1o the and south-western regions of the Unied States of America,
where 1t 1s endemic, though a few cases have occurred n South Amenca and in
Ttaly  Elsewhere, the disease ts seen only as a laboratory infection acqued
from cultures of the fungus, which are highly infectious (Nabatro, 1948 , Smith
and Harrell, 1948) The primary disease affects males and femates about equally,
but males progress to the disserunated geanulomatous drsease twice as often as
do females  Coloured races are particularly prone to the development of progres-
stve fections  The disease may occur at dny age, but whereas primasy infections
are most common 1n nfants and children, systemic disease 15 met with chiefly
n adults  Coccrdiordomycosts may coeust with tuberculosis (Firestone and
Benson, 1949, Hyde and Hyde, 1949)

The two forms of the discase are considered separately

Primary coccidiodon costs
Clmical preture —More than 60 per cent of all infections are subclinical. Fever,
pamn m the chest, and cough occur m Symptomatic €ases after an incubatron
period of 1-3 weeks The symptoms may be those of a mild cold, or else of 3
more severe tespiratory Infection with expectorahion an
arthralgta. Haemoptysis 1s rare, and 1s usually associate
130

d ngoss, and sometimes
d with the presence of a
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INFECTIONS DUE TO DIMORPHIC FUNG!

T TR e LT

Fic 7M. ~ Prmary
coccidiordomy-
cosis  Prmary dis-
case 1n which resolu.
tion has occurred,
leaving only a solitary
cavity  Radiograph
shows 2 thin-walled

with a flud
Tevel 1n the night mid-
k2 (B courtesy
of Dr I, W Birsner,
Bakersfield, Cals:
forniay

FIG 72 — Dissemynated
coccidiordomycosis.  The
limited primary infectton
has progressed to disserm-
nated disease Radiograph
shows 1-3 mm, densel;

distributed, ciccular
shadows throughout both
lungs {Bv rtowrtery of
Dr 3 W. Birsner, Bakers-
field, Califormay
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FUNGOUs INFECTIONS OF THE LUNGS

- C e o
. -

FiG 73 —Remgn histoplas-
mosis, A" 43-year-old
male with 2 history of dry
cough for 9 years, but
without abnormal “signs
or symptoms Histo-
plasmin skin test, 1: 100,
positive  History of 3
years® residence in Canada
with visits to the USA
Radiograph _shows 2-3
mm_ well-defined circular
shadows of high density
scattered throughout both
lung fields.  Not shown
on _reproduction  but
visible on origmal, were
famt  opacitics around
some of these shadows
{halo shadows) (8y
courtesy of Prof J Crof-
ton, Edinburgh Unersity )

A close association has been shown to exist i Great

his colleagues, 1946)
Britain between pulmonary calcification m children and tuberculin sensitivity

(Thompson, 1948) Three possible cases of healed pulmonary histoplasmosis,
tn British patients who had resided 1n Canada and the United States, have been
recorded (Arblaster, 1950 ; Crofton, 1950) (see Fig 73) .
Incidence of histoplasmosis

The mnfection occurs more commonly 1n males than in females, and, although
1t may present at any age, about 16 per cent of recorded cases have occurred
infants of less than 1 year of age Combined infection with tuberculosis has
been reported (Meleney, 1941)
Clnseal features of lustoplasmosis

Pulmonary disease occurs 1n about 50 per cent of all cases of generalized

histoplasmosts, but infection 1s only very rarely limted to the respiratory tract.
The symp are pecific and are d d those of r:hculy-
endothehal disease  They include cough, expectoration, dyspno:a,'nnd patn in
the chest, hoarscness and haemoptysis are less frequent Pyrexia 15 usually
cerations have been rcppn':‘d

present  Oro-pharyngeal and laryngeal mucosal uk

(Weed and Parkhill, 1948) Benign pul 4 P 187
asymptonatic,

Radiological signs

In bemgn histoplasmosts there is most frequently a stngle well-defined shadow,
186






FUNGOUS INFECTIONS OF THE LUNGS

34 centimetres m diameter, situated 10 any part of the tungs. This is often
associated with enlarged ttar lymph nodes in which calcification somefimes deve-
lops  Less often, such shadows are farger with poorly defined margtas, and more
than one may be present. in oceasional patients who are usually with symptoms,
and in those with d d histop!, is, there are patchy shadows
scattered throughout both lungs  Calafication frequently accurs it the centres of
lung lessons, but may take 2 or more years to become visible radiographically
(Futcolow, 1949, Sontag and Alien, 1937) (Fig 74aand b)  When the scattered
shadows are of small size miliary tuberculosis 15 simulated, buit the halo shadows
around central calcifications, and the regularty of dense circular shadows whick
may later remawn, are charactenstic of histoplasmosss {(Figs. 69 and 745} Cavita-
tron does not oceur, and hifar iymphadenopathy 1s only rarely present alone,

Laboratory diaguosts
Smears of sputum or bronchial aspirates are best stained by Giemsa's methad
The causative orgamsm occurs as very small encapsulated yeast cells, usually
ltular in m: , or in neutrophil } ‘The capsule
of this yeast 15 a very narrow one. In cultures, a white flufly growth develops
1 about 2 weeks at 22°C, and later develops typical chlamydospores {Faig 76 ;
cultures should be retamned for at least 4 weeks before a negalive report is given
Gastric contents, sternal marrow, and blood should similarly be examined
Pathological materiat and cuftures are inocufated intraperitoneally into mice ;
reticuto-endothehni 1nvasion oceurs as 1 human disease.

Biopsy ~Dhagnosis has been hed by blopsy i m about 33
. Pt —ees B b waneanen Lung lesions may be minute,

entral necrosss, and contain

Antigen in & —The skin-testing anugen, histop prepared as for
tuberculin and coccrdiowdin, 15 still an expermental one  The test 1s pecformed
in the same manner as the tuberculin test, using a cniticat dilution of the antigen,
and 2 postive reaction 1s considesed to denote past or present infection It may
be of value m epidemialogical surveys of the bemgn form of the disease, but 3t

15 of only hmited climcat vaiue since negauve skin tests occur 1n 50 per cent of
T ce et £y am natthadies are nllen

Pragnosis and treatment .
Bemign pulmonary hustoplasmosis ¢ usually asymptomatic Disseminated
infections are frequently fata) in infants and in children, but complete recorery
15 posstble (Bunnell and Furcolow, 1948). Disease i adulis may be prolonged
for months or years, and may not be fatal Ab&tn(se of anubodies early w the
disease appears to indicate a poor progrosis There is no speaific treatment.

Blastomycosis

Causalive orggnisms
These are of twa kinds : (1) Blastom) ces dermatindis (causing North American
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FUNGOUS INFECTIONS OF THE LUNGS

Chnmical fefzmre.g.~!n pulmonary disease the symptoms are those of 2 subscute
esp y There 15 low-grade fever, d caugh, and some.
times pain m the chest; the sputum is often blood-stained. Later there is
increasing dyspnoea, and loss of weight and strength  Pleural involvement and
sinus formation occur, but ess frequently than in actinomycosis

Radiwologically, widespread sil-defined patchy shadows are often seen {Fig 75).
Massive opacities may appear in advanced disease, and may contain small
irregular areas of i di 1§ denopathy is very 1
present. Muliary shadows occasionally occur (Salway, Kehan and Pritzker, 1939).
Any bones may be involved, pasticularly the vertebrae and zibs when the appear-
ances sesemble tuberculosis , such lesions tend to be more extensive than in
actinomycosts,

South American blastomycosts

Incidence~This disease occurs only 1 South Amencs ; it has been desenbed
by Almeida and s coffeagues (1942), and by Lacaz (1951} Young adult males
are most commonly affected,

Chnseal features.~—Visceral infections are much less frequent than the involve~
ment of Iyntphatic tissues. In 20 per cent of
systemic infections, however, the lungs are affected. Pulmonary disease simulates
Notth American blastomycosis, but massive lesions are unusual and lymphadeno-
pathy 1s more frequent
Laboratory diagnosis of blastomycoss

Yeast cells are searched for in exudates In cultures at 22°C. white fufly
colonies develop after about 10 days Mice are inocnlated intrapesitoneally
with ground-up saline i hological matersal or cultures  Histo-
- T el avams mad Fae s misad veset colle amonpst collections of neutro-

! ~age of cefl contents
. . ' ' e of encapsulation,

A.skm-teslmg vaccing gives Positive Teactions 1 cutaneous infections in Nort‘h
American blastomycosts, but negative results occur in 50 per cent of the systemic

£ P fixi ;i

dies may be present in the serum, Systemic

disease s vsually fatal It isvdcub‘ful whethet it is possible to assess prognosis

from the results of skin tests and serum-annbody estimations

Treatment . .
. . St g amace hae

American bjastomycosis, but SUlpHONRNUUEs Udve padn wdikes
improvement in a numbet of cases
Sporotrichosis
Causative organism .
The organism which causes sporotnichosis is Sporotrichum schencki per
This fungus exists in saprophyte hife—for example, on plants and m;x e
and 1o culture at 22°C., as a white o grey-black mould-hke growth In th
1%0
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TR

Fig 78 —Pulmonary blastomycosis (North- Fic 79 —Pulmonary blastomycosis (South-
Amenican)  Thick-walled yeast cells of Amencan)  Thick-walled yeast cclls of
Blastormyces dermatitidis, (ormung smgle Paracoceiiandes brasitensis, forming mul-
buds  Section stained with haematoxybn tiple buds  Section stamed with haema-
and eosim {x750) toxyln and eosin (x750)

Fio 80 ~—Sporotrichum schenck!  Culture Fia 81 —Sporotrichum schencki in exudate,
grown at 22°C showmg fine filaments, Fusiform yeast eells {g), present in purulent
bearing spores mterminat digitate arrange- exudate resulting from amimal moculation
ment and along their sides Stamed with Gram-stained (x 400}
lactophenol cotton blue (x400)
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phase the organism consists of dehicate filaments, 2 microns 1n diameter, which
bear club-shaped spotes, 3x 5 nucrons sn size, found in terminal digrate groups
or 1n lines along their sides (Fyg 80). In amimal tissues, and in culture on enviched
medha at 37°C, 1 takes the form of fusiform buddimg yeast cells, mostly about
2-4 microns n size -

Cutaneaus mfection occurs as the result of traumatic noculation of the
organism inato the skin, usually by infected plants or wood, Systemuc spread
15 rare (Collss, 1947), and, in contrast with other systemic mycoses, the {ungs
are practically never mvolved The disease has been reviewed by Norden ((951)
Jt 15 world-wide and usually sporadic, but has assumed epidemic proportions m
South African mines (Transvaal Chamber of Mines, 1947), and it may be endemic
tn the nrorth-central areas of the United States of Amenica (Foerster, 1926} and
mn France
Laboratory diagnosis

The eritena for diagnosis of most reported cases of pulmonary disease have
been inadequate  Direet examination of sputum and of bronchial aspirates 1s
unlikely 1o show the causative yeasts, since the fungus can rarely be seen in human
matenal, though it may be cultured (Smuth, 1945)  Spovotrichum schenchi appears
within 5~20 days® incubation at 22°C as small, bactenume-hke colonies, grey-
wiite n colour, which enlarge and become membranous, glistening and starfish-
shaped Pathological material or cultures are injected intratesticularly into rats,
or intraperstoneaily 1nto mice , an acute wflammatory reaction results, in which
jarge numbers of fustform yeasts are present (Fig 81).

A skin-testing vaccine has been used, and posittve reactions appear to demon-
strate past or present mfection  Preciptin estimation appears to be the most
sensttive serotogreat test
Prognosis and treatment

Sporotrichosis responds more dramatically to todide thesapy than does any
other fungous disease  Surgery 15 cuntta-indicated
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CHAPTER 9

LUNG ABSCESS
W. P CLeianp

DEFINITION

A LUNG abscess, strictly speaking, should refer to a collection of pus in the lung
tissues and must therefore be distinguished from other collections occurring in pre-
existing cavities or potential spaces Encysted and interlobar empyemas, mfected
cysts and and are ples of the latter group,
each of which may be incorrectly regarded as a lung abscess

The term, lung abscess, was, however, onginally employed to describe any
pulmonary cavity contarning pus . later 1t was used to cover a wide variety of
suppurative lestons in the lung of varying aetiolopy and pathology  This -
evitably led to a great deal of confuston  Recently 1t has become apparent that
the develop 1 of an abscess rep but one aspect, albert a very important
one, of a pulmonary nfection 1n which suppuration and necrosis of varying
degrees domunate the picture

1t 15 proper, therefore, that any study of this problem should include all such
conditions and not be restricted merely to those in which an abscess proper has
formed

CLASSIFICATION

in spite of careful research and intensive thought in the past, no completely satis-
factory chss:ﬁcanon has yet been evolved Many nspecls of the condmon have
A - N

haan cnsafill

groups {{1] putnid or anaerobic and (2] non-putnid or actobicy this distinction being
based on the presence or absence of a foul odour of the sputum  They regarded these
two as distinct entiies with differing pathology, course and prognoss, and requining
radmn]ly d|ﬂ¢rem managemenl Barrett (1944) regards the solitary putnd lung

. . '
account of and Friedlander abscesses, which he regards as separate
entities with a distinct actiology, course and treatment  Although he considers
anaerobic and acrohic groups separately, he regards this sub-division as one of

g a primary sub-d which further study
Nicholson. (1950) postulates that both the zerobic and anasrobic abscesses are
caused by the aspiration or 1halation of infected material into the bronchal tree,
and thus have 2 common aetiology  He points out that ** aspiratton pneumoma ™
vanies considerably 1n sevenity, forming a scries ranging from cases in which
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CHAPTER 9

LUNG ABSCESS
W P. CLELAND

DEFINITION
A LUNG abscess, strictly speaking, should refer to a cotlection of pus m the lung
ussues and must therefore be distinguished from other collections occurring in pre-
existing cavities or potential spaces  Encysted and interfobar empyemas, infected
cysts and hial and ab: s are ples of the latter group,
each of which may be incorrectly regarded as a lung abscess.

The term, ung abstess, was, however, ongmally employed to deseribe any
puimonary cavity contaiming pus . later 1t was used to corer a wide vanety of
suppurative lesions 1n the lung of sarying aetiology and pathology  This 1n-
evitably led to a great deal of confuston  Recently 1t has become apparent that
the development of an abscess represents but one aspect, albeit a very important
one, of a pulmonary infection 1n which suppuration and necrosis of varying
degrees domnate the picture

1t 15 proper, therefore, that any study of this problem should nclude ali such
conditions and not be restricted merely to those in which an abscess proper has
formed

CLASSIFICATION
In spite of careful research and intensive thought n the past, no completely satis-
factory classification has yet been evolved  Many aspects of the condition hasve
been carefully studied  the quality and bacteriology of the sputum, the anatomical
distnbunion, the climeal course and the radiologcal features, amongst others, have
‘been used, alone or 10 combihation, by vanous authors as a basis for classficaton
Neuhof and Touroff (1936, 1930, 1941, 1942) suggested that there were two main
groups ([1] putnd or anaerobic and [2] non-putnd or aerobic) this distinction being
based on the presence or absence of a foul odour of the sputum  They regarded these
o as distinct entities with differing pathology, course and prognosss, and requiring
ra'i_dnca!ly different management  Barrett (i944) repards the soltary putnid fung

account of staphylococeal and Friedlander abscesses, which he regards as separate
entuties with a distinct aetiology, course and treatment  Although he considers
anaerobic and acrobic groups separately, he regards this sub-division as one of

e providing a primary sub-ds which facilitates further study.
Nicholson (1950) postulates that both the aerobic and anacrobic abscesses are
caused by the aspiration or inhalation of nfected materal tnto the bronchial tree,
and thus have a common aetiology ~ He points out that * aspiration pneumoma ™
varies considerably in seventy, formung a senes ranging from cases 0 which

197




FUNGOUS INFFCTIONS OF THE LUNGS

H(zhﬁg}“g "Z\;zr’:"ng';, It}x ) (;;rwh !‘;:x]:m(czx‘w M L (1947, * Disseminated Pulmonaty Calon
e e

ke 3. o s:nsm\my. Thorax,
M\.\\::‘a‘c‘;\:‘ym !‘En JDuﬁ::wt,lM"m?u;\L:\y&x ‘;:\viisragan, B (I946), A Survey with Histo-
Mdcﬁ,y'z::) E (1931 " Pulmonary Histoplasmosis  Report of 2 Cases™ Amer Rev Tuberc,

Palmer, C B (1948} Pulmonary C and Sensitivity to Histo
plasmun > Publ Hith, Rep, Hash, 60, 513
Parsons, R ¥, and Zarafonetis, C J D (1945) * Histoplasmosss . Man.™  Arck antern

fed , 75, 1
Riddell, R W (1954) ™ Histoplasmosis ™ In Brifssh Encyclopoedia of Medbcol Practice, 2nd ¢,
Vol 6, p 560 London: Butterworth
Sastaw, §,, and Campbelt, € €. (19501, ™ Serologic Studies in Histophasmons™® Amer, J, publ
Hidh | 4D, 427
Sontag, L W, and Allen, J E (1347)  Lung €& and Histop: bercul
Skin Sensitvity ™ S Pedlar, 30, 657,
monzpsmoln B € (1948 " Calofied Foor within the Tharax of Enghish Chifdren ™ Thorav,
ond , 3, 43
Weed, L A, and Patktuil, £ M (1948 The Diagnows of Hivtoplasmoss m Ulceratine
Disease of the Mouth and Pharynx * Amer J. ohin Parh 18,130

Blastomy cons
Atmerda. F de Lacaz, € da Suva. and Neto, C F 11942) * Dados estatisticos sébre o
o Brasil de seu estudo”  An, Fac med,

$. Paulo, 18, 137

/Dowlmg, G, B, and Elworthy, R R, (1925) " Case of Blastomycouc Dermatis (Gilctimst} "
Proc R So(' Med, Yol 19, Sect Dermatol,, p 4

Lacaz, C. da Siva (1951) * Lesoes na d O Huspitals

Rio Jde Janerro, 39, 4D5
Marun, D §, and Smth, D T (1939) ™ Blastomycosis > Amer. Rev, Tuberc , 39, 275 and 433
Scharz, )., and Baum, G L (1951), * Blastomycoss " Amer J[.chn Path 21,
Sruth, B T (1947 Fungus Diseases of the Lungs, p 12 Springfield (1L} Thomas
Solway, L. J, Kehan, M, and Poitzker, H G 11939) ** A Case of Dissermunated Rlastomycons *
Canad med Av J, 44,30
Starrs R A, and Klotz, M O, 11948) * North Amernan Blastomysosn.” Arch intern Med,

82,126d 29

Sporotrichosis
Collims, W T (1947 “ D erating with Widespread Visceral
.Involvement Arr/l Derm S\ph, (‘Iumgu, 56, 523

Foerster, R, H (192

toss.” S, Amer, med Asv

Nordcn. A.(1951) Spurmmhnsns » Acta path microtwo! scand Suppl No 89,

Smuth, D T {1945)  * Pulmonasy Mycoses  Sporotrichass * Cilaics, &, 1028

Transvaat Chamber of Mines (1947)  Sporoinchous Infection i Mnes of the H
Johannesburg

twatersrand



PATHOGENESIS

an abscess  Infected pyaemic emboli, however, are 1n a different category ; they
frequently give nise to abscesses in the lung, which are usually small, multiple, and
scattered widely throughout the lungs,

Bronchial embofism

A chmeat study of the anatormeal distribution of lung abscesses suggests that
the site of the mitial lesion 1s determined by gravity or posture The majority
oceur in the posterior segment of the upper 1obe of the apex of the lawer lobe |
these areas lie 1n a dependent position when the patient is supine, as, for example,
whilst asleep, under anaesthesia or in coma  During World War 1T several cases
of middle-lobe and lingular abscesses were encountered 1n patients who had been
wnmersed 1n the sea  These individuals would usually beina prone of semi-prone
posttion whilst attempting to swim, and it seems probable that in this position”
inhaled matenal would gravitate to the anterior aspect of the lungs  Brock and
fus colleagues (1942), using small intratracheal injections of jodized oil, demon-
strated that gravity determines the distribution of the * embolus */, and that 1n the
supine posstion the postenior segment of the upper lobe and apex of the fower lobe
are outhned with of  When the pauent 1s fying on fuis side the axilfary aspect
of the fung recetves the ol

The nature of the inhaled material 1s of some importance in determimng the
sequence of events  fnhalation of bactena, for nstance, results n 2 pneumonic
process, whereas the inhalation of infected fluid matenial, such as vomit or water,
produces a diffuse broncho-pneumoma often with suppuration Particulate
wnfected matenal, hov\ever r:sul\s mn :\bscess formation ln this atter group, 1t
appears that leads to which is then
mvaded by the orgamsms camed down wuh the embolus to form an abscess
Bacterial invasion

Preumacoccal ot s\rep(o&o:cal p“eumuma. 15 tacely complicated by abscess
areas are visible radio-
logically, but 3t 1s probable lhat these are areas of resolving and aerating lung tissue
rather than cavities containtng pus  Such an mterpre\nuon is supported by the
absence of climcal evidence of abscess on
the other hand, 15 not q) by true abscess The
abscesses present several unusual features  they are frequently multiple and greatly
distended with air , they are often empty ; their size and number may bear no
relation to the clinical state of the patient  Response to chemotherapy 1s usually
good and complete resolution oceurs In these cases the pulmonary lesions are

with a mfection which may dominate the
clinical picture
e e -4 -

Natural defences against embolism
1f bronchial embolism 1s the factor 1n the prod ofa
lung abscess, 1t 13 relevant 1o consider the natural defences of the body against
199
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rative changes are shight (benign aspiration Ppneumoma) to those in v
wuppuration and necrosis are dominant (acute solitary abscess). «More
ints out that the odour of the sputum depends on the organisms prese
wtum and the presence or absence of anaerobic conditions of growth,
10t imply a specific fesion,

s important to emphasize that no case of lung abscess 15 strictly primary,
rm, * ydtopathic lung abscess **, should never be used, for, as Brock rem
» engenders complacency and stulufies attempts to improve our know!
: Accep of the proposition that lung abscesses are al'
dary should encourage the clinician o seek and remove the cavsative fa
ler to prevent a repetition of the disease.

: classification adopted here 15, therefore, a practical one, based essent
actiological factors, because these are by far the most important from
of view of the patients’ future welfare and the prevention of subseg
on It should also have the effect of encouraging clintcians to seek
of the abscess and not be satisfied with a bald diagnosis of ** lung absce

CLASSIFICATION
A Due to specrfic pneumomas
(1) Pneumococeal
{2) Streptococeal
{3) Staphylococcal
4) Actmomycotic
{5) Friedlander's
(6) Amoebic
Due to bronchial ocelusion
(1) Carcinoma
(2) Bemgn tumours of the bronchus
(3) Broncho-stenosis
(4) Intrabronctual foreign bodies
(5) Atelectatic
Due 10 vascular embolhsm
(1) Infarct
(2) Pyacmic
D Traumatic
i1} tofected haematoma of lung
(2) Foreign body in fung
fi

» 2

n

PATHOGENESIS

[P o Y

cessary, that DrOUIdL Cllivvisig 1e
necessary, whereas Allen ( 1928) concludes .
(ant factor, Cliatcal research has, however, gone a long way (0 stIVmgt I
.m and there 1s now hitle doubt that bronchial emholism 1 the most import:
1n the majorty of cases. Briefly the evidence 1s as follows.

Fan mmbaTierm
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i3 ATHOLOGY
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Fig 84 —Putnd
abscess i the
posterior seg-
ment of nght

segmental con~
sohdation




LUNG ABSCESS

Fio 84 (cont ) —(c}
Cavity distended
with pus, )
showsng consider-
able resolution
after phystother-

showing small re-
sidual cavaty,, (f)
demonstrating
eventual  resolu-
tion
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LUNG ABSCESS

enter the cavity from the bronchial tree  Thus, for the first time, the x-ray films
will show an abscess cavity contatming air and, perhaps, a fluid level,

Rupture of the abscess nto the bronchial 1res commonly takes place during the
second week of the disease, but may be considerably delayed ; 1f the bronchial
opentag 15 large enough and the contents of the abscess are sufficiently hiquid,
evacuation will be complete and healing will commence,

Resolution

Resolution is, howeser, a relatnvely slow and gradual process and, owing fo
the degree and iatensity of the surrounding pneumomtis, it often takes several
wneeks before cavitation 1s no longer visible radiologically.

Delayed resolution and chronicity are usually due to the,persistence of sloughs
1 the abscess cavity (Fig 82), to inadequate bronchial dratnage, or to persistent
mfection in the surrounding Tung ussue  The residual changes in the lung, or
sequelae, depend upon the volume of destroyed Iung and also upon the rapidity
with which infection can be controlled  Of these two factors the latter is probably
the more important, for 1t 1s not to obtain ph ion 10
narmal following a large abscess which has been treated early and adequately
(see F1g 85y Conversely, permanent bronchiectatic or cystic changes are com-
monly found when an abscess has been present for Jonger shan 3-3 months
Bronchography 1s necessiry to evaluate these late changes, which vary from a
normal bronchial trez to some dilatation and irregularity of involved bronehi
(Fig 86}, ac even a small restdual cavity or cystic space (Fig 87).

Healing
Healing of an abscess, from the pathological poinl of view, may assume ong
of several forms  In the most complete form the breach jn the Jung is obliterated
by compensatory exp: of sur ding normal Jung tissue and by some degree
of fusion by fibrosis Complete healing such as ths can probably only occur in
L T e a3 1o the more persistent
1 the mouths of the
sty 1 type, but it
An epitheliatized
cavity may represent bactenological healing but uuey coustuute an nna\omw:}\
abnormality, which cannot disappear spontancously and may act as locus munotis

resistentiae at a later date

Involvement of the bronchy bl token port e the
i nt to the diseased area have inevitably taken par

The bronchi udj?ce hd . #-e-2 dmmane  Thic mav eitber be shght and

tation

Spread of disease

Other areas of the lung X
Involvement of new areas of Jung occur b),' one or other Qf wo[ mecflha:zr:!rsy
(1) Direct invasior of adjacent lung tissue is common, particuarl z mfe ik

stages before rupture has occurred This may well account for the freq!
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Fi16, 85 (cont) —(c) and (d)
Bronchograms taken
after healmg showing &
practically pormat
bronchial tree
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Fic 86 —Rught lareral broachogeam to shaw residual bronchiectasss of the
postenor branch of the fight tpper lobe bronchus foflowng an abscess
Ireated by exierns drainage

with which moluple foculi are encountered  Extension across a major fissure
nta an adjacent fobe 15 by ne means uncormmon {Fig 89)

{2) Spread to more distant portsons of hung accurs by * bronchial embolsm
snfected particles from the abscess, waveling wa the broachal tree, are arrested
m a bronchus where a second of “spudl-over™ abscess 1s imtiated (Fig 8785
Bronchral embalism ss particularly apt (o occur when aormal coughrng is depressed,
as i sleep or anaesthesta, or after surgical dramage when the presence of an
external brorchral fistula disturbs the normal expulsive efforts  Emboh may
todge 1n any past of ether jung
The plewra

Locahzed hbrous sflammanon always occurs in the pleura overlymng the
abscess  The fibrinous depossts soon organize, and adherence between the visceral
and paniecal layers of the pleura results  These adhesions appear early and are of
considerable practical imporance . thewr presence acts as a barner to the direct
v asion of the pleural cavity, and through this locahzed adherent area 1115 possible
1o carry out surgeal dramnage without transgressing a free and vulnerable pleural
cauty

Effusions and empyema, however, are quite comman ta spue of the develapmeat
of protective adhesions , they may oceur spontancously or follow 1B-advised

%09
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Fic 87 —Putnd ab-
scess an upper lobe
treated by two-stage
drammage ~ {a) Shows
onginal abscess 1
axiflary aspect of
upper lobe , (b) after
firststage  drainage
showing metal mar-
ker and a spill-over
abscess above the
onginal leston, (e}
bronchogram show~
mg two types of
residual  bronchial
damage At the site
of the ongmal ab-
scess the broncht are
crowded,  distorted
and shightly dilated ;
the spill-over abscess
has left a small cystic
cavity

®
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LUNG ABSCESS

Fic 8% —Specimen of left lung
showing  multiple  abscess
cavities and pulmonary suppur-
ation  The spread of the
disease has been partly due
to direct extension and partly
by bronchial embolism

cavity
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FiG. 8 — Specimen of
chronic lung abscess show-
ing  smooth ghstening
epithelahized hining of the
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LUNG ABSCESS
becomes more apparent, and at this stage a hard, dr )

: f , dry, or almost dry, cough, with
localized pan in the chest, may appear  Such sputum’ as is produced’ at tl%ls stage
1 scanty and inoffensive, and 15 due to 1nflammation of the bronch: 1 relation to
the abscess.

Rupture

Rupture of the abscess classically occurs about the tenth day of the 1liness, but
great vanation s encountered particularly 1f antibrotics have been used It is
preceded, perhaps for 24 hours or more, by the appearance of offensive * fumes »
when the patient coughs The actual rupture may be sudden and dramatic,
leaving no doubt as to the true state of affatrs , 1n other cases the appearance of
sputum 1s more gradual, but 1t shows a steady increase in volume during the ensuing
few days A small haemoptysis may precede rupture and the expelled contents
of the abscess are often blood-stained for the first few days

Course after rupture .
Acute cases after rupture —Following rupture there 15 usually a marked reduction
of toxte symp Ithougt p bsidence takes longer  Cough and sputum
will inevitably persist for many weeks until healing has taken place  Such is the
course of the typical acute case, but it should be emphasized that extreme variation
1n the clintcal course may occur.
Fulminating and hyper-acute cases —Ful cases with i toxic
manifestations may demand surgical relief at an early stage before rupture has
occurred, 1 order to save life, but such cases are rare and have been particularly
50 since the advent of chemotherapy The hyper-acute case, in which serious
symptoms persist after rupture, will also demand early surgteal treatment ; the
condition 1s not relieved by discharge of the abscess contents, which 1s incomplete
owing to the presence of large or multiple sloughs tn the cavity  Such cases require
daily (if not hourly) assessment, and surgical drainage should never be withheld
when 1mprovement 1s not occurrng  Once agam such cases are becoming 1n-
creasingly rare, entirely as the result of the admnistratton of antibotes.
Convalescence or chromeity —The subsequent course of the typical case vartes
In those resolving satisfactonily the sputum loses its foetor and decreases in amount

after the imtial burst  This s d 1n the

d with a corresp p
climcal condition of the patient  Frnal disappearance of sputum, however, may
take several weeks

In other cases, cough and sputum persst and a chronic state
is reached, 1n which each day several ounces of purulent sputum are produced
These symptoms are associated with mild or moderate toxic changes, such as low-
grade fever, anorexia, ht-loss and the devel of finger-clubbing
This state of chrontc ill-health may persist for many months or even years In
other cases, pertodic bouts of fever and toxtcity and low sputum production alternate
with periods of relative well-being and free expectoration of sputum, this alterna-
tion suggesting intermttent obstruction of the dratnmg bronchi.

Spread to other organs —Chronic cases, as described above, run a grave nisk of
spread of the disease to fresh sites 1n the lung, to the pleura or to the brain  These
grave and all too frequent complications are heralded by a recrudescence or fresh
outbursts of symptoms 1n addition to those dependent upon the site of the new

leston.
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Fic 90 — Abscess
m  nght lower
lobe with residual
cyst  formation
(a)Shows an area
of broncho-pneu-
moma which de-

a
tended with pus ,
{¢) and (d) show
a flud level n
the abscess after
rupture o a
bronchus

®
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LUNG ABSCESS

Fic 90 (cont) —
(¢) Showng 3
residual “cyst”
which rematned
unchapged for
several months

@

or patchy n distribution (Fig 90) In segmental lesions there may be some
shrinkage of the affected area, which 1s due to assactated atelectasts (Fig 84) There
1s nothing very specific about the appearances at this stage, which would apply
equally well to other acute inflammatory lesions  With the development of an
abscess the affected area becomes somewhat distended and, f 1t 15 excessive, a
sphertcal shadow or distended segment will result (see Figs 84 and 85) The edge
of this shadow 1s usually hazy and irregular because of surrounding pneumonttis,
and 1t1s never clear-cut and sharply defined as seen in a cyst (Fig 91) or a perpheral
carcinoma (Fig 92)

With rupture of the abscess into the bronchial tree, air s able to enter the abscess
cavity as pus and debris escape, and then a fluxd level or an air cap 1s visible (Fig 90)
Sometimes, however, air cannot enter the abscess, owing to the narrowness of the
bronchial opening or the presence of a large slough, and a flurd level is then not
to be seen Tt 15 1umportant to realize that fluid Jevels are not essential to the
radiplogical diagnosis of an abscess )

As the jnflammatory process subsides the surrounding consoltdatton resolses
(F1g. 84), the cavity 1tself usually shrinks 1n size and finally can no longer be seen,
but occasionally 1t remains little altered n size and, as all evidence of preumontis
disappears, 1t assumes a cyst-like appearance (Fig 90)

The frequency with which the posterior segment of the upper lobe, the apex of
the Jower lobe and the aillary sub-segments of the lobes are wvolved 15 mentioned
The anatormical site of the lesion 1s thus of some dignostic signfficance

218
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Fig 91 —Large n-
fected cystn right
lower lobe show-
wng the character-
st thin wall with

sence of sur-
rounding _ pneu-
monutis  Treated
by lobectomy
Specimenrevealed
amultilocular cyst
hined by columbar
epithelium
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FIG 92 —Breaking
down peripheral
carcinema of the
right lower lobe
showing  thick
lobulated treegu-
Tar wall
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LUNG ABSCESS

Fig 92 —Breaking
down penipheral
carcinoma of the
nght lower lobe
showing ~ thick
Tobutated rrregu-
far wall




TREATMENT

Fi6 93 ~large cayity
wnthy & fud evet 1
the nght mud-zone,
Appearances had re-
mained  tnchanged
for several months
Elsewhere 10 the
Tungs there are greas
of hard infiltzation
and calafication put
the spulum  was
persestently negative
for tubercle bacill
Thoracolomy re-
vealed 3 tuberculous
cautty with pus which
was teeming  with
tybercle bacills
The dranmg_bron-
chus was completely
stenoses

reveal a ghstemng epithelialized wall wath fine spidery blood vessels coursing over it

Hydand cyses ~—In areds where thus conditton 15 endenuc, recogritton is rarely
difficult A positive Casonr reacuon, eosinophilia, the occurrence of urticarta and
the charactenstic radiologrcal signs (Barrett and Thomas, 1944) should leave no
doubt as fo the pature of the lesion

TREATMENT
Chemotherapy
The sputum should hc cuhurm as easly as possxble .and the sensitivity of the
organisms to varrous agents d The sulphonamdes

are usuafly of fitsle value except 1 staphylococcal abscesses  Penicillin 1s effective
in the majonty of infections, but musr be given m dases of approxtmately 2,000,000
umts dady and be fora

and Chioromycetn should be rescrvcd for c.lses wnh mrec(mn by orgamsms
resistant to penieithin

Physiotherapy

Postucal dranage —Postueal deunage 1¢ @ valuable thecapeutc weapon, wiuch
employs gravity 1 order 1o encourage pus 1 the abscess to flow into the trachea
and main bronchial tree, from whence 1t can be expectorated  Accurate focahza-
tiont of the abscess by means of postero-antestor and lateral x-ray films enables
one to place the patent 1 such a posmon that the abscess les at a higher level

m



LUNG ABSCESS

shadow with little or no surrounding pneumonitis (Fig 91). If air 1s present 1n
the cawity, the wall 1s seen to be quite thin and sharply defined tn contrast to the
thicker wall of an abscess With idence of mfection and d of
fluid, the cyst appears as a thin-walled ring shadow, Tt is emphasized above,
however, that cystic shadows occasionally remain for long pertods after 2 true
abscess has subsided (Fig 90)

Radiological appearances

There are romy aned ¢ ons - bt 22 0 © 7 an abscess, but
few which, n ' The condition
cannot be dic ¥ correlation of
symptoms and clinical signs  Only those conditions which may seriously mimic
the disease are considered here.

Peripheral carcmoma —A penipheral carcimoma has an irregular lobulated out-
line ; if 1t 15 excavated, the central cavity is also irregular and lobulated These
appearances are due to the projection of masses of growth mto the cavity The
wall of the cawity 15 much thickened (Fig 92) The course 1s one of slow but
steady sncrease 1n size

Encysted empyema —A subacute or chromc encysted empyema may present a
well-defined shadow closely resembling that of an abscess Differentiation from
an-abscess 15 often difficult, but the following pomts are useful.

(1) In the lateral x-ray film the empyema shadow is * D ** shaped rather than truly
spherical, and 1t 1s never segmental in 1ts distribution

(2) Clubbing does not occur with an uncomplicated empyema

(3) Expectoration of pus only occurs late when the empyema ruptures mto the lung

(4) Secondary contraction of the chest wall 1s usual with an empyema but does not
occur with an abscess

(. e d outline and costo-phi inuses are obscured in an empyema

®) h hy may be of derable value in doubtful cases

Interlobar empyema —This may be particularly difficult to distinguish The
empyemas are often secondary to a small abscess and, for practical purposes,
behave as such, for they rupture into the lung at an early stage  Characteristically
the empyema 15 oval 1n outline and, when viewed from the lateral aspect, the long
axis hies 1n the direction of the fissure

Tuberculous cavity —The commonest site of a
of the upper lobe , the presence of nfil ¢
suggest the correct diagnosis, even when bacill are not found in the sputum
(Fig 93) The sputum 15 rarely purulent or excessive and clubbing of the fingers
does not oceur In doubtful cases repeated examination and culture of the
sputum, laryngeal swabbing and gastric lavage are advisable. .

Lung cyst~—Cysts are briefly constdered under * Purulent sputum above,
where 1t 15 emphasized that the cyst 15 sphenical 1n shape, with a clear-cut outfine
and without any surrounding pneumonitts The wall of the cavity 1s.onen 50

thin as to be barely visible (Fig 91) Should dranage be unde‘rmk:n, it will b;
obvious that the cavity 1s lined by epithehium, and not by nssu;. :uL
sloughs will not be present m the cavity  Following drainage the expected ! ""ﬂ
age of the cavity does not occur, and at this stage inspection of the cavity may
222

tuberculous cavity 15 in the apex
or cal should




TREATMENT

1he abscess and the adjacent parietal pleura, that this adherence occurs quite early
1n the course of the disease and that 1t may be very locahized in 1ts extent

The operation 15 performed under local anaesthesta 1n order to preserve the
cough mechanism , the abscess 1s carefully localized by means of postero-anterior
and lateral radiographs  In difficult cases a few mullilitres of a mixture of 10dized
o1l and methylene blue can be injected nto the intercostal muscles over the suspected
stte of the abscess , the position of the * spot ™ can be checked radiographicalty
whilst the methylene blue will act as a guide at operation (Rabin, 1941)

A vertical meision 1s made and the selected rib exposed , a 2-inch segment of
b 1s Tesected sub-periosteally and the underlymng pleura carefully examined 1f
the pleural space 1s not obliterated a smali metal-ring marker 1s placed 1o the wound,
the depths of which are packed with gauze to promote adhesions  The pack can
‘e removed withun 7-10 days, when adberence should have occurred and drainage
can be carried out

When adequate adhesions are present the periosteum and pleura can be incised
with the diathermy kmfe and the incision extended 1nto the abscess cavity, which,
sn the majonty of cases, lies 1-2 centimetres deeper  Once the cavity has been
entered, the opening can be enlarged by reaming away a core of lung tissue large
enough to permit adequate nspection and packing Debris and sloughs are
removed from the abscess and the latter 1s inspected with a malleable light  Par-
ticular search should be made for separate loculi, these, if present, should be
opened up into the main cavity  The 1ntercostal bundle should be ligated at either
end of the divided rib and the ntervening segment resected  The cavity 1s firmly
but not tightly packed with ribbon gauze, soaked n zinc peroxide or some sumlar
cream, whilst the chest wall channel s tightly packed to mamtain a reasonable-

B .
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narrowing of the sinus prevents easy packmg
The progress of the case 1s checked by 1njecting 1odized o1l along the sinus every
2-3 weeks 1n order to determine the size of the cavity and the presence or absence
of druning broncht’ Drainage must be maintained until the cavity 1s no longer
present and the broncht are obliterated

Resection

The advance 1n y during the past decade,
together with the advent of chemotherapy, has had mmportant repercussions on
the treatment of jung abscess Before the introduction of pemcillin, external
dramnage was the surgical procedure of choice, even though complications d:rectly
referable to or aggravated by the surgical procedure were common  Comphca-
tions such as secondary haemorrhage, empyema, spill-over lung abscess, and
cerebral abscess were not 1nfrequent Few resections were performed i these
cases because complication rates were even higher

The whole picture has now changed, so that resection 15, without doubt, the

procedure of choice, and external dramage 1s only very occasionally performed
Improved anaesthetic mevh - enmatbas s db odocimasbocee v 0

operative and post-opera

° . .
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than the pulmonary hitum  If the lung 1s divided into upper, middle and lower
zones and each of these zones into antentor, lateral and posterior sections, 9
p for postural d are formed To be effective, postural
drainage must be employed frequently and for Jong periods  Patients are often
only treated for 10 minutes twice daily, with Iittle or no result At least 30 minutes,
repeated several times during the day, 15 a mummum which should be exceeded
whenever practicable A period of drainage on rising in the morning and before
sleep at might 1s particularly important  Special beds or wooden frames are
available for this purpose  Children will often sleep in the head-down position
m a bed which 1s raised on blocks  Whilst in the drainage position the patient
should be encouraged to breathe deeply and to cough to facilitate removal of the
secretions

Percussion therapy —This consists 1n * hacking and clapping ™" over the site of
the abscess, with the patient in the postural-drainage posttion  This 15 often effectine
1 dislodging and expelling secretions from the cavity, thus hastening resolution

Ambulation —The patient should be encouraged to remamn out of bed as early
as possible, because the additional mobility encourages drawmage and helps to
matntain good posture and pulmonary function.

Breathing exercises —These should be carrred out in alt cases to ensure that
respiratory effictency 1s maintained  Breathing practice can convenently be given
dunng the periods of tipping, for the exercises and deep breathing encourage

drainage

Bronchascopy

Mention 1s made above of the value of bronch asa
both from the point of view of determining cansatve factors and for Jo '
the abscess. As a therapeutic procedure, however, its value is more Iimited
although some authors mamntan that it encourages fesolution and therefore
recommend 1ts repeated performance The average patient, however, has litle
difficulty 1n expectorating pus, and 1t would appear that repeated bronchoscopies
are not likely to achieve anything more than will goad postural drainage, and will
mflict unnecessary discomfort upon the patient

. -~ " are whieh he intro-

I

' 1t

P
calszatton of

of complete recoveries while the remarning cases afe 1dpiuiy suuutive s i3
. oA inm of peniciilm would

. . . oo technique, how-

Surgical treatment

External dranage devends torge S
f the operation depends largely upx
The successful performance of tl Pt P e free

localization  The abscess must be approached across adher L O
leural cavity 1s d and d an empyema wi 3
ft is mentioned above that adherence occurs between the visceral pleura overlying
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FiG 94—(a} Large
abscess cavity
the apical segment
of the left lower
lobe which had
been  present for
9 months  Thiy
case was referred
for surgwal treat-
ment but vigorous
postural  dramage
and  percussion
resulted 10 com-
plete resolution
(h, (c) broncho-
grams revealed only
mimmal  residual
danage.
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TREATMENT

JROOVP- SO

resrdual dead space, and better surgical technique, have combrned to make resection
a safer, quicker and more effective method of treatment than dratnage

There are, however, certin features of resection for pulmonary suppuration
which differ from resections for other conditions In chrome and widespread
lesions, the pleura and hilar tissues may be extenstvely involved. and the resulting
fibsosis may present the surgeon with considerable technical difficulties  The
Organsms, con.cemcd are often more mvasne and potentially dangerous than are
those in and one finds that septic
complications tn the wound, 1 |hc plcum or 1n the bronchus stump are a hitle
more common.

The management of a ease of pulmonary suppuration
Inadequate and 1neffective treatment of cases of lung abscess 1 all too common
1t 1s advisable, therefore, 1n all cases, whatever the previous treatment may have
been, to start treatment as though deahing with a new case  This 15 a pohicy which
can do no harm, yet it has led to cure or marked improvement 1n a significant
number of cases referred speclﬁcally ror surglcal lrealmen\ (sre Flg 94)
[rnmran e amatbad e
tre
—
ally requining surgery
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LUNG ABSCESS

Climieal observations

Proper control of cases betag treated can only be made if the followi -
tions are made and duly recorded, ing obseria

(1) Daily measurement of the volume of sputum, which should be recorded on
the temperature chart ; '

(2) Postero-anterior and lateral radiography, which should be repeated at least
at weekly intervals |

(3) Bacteriology of the sputum, including both aerobic and anaerobic cultures

Programme of treatment
The conservative programme will consist of the following.
(1) Pemcilln, 1n doses of approximately 2,000,000 umts daily, or proportionally
targe doses of such other cl herapeutic agents as ind by the b )
9(‘ ll:)e sputum ‘Pemcxllm should never be discontinued before an adequate tral
N ] . . v Sl e

nvolve a course of 4-6 weeks -
(2) Postural drainage and percussion therapy, carried out as often and for as long
as possible each day, It 1s impossible to overdo this, but there are patients who
ERE TR SR St

e ¢ Rt

Mobihity undoubtedly has

Assessment of results

x-ray appearances

The following courses may be encountered N

(1) Steady improvement 1n all aspects of the case, leading to complete resolution
with disappearance of sputum and clearing of radiological shadows.

(2) Poor response to conservauve freatment these patients should have a
resection of the diseased area if the general condition 1s good and volume of sputum
not excessive Toxic cases or those with much sputum wil require external
drainage

(3) Chromicity or incomplete resolution ,
chromic phase, in which conservative treatment no Jonger leads to improvement.
Such cases should be submutted to resection

about 20 per cent of cases reach a

SPECIFIC TYPES OF LUNG ABSCESS

In this section 1t 18 proposed to consider some of the distinguishing features of the
eparate entities or as

varnious types of lung abscess, especially those ref:

having a distinct aetiology ~ Their recognition ma. be fa‘h".a“’d‘m_mi
but 1n some instances itz tical importan » they require special
treatment ? *
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Specific preumonias
Pneumococcal or streptococeal preumonia

These orgamsms rarely g e rise to gross suppurationin the lungand the expectora-
tion of any quantity of pus 1s unusual The radiological appearances of cavi-
tation, occasionally seen in these cases, probably represent areas where resolution 15
1n advance of that in the surrounding zones

Staphy lococcal preumoma

Of recent years a characteristic type of abscess has been recogmized 1n association
with staphylococcal pneumonia  Brock (1945) gives a clear and comprehenstve
account of the condition, and since his description was published many cases have
been recognized

A clear distinction should be made between (1) multiple lung abscesses assoctated
with staphylococcal pyaemta and (2) pnimary staphylococcal pneumonia with
abscess formation.  1n the former the primary focus is often obvious and pyaemic
abscesses may be present elsewhere ; the abscesses 1n the lung are usually multiple,
bilateral, frequently small and usually relatively thick-walled

phyl ! P one of the local mantfestations of
*“ staphylococcal fever ™, which 1s a generalized invasion of the body by the
staphylococcus  In some cases invasion 1s preceded by a local staphylococcal
lesion, such as a boil or infected wound, but 1n others the local lesion would appear
to be in the lung, and a pneumonic consolrdation may actually precede blood-
stream mnvasion  Such cases are apt to be encountered 1n lungs which are already
the seat of some pathological process , thus influenzal attacks often prepare the
way for staphylococeal mvasion, and 1t 1s often during epidemics that cases of
staphylococcal abscess are encountered  More chronic lesions, such as bullae,
cysts, asthma and chronic bronchitis, may hikewise render the lung more prone to
invaston by the staphylococcus (see Fig 95) ;

The sevenity of the case varies considerably, from acute fulminating attacks
resuling n death withmn a few days to the nuld case with moderate fever and few
symptoms The diagnostic features of the condition are the expectoration of
purulent sputum containing staphylococer 1 pure culture, together with lung
cavitation, often gving specific radiological appearances  The sputum is purulent,
moderately profuse and often blood-tinged 1n the earher phases, but considerable
vanation 1s encountered  Staphylococci are found 1n the sputum in almost pure
culture during the early stages, but later secondary organisms appear and may com-
pletely overgrow the staphylococct A positive blood culture is often obtained
durning the earher phases of the disease

The x-ray appearances are and often s
stages before abscess formation there arc areas of consolidation, often lobar or
segmental 1n distnbution (Fig 96)  The abscesses are charactenstically muluple,
often bilateral, farge, thin-walled, distended spherical sacs, often empty or con-

. e = deella acasan o ansnuntasad svan tn the same
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With resolution the distended cavities shrink in size and eventually drsappear com-
pletely , occasionally one or more may persist as a thin-walled spherical nng
shadow, which may be mistaken for a true cyst

Treatment should be essentially conservative with the prolonged admrmustration
of large doses of appropriate chemotherapeutic agents The majority of cases
which survive the acute phase resolve satisfactorily but patience must he exhibited
and treatment maintained for a long time  Surgical dranage is not advised and 15
rarely practicable m view of the mul y of cavities Lob y or pneu-
mo may very Ily be ind if p and cavitation persist

1 spite of adequate treatment (see Fig 95)

Staphylococcal preumonia in young children
5 tn anfants and

phyl al p aad ab are not
young children and deserves separate consideration  Pathologically two types are
encountered

Small solitary abscess —In the first the abscess 1s small, solitary and often sub-
pleural , 1t frequently ruptures mto the pleura producing a tension pyo-preumo-
thorax (Fig 97)  Gross infection of the pleura 1s rare, however, and usually there
18 relatively Iittle fluid in the pleural cavity These cases should be treated by
repeated aspiration of air and fluid from the pyo-pneumothorax, followed by the
mstillation of pemsciltin 1 doses of 500,000 units  This is combined with the
systemic admimistration of penictin  Resolution of the abscess and re-expansion
of the lung usually occur readily.
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Fic 97 — Staphylococcal
Pyo-prcumathorax in an
infant 3 months old suc-
cessfully treated by re-
peated " aspirations and
chemotherapy  The pus.

pure culture (a) Tension
pyo-pneumotharax with
small quantity of flud ,
(h) partial re-expansion
following aspiration , (¢}
complete expansion

.
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LUNG ABSCESS

Fic 96 {c)

With resolution the distended cavities shrink 1n size and eventually disappear com-
pletely , occasionally one or more may persist as a thin-walled spherical ring
shadow, which may be mustaken for a true cyst
Treatment should be essentially conservative with the prolonged adminsstration
of large doses of appropriate chemotherapeutic agents The majonity of cases
which survive the acute phase resolve satisfactorily but patience must be exhibited
and treatment marntatned for a long time  Surgical dramnage 1s not advised and 1
rarely practicable 1n view of the multiplicity of cavities Lobectomy or pneu-
may very Iy be 1nd 1 pi and perstst
1 spite of adequate treatment (see Fig 95)

Staphylococcal pneumoma i young children
\ nd ab are not mn mfants and

pl al
young children and deserves separate consideration  Pathologically two types are
encountered
Small soliary abscess —In the first the abscess 1s small, soltary and often sub-
pleural , 1t frequently ruptures 1nto the pleura producing a tension pyo-pneumo-
thorax (Fig 97) Gross infection of the pleura is rare, however, and usually there
1s relatwvely hitle fluid in the pleural cavity These cases should be treated by
repeated aspiration of air and fluid from the pyo-pneumothorax, followed by the
snstillation of peatcillin 1n doses of 500,000 umts This is combined with the
systemic a ation of penicill Resol of the abscess and re-expanston

of the lung usually occur readily
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16 98 — Staphylococcal
Pneumonia with multiple
abscesses in an infant 4
monthsold With chemo-
therapy toxic manifesta-
tions disappeaced and Lhe
distended " cavities be-
came smaller but did not
finally disappear for 18
months after the onset
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Multiple distended cavitation —In the second type there appears to be a more
widespread pneumontc infection, resulting in multiple distended cavities (Fig 98)
Sometimes one cavity dominates the picture and may become so large as to mimic
closely a spontaneous pneumothorax In fact, it 1s impossible tn many cases to
d h the two, although ill-advised needling may sometimes give the answer
by superimposing a pneumothorax  The importance of recognizing these cases lies
1n their management, which must be strictly conservative It consists 1n prolonge:
and adequate courses of the appropriate chi herapeutic agents, ined with

e i

Involvement of an otherwise normal pleura 1s 2 risk which would appear justiablé
in these cases, and serious sequelae are not diol 1 1
may take many months, and 1n some cases may never be complete  In such cnse'S
radiographs show multiple cystic or bullous changes, and such a condition, if
encountered for the first ime later in adult life, may well have had tts onigin 1,
staphylococeal pneumonia o infancy

Actinomycosts

Actinomycotic infection of the thoracic cage or its contents is not uncommon
The 1nvastve power of the fungus shows great variatron : some cases show steady
prog with g of all adjacent tissues 1 spite of adequate
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FiG 98 — Staphylocaccal
Preumonia with multiple
abscesses i an miant 4
months old With chemo-
1herapy toxic manifesta-
trons disappeared and the
distended caviyes be-
came smaller but did not
mally disappear for 18
months after the onset
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LUNG ABSCESS .

treatment, whereas others appear to be more benign and easily controlled The

majority of cases are dary to lestons onginating 1n the 1l al region ;
!\hgrauc)mvnlvement 15 usually preceded by sub-phrenic infection, which in turn is
by an empy p and chest-wall invasion, Primary

mvolvement of the lung occurs oicas;onally and may give nse to pulmonary
suppuration with abscess formation ; the abscesses are subacute or chronic but
often progressive, and ivolvement of the pleura 1s common. The fungus is
occasionally found in the sputum, but more frequently the dragnosis is made on
biopsy matenal, taken at the time of drainage or resection.

Treatr‘nem consists 1 full and prolonged courses with antibiotics ~ Resection
may be ‘practicable 1n localized lesions, but i extensive cases with an empyema
eradication 15 more difficult (McNab, 1945) -

Friedlander’s bacillis N

Infection of the lung with the Friedlander bacillus usually results 1 a severe ill-
ness with a high mortality  The first report of less severe and non-fatal cases was
made by Westermark in 1926 Brock (1946) recorded 2 personal cases of the more
chronic type, and since then other symilar cases have been more widely recogntzed
The chronic forms of infection assume one of two forms : (1) massive consolida-
tion with abscess formation (pseudo-lobar pneumoma); (2) cavitation with
fibrosss, closely chronte pul y tub if diologically (Fig 99)
Diagnosis depends upon obtaming pure or almost pure cultures of Bacillus frred-
linders (Kiebstella pnenmomae) from the sputum ; these may only be found in the
earlier stages because they are later over-grown by secondary invaders A correct
diagnosis may thus be missed 1f cultures of sputum are not made early, (Fried-
lander’s bacilus 1s sometimes 1tself a secondary invader, so that its appearance with
other orgamsms 1n the sputum does not of necessity indicate a true Fredlander
abscess ) An empyema may comphicate the abscess, and pure growths of the
bacillus may be recovered from the pus

Treatment consists in full courses of streptomycin ~ Some cases prove reststant
to and 1n these should be employed 1f p ble.

Entamoeba histoly tica

Lung abscess formation due to Ent Justoly trea 1s xare, but its occastonal occurs
rence and recogmtion are important because lesions are usually responsive to
appropriate therapy  Dragnosis may be made by finding ova or cysts in the sputum
or 1n secttons of biopsy material (Harrington, 1930}

Abscess secondary to bronchial occlusion
Complete or partial obstruction of a bronchus nvanably gives nise to secondary

changes 10 the lung and bronchial tree drstal to the block. Thus, obstructive
b abscess, bronchial distenston and

Y SUpp
br ) may all bcr ed The factors which determune the scconda'r)]'
changes are (1) the completeness of the occlusion and (2) the nature of any bacteria
tnvasion  An d or d foreign body usually results in

suppurative changes, whereas an upinfected benign tumour may produce atelectasis

without gross infection
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Abscess ft due to bronchal occl may be difficult to dlslmgulsh from
other forms, but dent chest p , 4 lobar or 1 distribution of
disease and an atypical course or lack of response to treatment should arouse
suspicron,  The diagnosis 15 usually readily made by bronchoscopy or broncho-
graphy  One of the values of routine bronchoscopy in cases of lung abscess lies in
the duagnosts of cases belonging to this group
Carcinoma

These cases are caused by tumours ansing 1n the larger bronchy, and the abscess
15 a disinet secondary mamfestation due 10 suppuraton  They must not be con-
fused with a breaking-down peripheral Ap hastory of cough,
sputum, and particularly of haemoptysis should suggesl the diagnosis which can
often be confirmed by bronchoscopy

Treatment 1s that of the primary lesion  Pneumoncctomy should be carried out
\\hencvcr possible and palhative resections nre Jusuﬁable m 1h|s group In

drainage of the abscess

n?
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Bemgn tumours—adenomas

Like carcinoma, these tumours may give rise to suppuration and abscess forma-
tiom 1n the lung distal to the occluded bronchus ~ On the other hand, infectron is
often less obvious and severe than in the former group Diagnosis is usually made
at bronchoscopy, and treatment consists tn the removal of the tumour and the
mvolved lung tissue 1n as conservalive a manner as possible ’

Bronchostenosis

Stenoss of the bronchus may be due to mahgnant 1nvaston, tuberculous 1nvolve-
ment, trauma or external pressure, and may result in suppurative changes beyond
the narrowed or occluded bronchus  Treatment will depend largely upon the
primary condition

Intrabroncinal forergn bodies
Blood clot, inspissated mucus, teeth, fragments of bone, or similar substances
may be accidentally inhaled and lodge in one of the bronchi  The bronchus 1s
obstructed partly by the foretgn body and partly by cedema and granulation tissue
Distal to the obstruction the bronchus becomes distended with pus, forming 2
** bronchial abscess " (Thomson and Negus, 1948) The lung distally may or
may not be permanently damaged  In the Iatter case removal of the foretan body
combined with chemotherapy should result in complete resolution
The diagnosis 1s suggested by a hustory of inhalation of a forergn body, a recent
dental extraction or an operation, particularly if the latter has been performed on the
upper respiratory tract  The diagnosis may be contirmed by bronchoscopy, and
removal of the foreign body can often be carned out  When this 1s impossible,
postural di and p therapy may ionally dislodge the
foreign body, but, should this fail, surgical removal, bronchotomy or resection will

be required

Post-atelectatic obstruction o
This group requires special emphasis, owing 1o the grave prognosis 1f 3t is not
recognized and treated early and effectively ,

The conditton origmates in an 1 post-operative atele ; the
atelectatic lung 1s 1nvaded by virulent pathogemic orgamisms, the mvasnon'resul'ung
10 £ross and multiple at The cond is an extr y serious

, and the patient 15 often gravely 11l and toxic, with a high fever and expectora-
ung m . Spread to other parts of the Iung occurs

ting much foul purulent sputum of
frequently and early, and death from toxaemma and anoda is common (se¢
Fio 100) ) L

. Eetaon v
Early recogmtion, followed by prompt treatment of the snuite aw
postur:{l dramage and bronchoscopic or catheter suction, should prevent this very
serious comphication.
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Fic 100

Vascular emboli

Infaret of lung —Uninfected pulmonary emboli rarely give rise to abscess forma-
tion but occasionally such mlarcts become infected and result in an abscess
{Fig 101)

Praemuc abscess —Lung abscesses secondary to a generahized pyaemia should be
readdy recognized  Repeated embolt will give rse to multiple abscess
scatteted (hroughout both the lungs, but occasionally a solitary abscess may be
found
Injuries

Haematoma of the Jung —Traumatc or perat i yh 3
Iihe infarcts, rarely become infected  The usual course results 1n slow absorption
of the blood, but some of 1t 15 expectorated  Occasionally, however, the haematoma
becomes infected either from orgamisms circulating in the blood stream or from the
bronchial tree '

Foreign bodies in the lung —Smooth, spherical, metallic or inorganic foreign
bodies tying 10 the tung substance may remain quiescent and unassociated with any

29
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Fig 108 —Infected -

farct  (a) and (3}
two days after the
classical story of pul-
monaryinfarctionfol-
lowing gastrectomy
One week later was
coughing up blood-
stained pus and film ;
{c) now shows an
abscess cavity,
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mfection for long periods  Ragged and icregular metallic foreign bodies and
- B T I

. e I ov0 v o s
DR T . N R
substances may give no clue to therr presence on the x-ray film (Fig 102) The
previous history of the case may indicate the correct aetiological factor  Treat-
ment will consist 19 resection of the involved area

Non-specific suppurative pneumonia
Approumately one third of all Jung abscesses are due 1o specific organisms
or factors, as outhined above The remainder exhibit no such specific charac-
tersstics, but they have certamn ponts in common In the past many attempts
vabran i . P ERaigt

P I AP I

particularly that of treatment This diviston, howener, does not appear to be as
NS B -

the course and prognosis of the two groups are not borne out by pr;senlld:ly
expertence
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Fio 102 —Lung abscess secondary 16 itra-putmonary foregn body  This
patient presented with an abscess in the right lower lobe and was
expectorating several ounces of pus daily and having repeated frank

Brock (1945, 1946, 1947) did much to clanfy the subject by s clear descniptior
- e . PP S A R Y

(1950), 1n an atiempt to clarify the subject, has regarded these cases as representing
varying degrees of severity of a chromc suppurative pneumonia caused by
the inhalation of mfected particulate matter ‘That aspiration or inhafation of
fected material 13 the smportant factor 1s supported by the following
observations

chdm e bl e 3l o T en sha teanhan

{2) A survey of the anatomical site shows that the majority of absoesses favour tne
sites mentioned m (1) above . N
(3) The finding of dental sepsts, uUpp pi yi aud previous
n a significantly high proportion of cases .
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4) The OCurrence of Organismy 4 a jung abscess Simular 4o those found 4
ose

icholson Suggests thqq the « benign asprmangn Pruemon,, » of Ramsﬂy a
Scaddmg (1939) fepresents a r:!amcly bemgn form of mhdlauon Preumop,
Acute putnd abseegg ePresenss 5 more scvercmfecnon. With other Cases Iying nte
mediage between the 1y4 and :x)ubmng Varying degreeg of suppurauon a

e “sprcadmgsuppummepneumonms "of‘ScHorsandh:s colle; gucs(l946) car
be fegarded ng dn lnrermedmtcform, which 8 prone 1 acutc:xacerbnuon, due 1o the
lendency 10 spreag and nvolye Tresh reas of the jyun n of the 27
€aSes wineh they dcscnbe. nfectioq of the uppcr-rcsplmory tract o5 denta} sepsis

ne

I seems pmbable, lhcrtlhte. that the componcms of ths large he:erogcncous
&roup a0 Probabjy, all mem, s of 5 SIngle bage entity, Which Nrchalson has
nO7- s rnanll'csm!lons of

thy

n; f the ed m,
Isms Present ¢ the Iung, (3) the Presence Or absence of anaergpq ditions i the
favoly ed area, any {4) the OCurrence of tung Recross ang sloughmg 8 addingy to
suppumuon
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EPIDEMIOLOGY AND IMMUNOLOGY OF PULMONARY TUBERCULOSIS

deaths 1 1631, when the Bills of Mortality began to be recorded, and ¢
25 per cent 1 811, Since that date the dsease has steadily declined,
from the war penods  In Great Britain the first census was taken 1n 1801
return has been made every 10 years from that date. Registration of
became compulsory n 1874, and since then 1t has been possible to caley
mortahty rate.

The compilation of 1nternational recards of mostahty rates was somn
by the Health Organization of the League of Nations, and the last serie
issued fn 1935, Table I below is compiled from the Annual Epidemiol
Report issued by the League of Nations (1935), by rearranging the countrie
groups according to mortalty  The figures are deaths from afl forms of
cufosts per 100,000 hving 1t wall be noted that many nations made no re

TABLE |
MORTAUTY RATES £0R TUBERCULOSIS PER 100000 LIVING
Under 50 per 100.000 Betneen 100 and 200 per 100,00
WNew Zealand . B 383 Lathuama .. .
Unyon of South Africa . 404 Northern Ireland
Austraha s Spamn . ..
Austna e

Between 50 and 100 per 100,000 nish Free State
Denmark B - 518 Cechoslovakia
Netherlands 524 Greece
Canada 603 Hungary -
England and Wales g Portugal .
Scotland . 736 Estona .
Belgum %8
Italy 888
Sweden 942 Over 200 per 100,000
Switzerland a7t Chile . . . .

In the United States of Amenca the mortality rate for tuberculosis per 100,
hiving was 47 1 1n 1939, and it was reduced 10 4D ) 1n 1945; in 1951 the rate
England and Wales was 56-2, Scotland 73 7 and Ere 123§

These world statistics are a useful index of the prevalence of tuberculosss,
1t must be borne in mind that they represent fatal cases only. Moreover,
standard of diagnosis vanes a good deal according to the facilites avatlable
different countries Yt 1s essential, therefore, to employ all possible methods
nveshgation 1n order to arrive at a correct estimate of the extent of the dise:
These ate lin tests, mass radiograph i of clinical cases seck
advice, death fi 3 ; and post. tem. i A com
nation of these methods applied to a particular group of persons of to the popu
tion of an area {a tuberculosis survey) is generally accompanied by an 1nqu
also nto the causes of the prevalence of the disease  When considening grot
of rases diagnosed dunng hife it is usual to divide them into.classes, (1) late
active, (2) chinical active, and (3} inactive.  In the case of pulmonary tuberculos

1o sputum-posiive and sput ggative groups enables the epiden
ologsst to gauge to some extent the seriousness of the carrier problem, especial
if the sputum-positive cases can be further separated into ambulant patien
and those in institutions

Tt 1s important to remember the association of diabetes mellitus and pulmonat
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EPIDEMIOLOGY AND IMMUNOLOGY OF PULMONARY TUBERCULOSIS

Standardized death rate

The ratio of total deaths to total population as given 1n the crude death rate
may, however, be misleading 1f the area or country for which it is given hasa
Tugh proportion of age-groups which are necessarily subject to high death rates,
In England and Wales for instance, for more than a generation the proportion
of chlldrgn has been decreasing and persons past the prme of life increasing
“‘Accordmg]y we must ehiminate or make altowance for the age and sex con-
stitution of a population before we can accept the total death rate as a samitary
index " (Woods and Russell, 1936) This corrected figure 15 known as the
standardized death rate, and 1s the mast reliable 1ndex of tuberculosis mortality
The figures for 1944 are quoted from the Report of the Chief Medical Officer
to the Mimstry of Health (Jameson, 1946) (Table 1V}

TABLE 1y

STANDARDIZED Death RATES PrROM TuBERCULOSIS PER MILLioN (Mimstry of Health, 1946}

Respiratory | Other forms & Al forms

Males | Females | Persons | Males | Females | Persons | Males | Females | Persons
2 |\ s | s | uz [ e | se | 485 | et

Proportional mortality
Proportional mortality consists in expressing the deaths from tuberculosis as
a ratio of the total deaths from all causes, as set forth in the Table V.

TABLE V
PROPORTIONAL MORTALITY FROM TUBERCULOSIS AT ALL AGES
0 of deaths, Ratio of deaths,
Deaths, tuberculosts, ’ Deaths, tuberculosts
Deaths, tuberculasts, alt farms, to tuberculosts of respiratory
all causes at forms deaths, of tespatory | sysiem, to deaths,
all causes system all causes

Males | Females| Males [Femalos| Males [Femates

7913 | 1209 | 1'398

Males | Femalos| Males | Females

245436 1 235,838 ] 13,607 | 9767 | 1179 | 1242 | 14755

1f, however, the number of total deaths 15 unusuaily high owing to some excep-
tional circumstance, such as an influenza epidemic, this method of caleulation

can be nusleading

Autopsy records )

Post-mortem lons 1 general hospitals provide a better alternative
than do death certificates, since the diagnoses are obvicusly more accyrate
But a great deal depends on the type of case admtted to the pamcu!ar‘hnsplt'nk
For instance there 1s a natural refuctance on the part of most public bodies
nowadays to admit open cases of tuberculosts to general hospitals unless some
means of segfegation 1n a special block or pavihon 1s av:ul:.xbk

Again, a clear distinction must be drawn between cases in which the deaths
wete due to tubercufoss and those t which a small lesion could be regarded
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EPIDEMIOLOGY AND TMMUNOLOGY OF PULMONARY TUBERCULOSIS

%

7

Fi6 104 —Respuatory tubercufosis in England and Wales. Death rate by age
and sex 1n 1931-35 and 1947 (By courtesy of * Tubercle™.)

tuberculosis, the fatter includes both late primanes and refapses; the former
15 a mortality curve of acute tubercuiosis, whereas in the fatter chronic forms
predomunate ; 1n the former the respiratory forms of the disease are in a minority,
and in the fatter they account for the major portion of the deaths ; the former is
either a household or a milk-borne nfecuion except for the rare instances of
tuberculpsis acquired at school , the latter includes most of the extra-domiciliary
cases, the majority of which are aftributable to industry. In considering the
graph 1t should be noted 100 that the Jowest section of the curve represents the
school-age period ; 1t never again, to the end of the graph, reaches such a low
level. The peak of the adult curve is higher 1n males than in females, but 18
reached later sn bfe. Several explanations are offered for these facts, Two
may be emphasized as particularly 1mportant, namely, the slow response of the
adolescent-gurl group to the genera trend of dectine n tuberculosts martality and the
sersous effect of certain lands of industry on tuberculosis in the middic-aged
and elderly males

Stocks (1949) drew attention to the slower fall in mortality that has occvrred
1 older males 1 recent years, so that the peak of mortality in males occutred at
the age of 60 years 10 1947 (Fig 104) Springett (1950) explains this by stating
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E\’lDEMlOLUG‘I AND )M‘.\\UNOLOGY Oof PUU\\ONI\R‘I TUBERCULOSIS

TUBERCUL(N SURVEYS

A postiveé tuberculin test 15 & protein hypersens'mvny reaction 10 an injection

of old uberculin into the kin, and 1t 18 assumed that 2 positive reaction thus '

dic: an infection with the qubercle pacitlus, put does not distinguisht

petween povine-type and human-type strains of the organtsm o the ety

uberculin surveys (se€ Topley and Wilsoh 1943) the {echmque used was that

devised bY von Pirquet 10 1907, which consisted 11 placing 2 drop of undiuted
aking 2

Koch® old tuber! uhin on the kia and ™ ing tch throug! th P a
¢ The quberculin B ed consisted a brof ltuce f the bercle paciilus
from which the of! msms B removed filtratic’ ¢ broth then
concemm(ed and st dardized late years unified prot denwative O
the cultur®, known & has been 1args s with 2 ded m\mderma
ynoculatio! technique gene 1y Wi x tes though it ordel
o obviate the objectton o an mject on, specm\\y ubercutin § ys of hildret,
snunction © tuberculin made up il 3 od) O cation to e
s of 2 P tch of i oaked ¥ perculin (Volt s M 15 :mp\oyed as
al alternativé the caded 10t test 2 p\'ehmmary jection of 01
mittihtre of 0, on [} fberculin ¥ gven s { thi nelds & negaltveé
reactiont 48 hours 2 second njectiont o ihitre O dilution 15
given, nd, of this again egative, & n 3 hours & th injection of
ot Fititre of ditution 18 emp 4, Althoue Ko 1d tubel culin
was Ongw iy casured bY volu chitrary s ard has Ibc:n accep!
that 01 fbitre 1 dilution 18 equivale! mithigrac® A redde! ed
papu\e 10 \ihmetres 10 diametet t th 48 hours ¥ gencral\y nccepled
s the andard PO qve reactt Al manner nations een p\oyed
1n the selectton © grou! § persons o 0 these t1bere surveys:
nd the ooty conclusion o0 to them alt 15 that & positive reacty ndicates
an infection ith the {uber le bacillus t does t necess: il al activity
in the cume 1 or & (ologieat 5ense, N ich 44) has P L, we do
average durati of tub roulin ensitivity following 1ghts well-
resmed nfections not, 1t , do we ow muc! h \ubercu\m
reaction’s of .nfectton nical © servations on con acts 8 d eriment’
wit G pacillus ( is, 1 6) hav how! bcrculm
reaction pecome: il 111ve ab s after nfecttons at if 00 sxgn;
of mptoms of disease superven® and 1f 80 reanfection takes place xepenled
tests wil gwve feebler PO e reactio! untd! negative 15 obtain® L\ayt} ;\n
‘Macp son (1 3) f Jlowed ¥ 0! percul n-posity London schoa\chll ren
and fo! d that 2 had pecome negative i two years
The statistics e survey yary marke dffer countries
ufferent me The atly SuTY yS with the YO rquet tech 1 the 185
aties of Europe be! Wo ar 1 8B 4 that the perc ntag of positt
actors 10 chitdre f <chool 28 (under 14 years) n was over 10, m Par
g0 and in over 9 Gloyn®s 1944). 5 (19449, nowever e
the fact that ¥ f these early § cveys the persons tested were dlsg)ﬂ':‘(‘!
patients and those ! 1ow-inco! group” 1n the ern Survey> ; e o
f 1 student dhospua\nre hav forme ala

hand, groups of



TUBERCULIN SURVEYS

proportion. He gives an instructive table of American surveys made since 1930
which shows that the percentage of positive reactors nises from 05 in the 0-1
year age-group to 35 in the 10-14 years age-group, and eventually reaches 95
1n the 45-49 years age-group, and remains at that proportion for all other age-
groups to the end of Ufe
Great Britmn was comparatively late in the field with these surveys In the
recent Prophit Tuberculosis Survey (Daniels and his colleagues, 1948), a table
1s given setting forth the results recorded 1n a number of mvestigations 1n England
since 1931 These figures relate to adolescents and young adults only, and range
from 65 per cent to 92 per cent of positive reactors in the different senes  Com-
panng them with the records of some other countries, the report makes a general
estimate for them ali of 85 per cent positive reactors in young adult males and
82-83 per cent m females Most of the senes, however, are concerned with
student nurses, n whom the proportion of reactors 15 1n some cases exceptionally
high , m any case they are a selected group  The work of the Prophit Tuberculosis
Survey will be referred to 1in greater detail below , meanwhile D'Arcy Hart's
figures for the London area deserve spectal attention (D'Arcy Hart, 1932). In
751 patients selected at random from certain hospitals (with the exclusion of
suspected or proved cases of tuberculosis) he found that the adjusted percentage
of positive reactors with a 1 1,000 ditutron (intradermal test) was 6 5 in the 0-2
years age-group, 17 1n the 3-5, 30 § 1n the 6-10, 60 5 1n the 11-20, and 88 in the
21 years age-groups
The Scandinavian countries have made the most extensive surveys A number
of these are given by Ustvedt (1942) At the beginming of school age (7 years)
the Oslo working-class children show futly 20 per cent reactors and the middle-
class children barely 10 per cent , at school-leaving age {14-16 years) the curves
have risen to 60 and 25 per cent respectively , at 20 years of age to 85 per cent
for the working class and 50 per cent for the middle class; and finally at 45
years both groups have attamed 100 per cent of positive reactions These tests
were, however, generally made with the von Pirquet reaction  Ustvedt (1942)
estimates that half the Service recrutts, nurses and students of Norway attain
the age of 20 years without being infected with tuberculosis  Investigations in
Denmark and Sweden, quoted by Ustvedt, indicate that 1n these countries infection
takes place probably earhier in ife  His figures for nurses, students and recruits
1 France shaw up (o 40 per cent negauve feactions, whereas those for Germany
(quoted from Redeher 1n 1937) yielded 30-40 per cent positive at school-leaving
age
Amidst all this the reader may well find 1t difficult to see the wood for the
trees  Opportumties for tnfection vary greatly according to the socal habuts
of a people  Moreoner, 1t 15 easy 1o be musled by the publication of figures
compiled from groups of persons, such as nurses, exposed to special risks.  One
thing, howeser, scems to be clear #The old wiew that infection 1n childhood
15 the ::Im:m‘mmriablcl r.ule 1s no longer tenable, and as a working hypothesis

25)
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TUBERCULXN SURVEYS

A postive ubercuhin test 15 @ protet hyperscnsmv‘ny seaction t0 an injecttod

of old lubercu\m Jato the skin, and it 18 assume that & posmve reaction \hus‘

elicited 1ndicates an nfectio® with the tubercle bacillus, put does not dxstmg\ush

petween povine-type and fuman-type strains of the organism- n the carly

uberculin surveys (€€ Topley and Wilsof, 1943) the techmque used was that
ul
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proportion  He gives an mstructive table of American surveys made since 1930
which shows that the percentage of positive reactors rises from 05 in the 0-1
year age-grotp to 35 1n the 10-14 years age-group, and eventually reaches 95
in the 45-49 years age-group, and yemains at that proportion for ol other ages
groups to the end of life.

Great Britain was comparatively late in the field with these surveys In the
recent Prophit Tuberculosis Survey (Damels and his colleagues, 1948), a table
is given setting forth the results recorded 1n a number of vestigations 1n England
since 1931, These figures relate to adolescents and young adults only, and range
from 65 per cent to 92 per cent of positive reactors in the different series. Com-
panng them with the records of some other countnes, the report makes a general
estimate for them all of 85 per cent positive reactors 10 young adult males and
82-83 per cent in females Most of the series, however, are concerned with
student nurses, in whom the proportion of reactors 1s in some cases exceptionally
high ; 1n any case they are a selected group  The work of the Prophit Tuberculosis
Survey will be referred to in greater detail below, meanwhile D'Arcy Hart's
figures for the London area deserve special attention (D°Arcy Hart, 1932) In
751 patients selected at random from certamn hospitals (with the exclusion of
suspected or proved cases of tuberculosis) he found that the adjusted percentage
of positive teactors with a 1 1,000 dilution (intradermal test) was 65 1n the 0-2
years age-group, 17 wm the 3-5, 30 5 1n the 6-10, 60 5 in the 11-20, and €8 in the
2{ years age-groups

The Scandinavian countries have made the most extensive surveys A number
of these are gien by Ustvedt (1942) At the beginning of school age (7 years)
the Oslo worlung-class children show fully 20 per cent reactors and the rddle-
class children barely 10 per cent, at school-leaving age (14-16 years) the curves
have nisen to 60 and 25 per cent respectively ; at 20 years of age to 35 per cent
for the working class and 50 per cent for the nuddle class; and finally at 45
years both groups have attained 100 per cent of positive reactions. These tests
were, however, generally made with the von Pirquet reaction  Ustvedt {1942)
estimates that half the Service recruits, nurses and students of Norway attan
the age of 20 years without beng infected with tuberculosis  Investigations in
Denmark and Sweden, quoted by Ustvedt, tndicate that 1 these countries infection
takes place probably earher 1n lfe  His figures for nurses, students and recruits
in France show up to 40 per cent negative reactions, whereas those for Germany
(quoted from Redeher 1 1937) yielded 30-40 per cent positive at school-leaving
age.

Amidst alf this the reader may well find it difficult to see the wood for the
trees  Opportunities for smfection vary greatly according to the social habits
of a people  Morcover, 1t 1s easy to be misled by the publication of figures
compiled from groups of persons, such as nurses, exposed 10 speaint nsks One
thing, however, seems to be clear, #The old view that infection in childhood
15 the almost invariable Tule is no longer tenable, and as a working hypothests
1t may be fauly assumed that nowadays about one-third of our elementary school-
cfuldren in large industnal towns will give a positive tubercultn reaction at the end
of their school career, that this figure will nise to two-thirds by the time they
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reach adult 1ife, and that pmc\\ca\\y alt who attain 10 middle M gc it
have bee? yofected- {n curdt areas 0ese figures may welt be \owe g witt depcn
a good deal On the pmva\cncc of bowine {ubetcw! culosis 10 dsmc( and M
uppoﬂunmcs for the pas\eumahon of vk

Mass 13 rography 18 app\’\ed only @ xad\ogmphy of \\e chest. 1t begal h the

use of 2 full-aize film The most mponam. survey with this method 18 Gm\

prian was that ‘made ©Y ngﬁc\d and Mac herson 1936) it 2381 o do\escen\s,

of whost 1,350 were secondaty sc‘noo\du\d(en and \03\ employess in facto 0fI%S

and shoP® The authors d\scovered 1.08 pet cent O! {md\o\og ;sh g v b:\\c‘lr.d
¢! nite.

1o be pro‘mb\y due 10 tube(cu\OS\s and O 65 Per ¢ cent T® arde The
next phase was the us® ofa full-size papet film, but t very few 1 eco ds wete & omp\\td
with 18e me\hod and 1t soon ave PIE 1o the m\m:nurc 1 Al Ex (ensive
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MASS RADIOGRAPIHY

The findings in surveys 1n Northamptonshire and Lancashire have also been
published, The former, recorded by Smuth (1947), included persons of 14 years
of age and upwards volunteering for examimation in 4 areas of the county,
from factones and offices The 1ncidence of cases of active tuberculosis for all
occupations was 4 56 per 1,000 The boot-and-shoe industry, the operatives of
which form an important part of the factory population, showed an ncidence
of 585. When this group was excluded the figure for all other occupations
m the survey was 349 In Lancashure, Bradbury (1947) published the statistics
of surveys of 8 factory groups comprising 74,208 persons.  He found 239 active
and 100 1nactive cases of sigmficant tuberculosis, a total of 339, or 4 6 per 1,000,
Of 1,515, or 25 8 per 1,000, cases of non-significant tuberculosis, 400 were tnactive
and 1,515 were healed The figure of 46 per 1,000 represents cases which were

unkn to the d and Bradbury concludes that 1n addition
to the pulmonary tuberculosis in the general population of which we are aware
through the ordinary channels of and dispensary there

1s an approximately equal inctdence 1n those age-groups and sex groups represented
by the factory workers, of which we have no knowledge apart from mass radio-
graphy He ponts out that the ime of the survey was, of course, abnormal,
since so many fit persons were away 1n the Forces, whilst some of the less fit
probably continued at work owing to the urgency of war needs, and he considers
that on the whole the annual ve-examination of alt contacts in the dispensaries
would probably give better results /The most valuable achievement of this
mass radiography survey from the pubhe health point of view was the discovery
of the sputum-positive symptomless case’ It brought to light 1 sputum-
positive and 3 early non-mfective cases per 1,000 among the groups of factory
workers examned

GENERAL TUBERCULOSIS SURVEYS

The various methods of estimating the incidence of tuberculosis described above
have concentrated on particular lines of approach such as the recogmtion of the
catly symptomless case or the notfiable case or the fatal case A general survey
ams at correlating these methods concentrating them on a particular group of
persons, and at the same time inquiring 1nto the causative factors behieved to
be responuble for the prevalence of the disease and drawing conclusions which
may or may not apply to the country as a whole A survey carried out shortly
before World War I at Framingham, a small town 1 the United States of America,
15 generally regarded as having been the pioneer. The most extensive survey
made in Great Britain 1s that of Bradbury (1933) at Jarrow 1n 1930-31  This town
was chosen because it had an unusually high mortality from tuberculosis and
occupied an important position in the ship-bwlding industry on Tyneside The
neighbouning town of Blaydon, which had a lower mortality, was used as a control

At the time of the survey the deaths from tuberculosis accounted for 13 2 per cent
of alt deaths 1n Jarrow, 9 3 per cent 1n Blaydon, and 7 § per cent in England and
Wales as a whole No less than 25 factors were vestigated 1n the course
of the nquiry. Most of these earhier surveys concentrated on the environmental

factors, which prosed to be so many and vanable that the later suneys
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GENERAL TUBERCULOSIS SURVEYS

culosis or other forms of il health Thurdly, of cured and arrested cases which
survive a period of ten years, the wastage 1s reduced to about 14 per cent  Lastly,
nhight manual or clencal indoor workers would appear to have a slight advantage
over manual mainly outdoor workers, and a 10 per cent advantage in respect of

t survival after ption of duty.

Stewart and Hughes (1949, 1951) studied the results of minsature mass radio-
graphy m Northamptonshre and found that the incidence of newly discovered
active disease 1n 1935-46 was higher in the boot and shoe factories than in other
mdustries in the county. In the boot and shoe industry this type of case was found
as often among men as among women, whereas 1n other occupations women were
chiefly affected They also found the case incidence was higher in large than in
small boot and shoe factaries and higher for checkers, lasters, and finishers than
for rough stuff workers

TABLE X
PULMONARY INCIDENCE 1N BOOT AND SHOE FACTORIES ACCORDING
70 NUMBER OF WORKING POPULATION

Pulmonary tubrculosis

Size of working populaion e et 1000
1-100 o 31
101-200 52
N 201-350 62
1-600 14
Qver 600 101

They concluded that certain types of work suit the requirements of physically
handicapped persons, and that this applies to the boot and shoe tndustry which 1n
194516 was employing an exceptionally large number of previously notified cases,
chronic undiagnosed cases and acute undiagnosed cases When these were
controlled and a second survey carsied out in 1943 the incidence of newly discovered

PR UL A o s -
other rough stuff workers partly because theie work 15 relatively heavy and partly
because they are more widely spaced than other workers

The Prophut Trust Survey was concerned with § groups of young adults : (1)
R - N - 15, 3 gIoup

- . « (3) medical

The nurses

were divided 1nto 2 subgroups . (a) from hospitals admitting all classes of patients
including the chrome sick and advanced types of many diseases and having
tuberculosis wards for advanced and open cases ; and (b) from hospitals which
were more selective 1n their admissions, had no tuberculosis wards, enjoyed
a more generous bed-spacing in their wards and recrurted few Insh and Weish
nutses, who generally show a lower natural resistance. All petsons included
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in the survey were volunteers. Altogether 10,000 young people were examined
in the survey. They were all presumably healthy on the first exanunation, they
were drawn from vanous sections of the Population and they were re-examimned
at regular intervals for varying periods. In the group of navy boys the mean age
was 16 years, 1 the nurses, medical students and controls it was 21 years, Most
of them were English from urban areas with the exception of the hospital group
(a) nurses, which group had a relatively high percentage of Irish and Welsh from
rural areas  The results of the tuberculin tests have already been feferred to
A radiological examination on entry into the survey revealed that 0-5 per cent
had lesions which were considered tuberctlous and probably active, and neary
1 per cent showed evidence of nactive “ reinfection” tuberculosis and from
5 per cent to 9 per cent calcified foct  The incidence of visible pulmonary lesions
was highest 1n country girls who had spent a year or two m an urban distnict
before entering the survey. N

Many obstacles were encountered in carrying out the survey in war-time and
1t was not found possible to do all that was planned, but the investigation is the
most thorough so far undertaken in Great Britam on hospital nurses. A valnable
summary of the survey has been wntten by Jacobs (1948) in which he stresses
the fact that it 1s a record of 1 certain middle-class groups ; no
survey of industrial workers was attempted

TUBERCULOSIS IN INDUSTRY

The Industrial Revolution 1s generally regarded as having commcnccq about
1760 with the myvennon of steam power and various mechanical devices for
ncreasing production (for example, power looms, carding engines and new types
of spinning frames) and to have been completed by about 1840 when Parliament
had become sufficiently ahve to what was happening to introduce special Acts
for the control of industry. Duning this pened tuberculosis is believed to haI;e
been rife 1n the newly built-up industnal areas, though the maortality m the ol ;
established rural districts was probably hitle affected . At the end of the In;igét(r)&
Revolution the mortality was probably i the region of 200-300 p;r 100
living, but no really reliable figures exsst, feast of all figures dealing witl ;n us {va.
Collis (1923) lays down the following general rules W}]cn a cou?try cg;mmy
change over from agricultural pursurts to mdustry a rise in tubercu! omumgmong
takes place mn the young adults of the new xnfll‘xsm‘al areas, cs;}ecfnla yartamy
the males As ind il jons become the peak oﬁ i 17 mu ey
recedes to the later age-groups ; chen the rate begms to fall and ‘r:’ns ();,mlt e
orgamzed areas, may reach a lower level than in backward rural :dcncc \han
the same tume certain (ndustries stand out as having a_higher chu e old
that of the peneral population, by reason ?f their special nisks, (I;x ef I
phrase * the tuberculosis-ndden industrics ** happily no éanger app

“ " 1a industrial tuber-
Brlilat:. The dl.m-hazard group ™ bears Ithe 'gr'e’mesf rc,.r I
culosy o

B . . . »ws the position
ll""‘lgh ality rates per
1n other anew. .« " :
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EPIDEMIOLOGY AND IMMUNOLOGY OF PULMONARY TUBERCULOSIS

TABLE Xit
TotaL Tusercurosis Deatis, 193842
1938

1939 1940 1941 1942
___55% 25,623 3148 8610 | 25408

By \l}: mddle of World War 11 the situation had nighted 1tself, but this was
not so in the devastated area of Europe, where the conditions remaia extremely
serious A report made by a group of physicrans working under the anenicas
OF TINDD & mct nsbn caes E d i >
tior
fror  ss as . ae s
the

DECLINE IN TUBERCULOSIS MORTALITY
The general dechine tn mortality may be attributed to a general 1mprovement in
preventive medicine and hygiene and 1n social conditions during the last century
and to the direct attack on tuberculosis since the discovery of the bacillus in 1882.
As noted earlier 1n ths chapter, statistics before the muddle of the nineteenth
century are not entirely rebable In 2 detailed survey D*Arcy Hart and Payling
Wright (1939) have shown that (1) during the latter half of the nineteenth century
there was a steady decline 1 phthisis mortality 1n every age-group, (2) about
1900 a check took place mn this ump and the sut declme 1n
mortality has been slower ; (3) a further setback occurred 1n World War I; and
(4) the retardation of the rate of decline has been most marked in the young adult
age-groups, [Expressed statistically, Heaf and Rusby (1948) note that the annual
rate of decline duning the 60 years period 1851-1910 was less than 1 per cent,
a0d duging the peried 1911-46, which sncludes two devastating wass, it was neady
2 per cent
INFECTION *

Portals of entry
The respiratory and digestive tracts are the common routes of infection. Invasion
by the sk is confined to a very small number of persons who handle tuberculous
material, and even lupus 1s nowadays regarded as a haematogenous spread, and
direct genito-uninary 1nfection 1s a bacteriological curiosity. At the beginniog
of ths century pathotogists were divided as to the relatve importance of the
respiratory and digestive tract portals of entry, but the work of Cobbett (1917)
followed by that of Scott (1930) and Blacklock (1932) has left little room for doubt
that as far as post-mortem evidence goes the resp y route 1s the T
Tubercle bacilli may reach the digestive tract through food or as a contamina-
tion of crockery and table utensils or by way of unwashed hands (for :xamplg.
after the sorting of soiled linen) In the case of the respiratory tract, two possi-
presence of tubercle bacillr 1n the dust of rooms
used by tuberculous persons ; and (b) the adhesion of bacilli to fine droplets
of saliva or pharyngeal inated 1 the air by coughing ]:’f
sneezing. This so-called *droplet infection ™ is generally regarded as the

bilities are recogmzed * (a) the
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EPIDEMIOLOGY AND IMMUNOLOGY OF PULMONARY TUBERCULOSIS
¥

cent, mouth 78 3 per cent, lung 20 per cent, and oesophagus 18 3 per cent, bu
the majonty of the cases mote than one prmary site was discavered,
mpressive fact 1s that 1n an infection which was known to have taken place by 1
of the digestive tract there were no Iess than 20 instances of primary foci in
fung It seems probable that this was due to regurgitation of the vaccine into
tespiratory tract dunng its administration  Ths has been found fo occur
in calves expenimentally fed with nfected quik

Carriers

The tuberculosis carrier 15 obviously m a different category from the care
of an acute mfective disease He 13 not a healthy person harbouring tuber
bacilli but one whose disease, though active, enables fum to go about among |
fellows whilst expectorating tubercle baciti Generally speaking, there are b
types of such persons  (a) those who are suffering from an early, unrecogmaze
almost symptomless lesion with a small amount of sputum which is regarded
merely the outcome of a mild catarrh, and (b) diagnosed cases who are passit
through an ambulans, generally apyrexial phase, but who still have a positr
sputum  More persons 1n the first group are now being discovered, as a resy
of the mtniature mass radiography surveys The second group is larger than
should be owing to the lack of sanatorium beds Lastly, recent laryngeal ap
bronchial swabs bave increased the number of bacillus-positive cases 1n bot
groups until it 1s difficult to say at what stage a patient becomes or ceases to b
wnfective It 1s probably safe to assume, however, that the risk of mfection ;
neghgible—except for infants and young chidren—tn 2 persott in whose sputnr
tubercle bacilli have not been found in direct films on thres successive tests.

Contacts
Fortuitous contact with tuberculous persons for short periods must take plac
wath all of us 1 daily ife, and such contact s for the most part ummportant
The term shiould be reserved for frequent contact with an open case of tuberculos
for some weeks or months, Under what conditions this snfection takes place
and why some persons escape and others falt vicims when Hving m,'hF samy
environment we do not know Persomal habits and ndwidual variations i
reststance are probably impartant factors  Four classes of regular conmcts';nay
be recognized : (a) famlial or domiciliary : (b) hospdal; (c) extra-domci! 1313'
groups such as those in schools, factories, and other mstitutions; and (d) farm an.
cattle contacts.

+c hae haen recognized stnce Sir Robert Ph'mp
1887 It must be borne 1n mind
ation of the family and x}xe home
sessanily the first or ongm‘al c:x‘se
guang nse to the infection of the h and it 18 Yy o
s - £ 4 —msCad ac ha *andev case
" ’ . 7 those under 5 years of age
W. ! s smnation 1 France he s}:nlke!d
: tubercutous houscholds
that no Jess than 24 per cent of the children burn into ) :
1 Pans died of the dlss:(se No other writer has confirmed these striking figures.
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EPIDEMIOLOGY AND IMMUNOLOGY OF PULMONARY TUBERCULOSIS

Hospital contacts

Among the hospital contacts the nurse has naturally attracted the most attention
Observers seem ta be agreed that she runs a greater nish than do her sisters who
do not nurse but how much greater this risk actually is no epidemiologist has
been able to determine with accuracy. This 15 not surprising because the methods
of appraisement have radically changed. We began years ago noting the number
of climeal breakdowns dunng traming  Then, realizing that tuberculosis might
remain undetected for many months, the inquinies were ettended to at least 2
year after the nurse had left hospital Next, the tuberculin test came into use,
and, finally, the serial skiagram and muniature mass radiography.

Before the use of tub tests and radrol | examination, records of break-
downs from the disease amongst nurses n tuberculosts institutions in England were
collected by Squiwes In a nurse population of 234 there were 3 break-
downs (12 per cent) In 1926, staustics from the Welsh Natronal Memorial
A showed 11 breakd (1 1 per cent) in a nurse¢ population of 996
Thereafter records have been published from many countries which have shown
that the breakdowns varied from 1 per cent to 6 per cent, according to the local

d and the hing ch of the inquiry.  Of these, one of the most
impressing 15 that of Carmalt Jones (1933) 1n New Zealand shortly before World
War IT  He found that 3 per cent of the nurses became chimcally tuberclous
before their tramning was completed, whereas the gitls from th same socral grades
who joined the Hospital School of Massage, the Home Science School of the
Unwversity and the School Teachers Training College had had a much better
record  During the peniod of inquiry, only 2 cases of tuberculosis occurred 0
these 3 nstituttons with a total student population of 1,125.

Tuberculin tests in nurses were mitiated by Heimbeck (1938), fxnd hus figures
for the Oslo hospital have become the yardsuck of all simular inquines IHe
found that the incidence of breakdowns among nurses who were tuberculin-
positive when jointng the staff was 1-4 per cent, whereas 1t was 22 per ger;lt an::;g
those who gave a negative reaction on arnival — Topley and Wilson (1943) ov‘: P }:
potnted out that some of these positives were cases of erythena mdo;“:nrccords
may not have been tubercul Since Heimbeck's work ol tlelcsc Tave
have been published emphasizing the same pornt, but the ﬁg“fltls mdcm © e
not been so stnking It seems clear, therefore, that prnc!:cally al slu] et
become tuberculin positive before t}}e crd ol" their training but only o

n produce active lestons of t
f}::tp?l:g(;aergcn(agc is greater m those who start with a ncg.at{vﬂ "ﬂcm:nr:hablc

Attention was next turned to the sertal skiagram  This is }?(?ﬂjst Report
method of mvestigation and has been used effectively in the Pro)z i; Slllrl tremely
1948) referred to above  But 1n spite of all these investigations s

difficult to ascer! ollow- at least a year
y p follow-up suney for at le
ascertan the facts, and only p : P ;

after the completion of traming m those ho: b
!:;)erculm an% senal radiograph service durng the whole of 1}2:nnu;;c:’um =
will give us the answer  The following tentative conclusxo:s o 'The e orta
drawn as far as the conditions in Great Britain are concerne e aTsing
have good records, and for the most part the prejudice against §
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for unmarned mothers with babies A niath example is cited of a mass radiography
survey of 1,084 teachers mn an industrial city, of whom 11 were found fo haye
tuberculous lesions (3 with active disease, 2 of them with positive sputum)  The
memorandum concludes with the opimon that the chance of infection of children
diminishes on the following scale : tuberculous households~nursery school or
children’s home—elementary and rural schools—large schools in urban areas.

Factory contacts

The prevalence of tuberculosis mn the workers n certain types of factory and
workshop, notably those with a dust hazard, is undoubtedly high, but the evidence
for contact mfection is still incomplete, and no rehable figures are avatlable
The mass radiography figures do not disnguish between workers infected at
home and those infected 1n the factory.

Catile contacts

Apart from the infection of man with the bovine bactllus through milk, there is
a small collection of records by Griffith (1937) which shows that in agricuttural
areas farm workers may become nfected 1n the course of their work in handling
tuberculous cattle The danger is greater probably in handing dary cows,
which may excrete tubercle bacills in nasopharyngeal and uterine discharges, in
faeces, and n urine as well as 1n milk.

RESISTANCE
Resistance to the tubercle bacillus 1s to some extent conditioned by the strain of the
nfective orgamism, and there are many species of bacteria within the family
mycobacteria The following are the main species . (1) a strain affecting cold-
‘blooded animals (for example, frog, turtle and reptiles) bu.t not found in man;
(2) an aytan strain of which only some 20 or more cases of fafection 1 man have
been recorded in the world’s Iiterature , (3) a small rare group ol'.assor!ed strains
of low virulence solated from human lesions but not copforming to smndax;d
strains , (4) the bovine stram affecting man and the domestic anmals ; and (“)
the buman stram which affects man, the ape and very occ:sx'onally other don;:;“c
anmmals  The distribution of the bovine and human strains is given in Table X1IT,

dapted from Topley and Wilson (1943)
* Irf studying ths r)e/ﬂsunce of man to tuberculous mnfection the tsme sequence
Lo

vt aat

Racina their arguments on tuberculin reactions and the r:n—v:lfg

ever dies out (endogenous), Others assume 4 relllecly uvst w « .-

?cxogenous). gr ucg;zcccpt the positive tuberculin reaction as th; 7;;\:\:(13‘230;}]“:
it seems reasonably clear that the age of infection 1s moving rr?m cfx e and
early adult years How far this is due to lesseped opponumnei for ontact 2o
how much can be attbuted to increased resistance 1s not ;o o xmrés A aion
fact now looking at a pathological picture which dlspis)t'ls ‘;'erogss s s
(1) a childhood primary focus which heals ; (2) 2 chul doo ocus vt s
on to dissemmnation of bacilli and death ; (3) a childhood type
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RESISTANCE

TABLE XIIL
DisTRIBUTION 0F HUMAN AND BOVINE STRAIN OF INFECTING ORGANISMS
Stram
Animal
Homan Bovine

Horse g . 1—+
Ox, goat, pig

og + +
Pig, rabbit + +++
Man ++ T+
Ape, guinea-pig 4 +i+
Rat, mouse Y Y

0 = Pracuically msusceptible
= Locat retrogressive iesion
,  =Local tuberculosis st sue of moculation with occasional shight
4 10+ ++ —Increasing degree of suscepubility
¥ Chronic_extensive, gencrally non fatal tuberculous _septicaemia
‘without true caseous lesions (sometimes known as the Yersia
type of taberculoss)
on to adult ife , (4) a primary lesion 1n an adult known to have been previously
tuberculini negative, and (5) a healed childhood lesion with an adult lesion
suggesting reinfection  The last 1s the most equivocal issue and brings us face to
face with the question whether,as D’Arcy Hart (1932) has put it, the extinction of
nfection 15 followed by complete loss of sensitwvity to tuberculin, and with the
warning stressed by Rich (1944) that tuberculin sensittvity may not necessanly
run part passu with resistance  In the past we have placed too much reliance on
single tuberculin tests and radiographs  The story of man’s resistance to tuber-
culosis 1s a serial and 1t ends only at death  Although we cannot measure 1t by
titration 1n a test-tube, there 1s sufficient climcal evidence for the belief that his
resistance increases with age until the later years of Iife, when 1t appears to decline ,
senile tuberculosis has a prognosis which 1s hittle worse than that of the child
Man’s racial resistance, however, 1s unevenly distrtbuted It 1s only the well-
salted white races who display this moderately good resistance  There are primitive
races 1n Central Africa with a very low immumty and a group such as the negroes
and Indians of North Amernica with a good resistance which 1s intermediate 1n 1ts
effectiveness  Cummins (1939) has described the tuberculosis of white races
as “ modsfied,” of the primitive natives as * natural ™ and of the intermediate
group of races who are 1n the process of growing up, immunologically speaking,
as “larval™  Added to these are the peoples of the old civilizations of the East,
such as India and China, who restst the tubercle baaillus fairly well m the en-
vironment 1n which they have lived for centurtes but who react badly when
brought 1nte modern crowded aity and factery conditions
Mechanism of resistance
In man the mechamsm of resistance 1s threefold : (a) anatommcal and
mechamcat, (b) cellwlar, and (c) humoral ~ As examples of the first group may
be aited the itact epithelial liming of the respiratory and digestive tract, the
secretion activity of their various glands and the mechamical movements of
expulsion with which the tracts are endowed Of the cellular defences the
267
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reticulo-endothelial system is probably the most important The humora
defences of blood and tissue fluids are much talked about but difficult to demon
strate, and are little und d  The t of tuberculosis might indeec
take on a new aspect if we could measure the antibodies in the circulating blooc
as we can those of the enterrc group of diseases  Obviously all these different
of r 1n a general onslaught on the invadmg bacillus
and their joint effort 1s most clearly seen in the lymphatic system, The lymphatic
glands, especially those of the bronch diasti and groups,
constitute indeed a most efficient barner against the dissemination of the micro-
orgarsim
It is customary to describe individual resistance as being of two types, natural,
which is inherent in each ammal species, and acquired, which 1s developed as
the result of the vaccinating effect of a small dose of infection.

Natural resistance

In the lower animals, the most striking feature of the mechanism is phagocytosts,
and it 15 so efficient that st 1s impossible to infect many of these animals with the
tubercle bacillus at all  In 1s & more diffe d function
and results in a series of tissue reactions which vary with each species but which
have also fixed characteristics for the species, The exudation of plasma and the
migration of ph from the lo-endothelal system to the site of tne
wgection are common to all  To these may be added, in most ammals, the
formation of reticulin fibres.  Although the tissue reaction is most varied, caseation,
extensive collagenous fibrosis and calctficatton are characteristic qualities of the
Later stages of the reaction in man, but n some of the more resistant mammals,
notably the albino rat, these d - - mannt e pacnit
1 three distinct types of disease . '
an extensive multiplication of
phages which become Isterally , - y
which the condition continues for many months \:u!h?u! the usual manitestations

A mniime Fhis form
. se occurs In

' tion accori\-

v IMOst 1VAIADLY 10nuws e 3 fEW WEERS

paried O¥ wastng anfi ‘r‘ri‘“*hfh"f 'c"?:,:'f"”""a dose. (1i':) The thrrd types include
f which we recognize 2 extremes

rithout meningitis, and (2) a very

but with much ﬁbmsis.'ca(clﬁcdv

4+ e am3 mnmanlate hasline  ‘Lhese lorms appedr to represent an u_n‘m‘u'mt):_“ﬁxf:

+ 1 - 4scamattaac in the 1eactiONS W DOVILE b bt h:;
+ results are much the same  There are u}rh’
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animals with the exception of the pig, which 1s susceptible not only to the human
and bovine steans but glse to the avian straim

‘There are yet other dilferences which may be attributed to anatomscal distn-
bution of blood—vascular and Jymphatic systems which constitute a special
tissue resistance.  The relateve frequency of lesions in the thyroid in the rabbit
and thesr rarty 1 the pig, and the di an types of p ry leston
w the two animals, may be ctted as examples

Lastly, there are types of ussue resistance which appear to be inkerent 1n the
special mature of ussue, for example, the remarkable resistance of the savary
glands to tuberculosis 1 man  Resistance to the tubercle baclus 15 wndeed 2
baffling problem,

Acquired resistance

One of the early contributions made by Koch was hus deseniption of the pnmary
and remfectian lestons m the guinea-pig, which has become known as Koch's
phenomenon. Much water has sun under the brdge since Koch wrote this
classical desersption, and many modifications of the phenomenon are pow
recogmzed It is nol necessary to quote the whale of this historie desenption
Here are sahent pornts as madlfied by ther researches

@) If 2 normal g 1k with a pure culture
of tubercle bacilli the wuund as & rule closes and 1n the first few days seemmgly
heals

() After 10-14 days, however, there appears a firm rodute which soon opens,
forming an ulcer that persists until the animat dies

(1) Qute dfferent is the result o &
intracutancously (3t is best to use animals that have been mfm:d 4-6 weeks
previously )

() In such an anmat also the wound closes at fisst, but m this case no nodule
ss formed

(v} On the next or second day afterwards the area becomes indurated and
assumes a dark colour.

{vs) These changes do not rema linuted to the moculation pownt but spread
to mvolve an area 0 5-10 centimetre 1 diameter

(vn) In succeedwng days the altered skin becomes necratic

{vni) Fmally 1t sloughs, leaving a shallow ulcer winch usually heals quickly
aad permancntly

{1Q) After the first moculation bacstls reach reponat lymph nodes in 1-4 hours ;
after the second they take as long as 4 days.

{x) Ths stuking effect is produced not only by hwing tubercle bactll but also
by dcad bacifls

B I N VO e P -,

’ ‘

allergy has become so debauched by indiscimunate use as 1o be. n!mml’m’canmgless,
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and he sees no between b itivity and specific acquired res
to the bacillus. Acquired resistance can remain 1act in his view after
itivity has sp 1y declined to the vanishing point. Topley and

(1943), however, hold the view that both * experimental and field evidence :
that allergy 15 a step on the road to wmmunity™. Put in the form of a
question the isste m chinicsl medicine today is—Does the acrested p
infection confer immuruty ? - Most chimierans believe that it does, but the Jabo
worker 15 unable to measure immunty and he has no really satssfactory 2
10 give  Possibly there are as many answers as there are tafected person

In recent years attempts have been made to carry the matter a step f
by a chemical analysis of the split products of the tubercle bacilfus  Thre
of fractions have been 1solated, proteins, carbohydrates and bipids, the pr
being ble for the hy Y D the carbohyd
antibody production and the lipids for the formation of tuberculoid tissue
50 far, except for the use of the protein fraction (P.P.D ) as a diagnostic tuber
no chnical results have been obtained by their use.

PROPHYLAXIS

e PRI D Faw cmmmmnnityy it iz laprc

B.C.G (bacillus Calmette Guénn) consists of lving cultures of bovine tut
Dbacsth which have lost virulence by repeated sub-cultivation on a potato-gly
ox hile medum since 1906 to a degree that they have lost their power to ¢
progressive tuberculosis 1m the gwnea pig  After 230 sub-cultures the orga
has been kept on ordmary media with a \ransfcr'to a bile s‘alt medwm at ¢

e am ea mrayant

1935).
: Ve stenmn acacnmntive encr for the vatuz of B (
ing enough to justly

. ‘yenting tubzreulos's.

A itn mnmerane mvestigations reported on the vaccmation af.mt‘anls _‘

children of tuberculous parents — Wallgren (uzod s aJiuy 1e-
infant that was dered by the Gothenburg to be 1n d:u;z;
€ -t am fanem anneact  The 1afantile tubesculosts death rate fe!l‘from__ i

At Chicago Rosenthal, Blahd and Lesiie (19435 vainitiwwu .,,n s’c:llcd at

her who had cor
ncture method the child of every alternate 1ot
%‘(‘mk Country Hosputal and reported the following results.
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TABLE XIV
BCG VACCINATION OF INpants IN CHICAGO
No of No_ of cases No of deaths
Group Subgroup | Chidren | ofwberculons | from taberculosis
Non-contact Vacanated 1204 3 1
i Controt 1213 3 H
Contact Vaccinated 3
Conirol 61 4 3 .
Contact and non-con- | Vaconated 1,302 4 1
_tact together Control 276 27 7

In New York City, a simular infantile mveshgzmon was carried out with illumi-
nating results (Levine and Sackett, 1946), since it 1s demonstrated what an
wmportant part selection plays in the result obtamed.

TABLE XV
BCG VACCINATION OF INFANTS IN NEW YORK CiTy

k Vaccinated group Control group

Peog | Allematne 7 ]

1926-32 No
193344 Yes

To compare with these figures, Hexmbeck (1948) gives results as follows for the

t\ of |Tuberculos u{ o of | No of ( Tabereylons
d:nmslrvm mortahy, gathsfrom}  morainy,
anlitien | berculosis) per cent o ehutdren| FE ons

per cent

3 067
566 I8 | 14

330
152

of the general pop of Oslo.
TABLE XVI
BCG VAcctuaTion v Osto
i ] [ | Rate per 1,000
| Taberestovs | !
| No of | Obsersation |_observation years
j ases | yeas [l i T Deaths | Morbidity | Mortality
Von Pirquet+ 2421 | 19701 51 & &‘ 27 03
Yoa iequet — Zg | Wz | e 131 51 06
CG vacc 4,158 8 o | 19 9
_Von Pnrquel—(Con(acu) su 2333 4 | 7 "ass | 2s

Malmros (1948) records the results of the vaccmation of 22,413 persons, including
8,040 new-born mfants, 7,836 children over 1 year of age and 6,537 adults and
showed that over 94 per cent became tuberculosis posun: withn 6 \\ccks of the
snocutation and hat only one has subs
—and that a pleunsy in a probationer purse \who was, mbcrcuhn n:gnmc m spie
of two BCG vaccrmations  Hyge (1947) reports an mnteresting incident in which
an epidemic of tubesculosis caused by a female teacher broke out in a giels® school
when the incidence of disease was as shown 1n Table XVII,
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EPIDEMIOLOGY AND IMMUNOLOGY OF PULMONARY TUBERCULOSIS

TABLE XVII
. _ Incwence oF TusercuLosis IN Girts® Scrool,
Tuberculin No of Incidence of
reaction pupts J BCG R Pulmonary tuberculosis Deaths
Tuberculint | 105 | 2 -
Tuberculin—~ 200 106 vaccnated 2 -
94 41 1

|
These groups of figures may be criticrzed 1 that the methods of Levine and
Sackett were not satisfactory 111 the selection of controls, while Rosenthal and his
colleagues and Heimbeck afford lete information in several particulars,
The main wmvestigations on B.C G. vaccination of nurses are those of Ferguson
(1946) 1n Canada, and Hetmbeck (1948) tn Norway  Ferguson included no control |
group and merely judged the efficacy of the B C.G. vaccination by a diminution
1n morbidity compared with the previous five-year period. Heimbeck’s work m
Norway 1s generally considered to provide the surest backing for BC.G. as a
prophylactic. He, however, transferred 1n s analysis the medically Von Pirquet-
negative nurses 10 the positive group within one year of therr pnmary infection,

TABLE XVIII
ULOUS Disease amonG ULLevaL NURSEs, 1924-46

RATES oF

{ ! 1 Rate per 1,000
No of | Observation |  Tuberculosis | gbservation years
nurses | years
| | Diseas
Pupil nurses 1n traimng—
\eon Pirquet + € ) 668 1,772 l 22 - 124 -~
. 50} 1,450 s 3 241 21
Von Pirquet — re 284 687 97 10 1412 Mg
Graduate nurses—
Von Pirguet + re 504 4,792 13 1 27 82
BCG. 377 3,318 7 2 21 6
Von_Pirquet — re 178 1,610 } 8 2 50 12

Finally Aronson and Palmer (1946) started a carefully controiled study among
North Amencan Indran children i 1935 The subjects aged between I and 20
years were tuberculin tested with P.P D and those who failed to react to 00005
milligram were dvided into 2 groups , those of one group }v’elc‘lfljectce lfl.t.r?:

1n white peoples possessing a higher degree of basic immunity,
XIX

BCG VACCINATION OF NORTH AMERICAN INDIAN CHILDREN AND YOUNG ADULTS
r No of
No No TB case | No ol g
deaths deaths
No of | developing | developing | rate per )| et
Group subjects | non-pylmonary | pulmonary 1,000 persons| from al
e "‘:&Zcu]os,sry tuberculosts —years causes | tuberculosis
34 4
Vaccmated I 2 ‘ = _LL@“—_L

Nonvaccinated
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CHAPTER 11

PULMONARY TUBERCULOSIS IN CHILDHOOD
A MARGARET MACPIERSON

INCIDENCE

, TuBERCULOUS pulmonary lesions 1n children are of frequent occurrence although
not necessanly of pathologtcal significance  Reports of surveys on tuberculin testing
11 England and Wales, between 1930 and 1949, show that between 54 and 70 per
cent of children 1n towns are mnfected by tubercle bacill by the age of 16 yearsand a
rather lower percentage 1n country districts (Hart, 1929 ; Schlesinger and Hart,
1930, Lloyd and Dow, 1931 ; Prophit Tuberculosis Survey, 1948 ; Crowe,
1942). Since the greater number of these are infected by mhaling the organsm, 1t
follows that an active tuberculous pulmonary lesion 1s present in 2 large number of
children during childhood. For the most part, these lesions are of little climical
signtficance since the majority both come 1nto existence and heal without detection
In some cases, however, the lesions do not follow the expected course of resolution
and healing, but give rse to complications which are of ¢hinical importance, The
primary nfection then 1s associated with definite disease, which may vary in degree
from shght malaise to severe diness which may be dramatic and fatal’

Tuberculin tests

A posttive reaction to the tuberculin test mdicates that primary mnfection has
taken place, the skin b hyp ve to ltn once tubercle bacilh
have entered the body  Hypersensttivity develops usually within a period up to

8 weeks from the time that infection takes place, and 1t persists, with cermf‘n
T - == 2= an n aula fan tha Aueatinn of 2 We-time  In cerfain

1ce, during
1¢ terminal
~F AmeriCh
the
N ster
“his
FISTIORV

has not been confirmed tn Great Britam

The methods most commonly used for tuberculin testing at the present time are

(1) the von Pirquet, (2) the Mantoux and (3) the percutaneous tests.

The von Pirquet test

The von Pirquet test is carried out on the anteror surface of the forearm Tﬁe
skin 1s cleansed, after which a drop of Old Tuberculiz (O T.) 15 placed on the sk;]n.
which 1s then scanfied through the drop by means of a necdle of §calgcl. The
tuberculin 1s allowed to dry, no covermng being applied, and the reaction is rcad';r'l
48 hours A postitive reaction shows redness and induration at thc' siute, nn)]r i
duration of 5 millimetres or more 1 drameter beng taken as a positive result.
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PULMONARY TUBLRCULOSIS IN CHILDIIOOD

: sub-pleural region. It is usually single but may be multiple Ghon (1916)
ind that out of 170 cases, 123 showed single foci, and Blacklock (1932) found 125
ses with single lesions out of « total of 148 cases /Accordmg to published records,
: lesions are present more often on the right side than the left ; they occur most
«quently 1n the right upper lobe, and least often 1n the right middle lobe'(Ghon,
16 ; Blacklock, 1932)

thology and course of typical lesion
Histological evidence of early changes in primary lesions is not easily obtamned
d has only been available when found by chance 1n autopstes on children dying
m other causes than tuberculosts  Experiments on animals have provided
ther evidence and helped to bwld up the picture,

e primary reaction

The first reaction of the lungs appears to be a non-specific one such as is produced
any foreign body  The number of tubercle bacill in the lesion increases, and a
cific reaction of the tissues follows with tubercle formation, necrosis and case-
on. The size of the lesion varies  Blacklock (1932) found that the average size
shildren 1n Glasgow was that of a hazel nut , -Ghon (1916) reports the majority
be the size of a pea but that they varied from the size of a millet seed to that of a
Inut Fibrous tissue develops, forming a capsule round the lesion and dividing it
m healthy lung tissue  This 1s a significant finding, and the encapsulation is
talty more complete 1n primary lestons 1n children than in those found in young
ilts  Even in children, however, the lesion 1s not always confined inside the
sule, for a few tubercles may be found outside, the infection having probably
ended along lymph ducts  The stage of reaction 1s followed by healing, and the
1n lesion, as well as the scattered tubercles, 15 largely replaced by fibrous tissue
h, 1n many cases, deposition of caletum  The smaller fibrous scars may be 1m-
isible to detect and it 1s only the larger ones, or those which contain caleium, that
t be found histologically At a later date some lesions may undergo further
inges and become ossified  Although thess lesions are apparently healed, it has
:n shown that some contain living tubercle bacilli  The time taken for these
inges to take place vanes in different circumstances, depending on the general
dition of the child and on its environment

wndular involvement
At the same time that the early changes are developing :n the pulmonary lesion
lymphatic glands become nfected Tuberculous changes are found in the
ho-pul. glands cor ding to the site of the pulmonary leston, also
‘he tracheo-bronchial glands  In some cases the paratracheal glands and those
the carina are infected, and, when the infection 1s a heavy one, there may be a
ead of infection to the glands of the opposite side, so that, for example, a pnimary
monary lesion on the right side may be associated with lestons in the left
cheo-bronchial glands as well as in those of the right side
\s 1 the pulmonary lesions, large numbers of tubercle bacilli are found in the
nds at an early stage  Caseation 1s usually more marked in the glandular tissue
n 1n the pulmonary lesion  This 15 specaally so 1n young children, 1n whom a
all pulmonary lesion 15 often associated with large caseating gland masses.
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Hcallng takeg Place Tormally 1 the glands by Tesolutron and the dj;; arance of
Caseous Matenal oftey, with deposmon Of caleyy € two g
the Jung Parenchym, and jn the Iymphage gland are Teferred 1o 25 the Primary
Complex e Names o the firgy authors ¢, draw Altenton ¢ these lesions .
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Fig 105 —Pavent G F . aged 2 years, showang primary taberculous esion , 77 36, enlarged
Tular shadow on teft Sde with no obvious pulmenary lesion

Although the tuberculous lesion heals, new non-tuberculous lesions may develop,
as the result of damage sustamed by the lung or other structures at the time of
the original active tuberculous lesions, and these non-tuberculous lesions may give
Tise to more permanent symptoms and 1llness  The spectacular and devastating
effects of tuberculous 1afection in children make a deep impresston, but almost
equally impresstve 15 the cnpaclty which a child, who does not succumb to in-
fection, has for ly—large tuber-
culous lesions 1n the lung or the lymphatic ussues

Tuberculous broncho-pneumeonia
’I‘he pnmary lesion may not remain Jocalized, and may develop into an area of
h large areas and areas of more acute necrosis.
Tuberculous bmncho pneumoma may also follow eroston into the bronchial lumen
of tuberculous matenial from an adjacent lymphatic gland, the material being
aspitated 1nto the segment of lung beyond

Acute cases
Tuberculous broncho-pneumoma may give rise either to an acute illness or else
to a subacute condition with only slight malaise  When the illness 1s acute, there
is a high, 1rregularly swinging temperature and the child 1s hstless and without
appetite  The physical signs and clinical picture at first resemble those of broncha-
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Fla 106 —Same patient as shown in Fig 129, 47 39 the calcified pulmonary
Tesion 1s seen 10 left upper lobe with calciumt in left hilar glands

pneumoma due to other orgamisms  The possibility that the condition 1s tuber-
culous should be considered when there 15 no response to treatment with sulpha
drugs and pemcillin, and when there is no evident resolution of the pneumoma
over a period of weeks  These features, associated with wasting, a history of
household contact, and the posttive result of a Mantoux test (using 1 . 10,0000 T.
or 11,000 OT.) i a child under 3 years of age, are further auds to the correct
diagnosis, which may 1n some cases be confirmed by finding tubercle bacilli, erther
by direct examination or by culiure from stomach washings, or in the sputum if
this can be obtained

The radiologis of the 151l d in Fig 107. There
are srregular, parchy, mottled areas, which later may show evidence of breahing
down with cawity formation It 15 not uncommon to find associated pleural
effusion or collapse of part of the lung, resulting from lesions in the hilar glands
(Fig 108)

Suhacute cases

Tn the subacute cases there 1s httle constitutional disturbance, although there
are usually shight wregular pyrexia occurring at ntersals and a fulure to gamn
weight. Physical signs and radiographs show evidence, however, of extensive
broncho-pneumonic lestons, w hich remann hittle changed for many weeks or months
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F16 105 —Patient G F, aged 2 years, showing pnimary tuberculous leston , 7.7.36, enlarged
hilar shadow on left side with no obvious pulmonary lesion.

Although the tuberculous lesion heals, new non-tuberculous lesions may develop,
as the result of damage sustained by the lung or other structures at the time of
the original active tubercutlous lesions, and these non-tuberculous lesions may give
rise to more permanent symptoms and 1illness  The spectacular and devastating
effects of tuberculous infection 1n children make a deep impresston, but almost
equally impressive 1s the capacn(y \\}uch a child, who docs not succumb to in-
fection, has for ly—large tuber-
culous Iesions in the lung or the Iymphatlc tissues.

Tubetculous broncho-pneumonia
Thc pnmary leston may not remain localized, and may develop mnto an area of
with large areas and areas of more acute necrosis.
Tubercu[uus broncho-pneumonta may also follow erosion 1nto the broachial lumen
of tuberculous material from an adjacent Iymphatic gland, the matenal being
aspirated into the segment of lung beyond.

Acute cases

Tuberculous broncho-pneumonia may give rise exther to an acute tliness or else
to a subacute condition with only shght malaise  When the illness is acute, there
is 2 high, irregularly swinging temperature and the child is Iistless and without
appetite  The physical signs and clinical prcture at first resemble those of broncho-
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FiG 106 —Same patient as shown in Fig 129 . 4739 the calafied pulmonary
lesion 15 seen in eft upper lobe with calcium 1n keft hular glands.

e ———

p due to other The that the d: 15 tuber-
culous should be considered when there 15 no response to treatment with sulpha
drugs and penicillin, and when there 15 no evident resolution of the pneumonia
over a peniod of weeks  These features, associated with wasting, 2 history of
household contact, and the positive result of 2 Mantoux test {using ! - 10,0000 T.
orl 1,000 0T)inachild under 3 years of age, are further aids to the correct
dragnosts, which may 1n some cases be confirmed by finding tubercle bacilly, enther
by direct examnation or by culture from stomach washings, or 1 the sputum if
ths can be obtained

The P of the 15 i Fig 107 There
are wregular, patchy, mottled areas, which later may show esvidence of breaking
down with cawty formation It 1s not uncommon to find associated pleural
effusion or collapse of part of the lung, resulting from lesions in the hilar glands
(Fig 108)

Subacutt vases

In the subacute cases there 1s little constitutional disturbance, although there
are usually shght irregular pytexia occurning at intenvals and a failure to gan
weight.  Physical signs and radiographs show evidence, however, of extensive
broncho-pneumonic lestons, which remain little changed for many weeks or months.
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FiG 105 —Patent G F , aged 2 years, showing primary tuberculous lesion , 77 36, enlarged
hular shadow on left stde with no obvious pulmonary lesion

Although the tuberculous lesion heals, new non-tuberculous lestons may develop,
as the result of damage sustained by the lung or other structures at the time of
the original active tuberculous lesions, and these non-tuberculous lesions may give
rise to more permanent symptoms and illness  The spectacular and devastating
effects of tuberculous nfectton 1n children make a deep 1mpression, but almost
equally impressive 1s the capacity which a child, who does not succumb to 11+
fection, has for and letely—large ing tuber-
culous Iesions 1n the lung or the lymphatic tissues

Tuberculous broncho-pnetmonia

The primary leston may not remasn localized, and may develop 1nto an area of
bronch with large areas and areas of more acute necrosis.
Tuberculous broncho-pneumamia may also follow erosion 1nto the bronchial lumen
of tuberculous matenal from an adjacent lymphatic gland, the materal being
aspirated into the segment of lung beyond

Acute cases

Tuberculous broncho-pneumonia may give rise either to an acute 1liness or else
to a subacute conditron with only shght malaise  When the illness is acute, there
15 @ high, wrregularly swinging temperature and the child 1s Distless and without
appetite.  The physical signs and climical picture at first resemble those of broncha-
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FiG 106 —Same patient as shown i Fig 129, 4739 the calcified pulmonary
Teston 15 seen 1n left upper fobe wirh calcum in left hilar glands

puecumonia due to other organtsms  The possibility that the condation is tuber-
culous should be considered when there 1s no response to treatment with sulpha
drugs and pericillin, and when there 1s no evident resolution of the pneumoma
over a period of weeks These features, assoctated with wasting, a history of
household contact, and the positive result of a Mantoux test (using 1 10,000 O T.
or 1 1,000 OT)in a child under 3 years of age, are further aids to the correct
diagnosis, which may 1n some cases be confirmed by finding tubercle bacilli, erther
by direct examination or by culture from stomach washings, or in the sputum if
thus can be obtained

The radiol ! of the di is all d in Fig 107. There
are wregular, patchy, mottled areas, which later may show evidence of breaking
down with cavity formation It 1s not uncommon to find associated pleural

effusion or collapse of part of the lung, resulting from lesions 1n the hilar glands
(Fig 108)

Subacute cases

In the subacute cases there 1s Little constitutional disturbance, although there
are usually shght irregular pyrexa occurring at intervals and a failure to gain
weight,  Physical sipns and radiographs show evidence, however, of extensive
broncho-preumonic Jestons, which remain hittle changed for many weeks or months
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Fig  107.—Patient
.W,, showing
acute {uberculous
broncho-pneu-
moma from which
the child died
several weeks later

Fic 108 —Patient TL,
aged 1 year 9 months
Prumary  tuberculous
leston complicated by
pleural effusion and
broncho - pneumonia ,
the child died 6 weeks
later
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pleural effusion and
brancho - pneumonia ,
the child died 6 weeks
ater

Fic 107, —Patient
R W,, showing
acute tuberculous
broncho-pneu-
monia from which
the child died
several weeks Jater
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Fig 109 —Paent D.C. aged
years 4 monlhs' (a)
1079 subacure Brancher
pncumonia,  {h) 163 51,
complete chinical recoves
with calafication of eartier
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Eventually the condition clears and the child is left with no residual sign or with
calcified scars (Fig 109).

Miliary tuberculosis of the lung
Miliary lestons of the lung may appear as part of a generahzed infection and be
accompanied by acute illness  Dhag of the cond; is dep on radio-
logical exammatton ~ Since streptomycin has been available for these cases, the
o T oo ns may also be seen m the
' :hromc or subacute lesions
vidence, or there may be

Tuberculous infiltration of adult type

In the older age-groups of children, primary lesions may quickly develop into
spreading mfiltrating lesions, such as are found 1n young adults The course,
prognoss and treatment are simular to those of the tuberculosis of young adult life
Cormplications due to gross hilar adenitis
Pathogenesis

)¢ foll g gross tuberculous lesions in the thoracic lymph-glands  »
are more hkely to occur than are complications resultmg from the pulmonary/
lesion  The large landular masses, iately adjacent to and lying
m the angle between the main bronchi and their branches, may cause distortion
of the bronchi, with diminution 1n the size of the lumen and alteration in the
direction of the bronch, or, by pressure, may cause narrowing tn the bronchial
lumen  Tuberculous lesions may also ulcerate through the bronchial wall, causing
of mucous I oran of tuberculous pi into the
wall of the bronchi, or the tuberculous glandular tissue may rupture tnto a bronchus.
Occlusion of the lumen will result in collapse of the Jung segment or lobe beyond
the bronchus. Thrs 15 a not i of primary
‘Which lobe or segment of the lung s involved depends on the extent of the glandular
lesion, and not entirely on the posttion of the primary lesion. It is quite usual to
find the primary pulmonary lesion in a part of the lung other than that which 1s
d, and 1t 15 not when more than one lobe of the lung 1s col-
lapsed, to find that both lungs are involved. In many cases the Jung re-expands
when the block 1n the Jumen clears, and the lung regains its normal clinical and
radiographic appearance The clearing of the bronchial Jumen 1s necessarly a
slow process when ulceration has taken place through the wall of 2 bronchus, and
re-expansion may not take place for 1-2 years. In a recent investigation of such
cases, 1t was found that, out of 28 cases of collapse associated with recent primary
lesions, 26 had re-expanded within a persod of 3 years (Macpherson and Lutwyche,
1950)
ln)a small proportion of cases, the lung tissue does not re-expand although the
bronchial lumen becomes patent, and of this small number some eventually develop
bronchiectasis. It is not clear from our present knowledge of this subject what
are the determining factors for the persistence of collapse, but there 1s httle doubt
that the presence of mtercurrent infection in the bronch is one tmportant factor.
When this ss present there 1s a greater liability for bronchiectatic changes to occur.
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Erosion of tuberculous material from glands nto the bronchus, when it does
not block the bronchus, may result 1n bronchogenic spread of infection 1nto the
lung beyond, giving rise to tubercutous broncho-pneumonia. Such a case, seen
at Guy's Hospital, was described n detail by Brock, Cann and Dickinson (1937)

Clunical preture

Symptoms associated with large masses of caseating glands are often 1ndefimite
and may be easily overlooked, even 1 those cases 1n which there 15 also pulmonary
collapse  There are usvally some malasse, lack of normal gain 1n wesght and
occasional pyrexia. The pyrexia is irregutar, occurring over a period of 3 or 4
days, when 1t 1ises to between 100° and 101° F., followed by several days with no
abnormal mise.  This type of record 1s more usual than a regular evening rise of
temperature

Pressure on a bronchus gives rise to certain charactenistic symptoms , there 1s
often presem a wheeze, which 1s most obvious during exertion, and there may be

a cough that of wk h  Apart from these there
are few \l On of the chest, signs of collapse of a
part of a lung mny be present, bul even 1f one entire lobe 1s collapsed, there 1s not

f the or heart of the

remaimng lobes of that lung compensn&es for the collapse, and presumably the
large mass of glands, which 1s to some extent fixed to surrounding structures,
tends to t the diol 1 will confirm the
diagnosts of collapse It 18 important (especially when the middle lobe 15 involved)
that a lateral radiograph be taken, because, in the postero-anterior posttion, the
condstion 18 nof always obvious  Tomograms may be valuable to show narrowing
of the bronchial lumen

Broncho-pneymomnic lesions occurning after the aspiration of infected material
will give nise to the symptoms and signs described above The following case,
typical of many primary lesions, will serve to illustrate some of the points to
which reference 1s made

DS, a boy aged 1 year, was brought for examination on 9,1236  He was 2 contact
of his mother, who had had a haemoptyss and a posive sputum when the child was
4 months ofd. Between the ages of 6 and 8 months there was no contact with the
mother, who went to a sanatorium  After her return she had had no positive reactions
to sputum tests  The child was breast-fed until the mother’s condition was diagnosed
‘When seen the child was well and had a normat radiograph, and the Mantoux test
with O T. 1 100 was negative  He was seen agam on 23 1 37 and 3 4 37, when radio-
graphs were normal and the Mantoux test was sull negative to OT 1100 On 3737,
3 months later, the tuberculin test was strongly positive and the radiograph showed
enlargement of the right hlar shadow There were no symptoms  Five months later
there was radiographic evidence of collapse of the nght muddle lobe, which had not

EC?I‘I zppar:m :n prevlous films (see Fig 110) Thrce months later, 5 3 38—that 1s
manthe o ha meimaes afast nm sk Soes e a2 D
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FiG 110 —Patient D §, aged { year 6 months, 3 737 Primary leston with collapse of
Tight muddle Tobe

In November 1938, 1 year and 4-7 months after the first mfection, the radiograph
showed no evident collapse of the right nuddle lobe, and commencing calerficatzon
was seen at the right lnlum and i the night lower lobe  From the trme of the pnmary
nfection up to this date, the child was apparently well and had had no symptoms,
apart from the cough referred to above , but during 9 months there had only been 2
pounds’ gain i wetght Subsequent to this date, when regression of the lesion was
evident, there was steady and normal gain 1 weight

In August 1939, the bronchogram was repeated, and 1t confirmed re-expansion of the
middle lobe (see Fig, 112(a) and () Calcified deposits increased 1n the right lower
lobe and hilum until February 1940 (2 years and 7 10 months after pnmary mfeclmn).
after which time the mained

1950, when the boy was 14 years and 10 months uld the appearances remamed un-
changed (Fig 113)

This case emphasizes certain special points A child runs a definite nsk wheo

vamg 1n close prox:mlly to a person who 15 1II with pulmonary tuberculosis, even

. « "o g definite symptoms,

. re present, although

The time relations

between the events dunng the course of a primary lesion are of special mterest ;
the time taken between infection and the development of the maximal leston was
5-8 months , the period between nfection and the onset of definite symptoms was
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438 Broncho-
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Fic_ 112—Pauvent DS,
17839 Re-expansion of
middle lobe , (a) showing
also  calafication  of
primary complex

®
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Fic 113 —Patient DS, 4950 Calufied prmary lesion in might
tawet lobe and at right halum

8-11 months , there was re-expansion of the collapsed lobe 1 year after the onset
of collapse , healing of the Ieston, as judged by the radiographic appearances, had
taken place 2} years after the primary infection

This case also iltustrates the fact that the primary pulmonary lesion may not
be obvious 1n the early stages, and may be found at a Jater date elsewhere than 1n
the coltapsed lobe, the latter being determined by the distribution of the lesions
n the lymphglands

Pleural effusion

It 15 not uncommon to find small areas of pleural involvement with localized
effuston 1 the region of the puimary pulmonary lesion  These are not of any
chinieal interest and require no special treatment  When large pleural effusions
occur, they may be difficult to differentiate from those due to other causes The
child 1s usually not acutely 1lj, and there may be little else than slight pamn m the
chest to bring the child under medical care The tuberculous nature of the
effusion may be suspected when there 15 a recent history of contact with an open
case of tuberculosis, and 1f the reaction to the tubercilin test 1s strongly posttive
1n a young child  Confirmation may not be possible until the results of.culture
and guinea-pig_inoculation of the flud are available The flmd, however, may
become absorbed durng the weeks of waiting, and there may be radiological
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evidence of a primary tuberculous complex as the lung becomes visible The
effusion wall only need to be aspirated when 1t 1s causing symptoms of pressure, or
when 1t does not show evidence of clearing  Treatment of the underlying primary
complex must be instigated.

Disseminated lesions

Tuberculous disease 1n childhood 15 much more likely to be less localized than
in adult hfe and, although primary lesions are usually in the thorax, the possibility
of extension of the disease by the blood-stream has to be borne in mind so long
as the primary pulmonary lesion 1s active  Mihary tuberculosis, with or without
menngitis, may develop , the chances af 1ts occurrence are grca(er among infants

and 1n children who have of p yorl tissue
In supervising a child with primary tuberculosts, it !here[m'e neccssary 1o keep
a watch for early signs of ot miliary tut tosis, for prompt

with streptomycin may save the hfe of the child

Less dramatic results of blood-stream infection are the occurrence of lesions in
other organs, such as bones, jomnts, kidneys or skin, all of which may either have
their onset at the time of the active stage of the primary lesion or may not become
manifest until a much later date  Erythema nodosum is a not imfrequent skin
manifestation -

MANAGEMENT AND TREATMENT OF PRIMARY TUBERCULOUS
LESIONS

Any child found for the first time to be tuberculin-positive, especially if recent

1nfection 15 suspected, should be kept under supervision, and a radiograph should

be taken at 3-monthly and then 6-monthly intervals, until it is evident that no

gross lesion 1s developing or that healing of the lesion 1s taking place.  Apart from

this no special 15 indi d for primary lesions which fake
the normal course -
T of bronch

Ctuldren who are acutely 1l require skilled nursing and special care with feeding,
so that sufficient nounishment may be provided throughout what is often 2 Iong
ilness  Streptomycin, together with para-amnosalicylic acid, has been used in
treating these cases  Although 1t 15 early as yet to be dogmatic about results of
treatment 10 a condition which may resolve spontaneousty, 1t appears that this
form of treatment \s of defimite benefit, both 1 preventing a fatal outcome and in

Ve an el tan

tion of the lcsmn or at feast until there 15 no pyrewa and unu[ therc isa s(eady gain

in weight. This may mean a period of months, so an important part of the

treatment is the provision of entertainment and, for older children, of education

Streptomycin together with p-aminosalicylic acid may be of advantage, but i1s

effectis prcb;\bly less spectacular thann the acute cases  Itis, of course, important

to give p: e acid with P ; otherwise, if streptomycin 18
2%




MANAGEMENT AND TREATMENT OF PRIMARY TUBERCULOUS LESIONS

given alone, there 1s a danger of producing strains of tubercle bacilli which are
resistant to streptomycin, and therefore of throwing away a valuable weapon for
dealing with a miliary infe should that anse, Thi i

of p-aminosalicylic acid to children is made much easter than formerly by the use of
enteric-coated granules.

‘Treatment of tuberculous hilar adenitis

‘Whatever the il ansing from hilar adenits, 1t 1s tmportant
1o direct treatment primanly to the healing of the caseous mass of glands By
encouraging the healing of the glands, it may be posstble to mimmze the nisk of
spread of tuberculous 1nfection to the blood stream, or to other parts of the lung
by aspiration, and 1t will also increase the likehhood of re-expansion of a lung
already collapsed Whenever there 15 hifar ademtis sufficient to produce any
clinical symptoms, or gross enlargement seen 1n the radiograph, or collapse of a
segment of lung, the child should be kept m bed, as much at rest as 1s posstble
This pertod of rest should be continued, as m the case of broncho-pneumonia,
until there are steady gan 1n weight, absence of pyrexia and 1mprovement in the
radiologieal findings

‘When part of the lung 1s collapsed, special directed to the re-opening
of a blocked bronchus, has to be considered  Bronchoscopy, with removal o
granulation or tuberculous gland matenal 1n the Iumen and with suction of

beyond, 1s ad d by some ph Re-expans of the col-
lapsed portion of the lung results i some cases, but there may be a recurrence of
collapse, and the of ding the mfection has to be borne
1 mind, as has that of laying open the part of the lung involved to added non-
tuberculous 1nfection  Since, m a large number of cases, the lung re-expands
after a period of months, or 1-2 years, when the glandular lesion heals, treatment
should be concerned primarily with the healing of the tuberculous lesion in the
lymphatic glands

In order to lessen the chances of the development of bronchiectasss, upper-
respiratory mfections should be dealt with when they occur

PREVENTION

B.C.G. inoculation
The aim of inoculation with bacillus Calmette-Guérin vaceine (BCG) 1s to
produce a controlled primary lesion i previously ummfected persons By so
doing, the nisk of the pi of an over primary pul 'y lesion
15 lessened, and 1t 15 presumed that, 1f the moculation 1s followed by a positive
tuberculin reaction, increased immunity to tuberculous infection results

Inoculation 1s obviously of greatest value for persons exposed to special nisk of
infection, such as those in contact with open cases of tuberculosts, and for the

’«;ge«gmups an which pnmary infection 15 most likely to give mse to tuberculous
hsease , —mett o= =Tt T ° B

For ma
(Birkhaug
carned out 1n the Umited States of America by Rosenthal, Blahd and Leslie, 1n 1945
The BCG (bacillus Calmette-Guérin) vaccine 1s prepared from a stramn of
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attenuated bovine tubercle bacillus A murnne type of bacillus (vole baaillus) is
also being tested but 15 not yet available for general use

Techmgue of moculation into the shin

Oral adminmstration of BC G has not proved satisfactory and inocalation into
the skin 1s the method practised at present This 1s carried out by means of the
multipls-puncture method (Rosenthal, Blahd, and Leslte, 1945), by scartfication,
or by intradermal injection

Multiple puncture —For the multiple-puncture method, the skin is smeared with
BCG vaccine (3 5-9 mulligrams per mullilitre) and 1s pricked with a needle n
30-60 places A modification of this techmque has been introduced by Birkhaug
(1944) who applies a perforated disc through which 40 needles pass when a spring
15 released and penetrate the skin to a given depth

Scanfication —The scanfication techmique 15 similar to that used for smallpox
vaceination and for this B C G vacctne, 20 milligrams per millititee is used

Innadermal yyection —For the tradermal myection, 0 1 mullilitre of vaccine
15 1njected strictly intradermally, usually wn the deltord region or in the anterior
aspect of the thigh  There 1s no constitutional disturbance following the inocula-
tion, and there 1s little change at the site of mjection until after 3 weeks, when
redness and induration develop This 1s usually followed by shight ulceration and
some discharge A scab forms after an mterval varying from a few days 10
several weeks, and the lesion gradually heals feaving a small * tissue-paper 7 scar
There may be palpable enlargement of the lymphatic glands drawnng the area at
the height of the reaction

Prelinmumary testing

Before 1noculation 1t 1s important to carry out satisfactory tuberculin tests to
confirm that no previous infection has taken place Children should be tested
1f possible by the Mantoux testup to 1 0 milligram (1 100 O.T.) but the tuberculin-
Jelly test may have to suffice ;n some cases

It 1s recommended that, after a negative reaction has been obtained, the chdd
should be 1solated from any known source of tuberculous nfectron for 6 wecks
before inoculation and re-tested after that period 1n order to avoud the possxblﬂlli
of moculation during a time when allergy 15 d ping Itisalsor X
that there should be strict tsolation from infected persons for 6 weeks after inocu-
lation, that is, while hypersensitivity 1s developing (Mnistry of Hcal!ihnlg"w)"
It 1s not always posstble to carry out strict h some
of the method recommended 15 usually possible N

Reactions and immuniy

Hy ty to usually develops between 4 and 6 weeks aﬂclr
wnozulation and a further tuberculin test should be carried out after this mtcrva“
Those few cases (about 2 per cent) in which posttive reactrons do not develop wt!
require a second vacetnation .

Hypersensivity tends to decrease after 18 months to 2 years in young children
who do not become re-infected from outside sources , routine fuberculin tests
should be carried out at yearly mtervals after inoculatton
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PULMONARY TUBERCULOSIS IN CHILDIIOOD

attenuated bovine tubercle bacillus A murine type of bacillus (vole bacilus) 1s
also being tested but 1s not yet available for general use

Technmque of mocularton mto the skin

Oral admimistration of BC G has not proved satisfactory and mnoculation into
the skin 1s the method practised at present  This 1s carried out by means of the
multiple-puncture method (Rosenthal, Blahd, and Leshe, 1945), by scarification,
or by intradermal tnjection

Multiple puncture —For the muluple-puncture method, the skin is smeared with
BCG vaccine (3 5-9 mulligrams per millilitre) and 1s pricked with a needle m
30-60 places A modification of this technique has been introduced by Birkhaug
{1944) who applies a perforated disc through which 40 needles pass when a spring
1s released and penetrate the skm to a given depth

Scarification —The scarificatron techmique 1s simular to that used for smallpox
vacemation and for this BC G vaccine, 20 mitligrams per millilitre 1s used

Intradermal imyection —For the ntradermal tnjection, 0 1 mullilitre of vaceme
1s injected strictly intradermally, usually 1n the deltoid region or 1n the anterior
aspect of the thigh  There 1s no constitutional drsturbance following the mocula-
ton, and there 1s litle change at the site of injection until after 3 weeks, when
redness and induration develop  This 1s usually followed by shght ulceration and
some discharge A scab forms after an iaterval varying from a few days to
several weeks, and the lesion gradually heals leaving a small ** tissue-paper ” scar-
There may be palpable enlargement of the lymphatic glands draiming the area at
the height of the reaction

Prelimmary testing

Before noculation 1t 1s important to carry out satisfactory tubercultn tests to
confirm that no previous nfectton has taken place Children should be tested
1f possible by the Mantoux testup to | O mulligram (I 1000 T ) but the tubercultn-
Jselly test may have to suffice 1n some cases

It 15 recommended that, after a negative reaction has been obtained, the child
should be 1solated from any known source of tuberculous infection for 6 weeks
before 1noculation and re-tested after that period mn order to avoid the pDSSlhlll[')"
of moculation during a ume when allergy 1s P! It 15 also
that there should be strict isolation from nfected persons for 6 weeks after inoch:
lation, that 1s, while hypersensitivity 15 developing (Mrnistry of Health, 1949)
It 1s not always possible to carry out strict 1solation although some modification
of the method recommended ts usually possible *

Reactions and immumty

Hy y to ti usally develops between 4 and 6 weeks aflclf
mozulation and a further tuberculin test should be carried out after this mtcrvn"
Those few cases (about 2 per cent) 1n which positive reactions do not develop w1
require a second vaccination

Hypersensitiaty tends to decrease after 18 months to 2 years in young children
who do not become re-infected from outside sources , routine tuberculin tests
should be carried out at yearly mtervals after inoculation
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CHAPTER 12

HAEMATOGENOUS TUBERCULOSIS OF THE LUNGS
N Lioyp Rusny

THE serEAD of tuberculosts by the blood stream 1s a significant event in the natural
evolution of the disease  Although clearly recognized for many years it 1 only 1
comparatively recent times that the frequency, extent, and extreme variability
of this mode of transmisston has been fully disclosed by the correlation of autopsy
studies with the clinieal and radwlogical evidence obtained durmg hfe. This
chapter will be concerned matnly with the manifestations of the disease in the lungs,’
and the 1mplication of other organs of the body will be mentioned only in so far
as this 1s relevant

H. 1s most and 1s seen in its most severe
form 1n mfancy and early childhood when 1t can be directly related, mn most
to the 1tial As age ad the tend t

Y (o B

becomes less evident, but 1t remains as a potential sequel to the 1nttial jnfecuon
throughout ife It 15 not confined, however, to the first infection, or to the few
months immediately following 1it, but can take place during the course of the ﬂd.“h
form of reinfection phthusis when its effects graduate from minimal deposits giving
nise to no clinical signs to metastases so widespread, or vitally sttuated, as to cause
death  Wilson (1933) has investigated the question of tuberculous bacitlagmia by
culture and ammal inoculation and found, by the methods then employed, a positive
result 1 5-10 per cent of those persons with advanced, severe and progressue
pulmonary tuberculosts, in 30-40 per cent of examples of milrary tuberculosis of
tuberculous memingttis, and from the heart blood at autopsy 1n 50 per cent or(.hasc
who died of the disease ~ When it s remembered that bacillaenua 1s often (mnsnlorly(
and short-lived, though 1t may be repetitive, 1t will be evident ‘that this Wor
probably underestimates the incidence of blood stream invasion.

It has already been stated that the of blood-borne di I
may vary between wide extremes of severty There are several factors wh}ch m';
held to influence the course of the disease, and these are the number of bacilli whic!
gain access to the blood sfream, single or repetitive seeding, the'dégree of patural of

quired of the § as a whole, Jocal ** organ ™" resistancé, anj
theoretically, because it has not yet been convincingly proved, the virulence of the
bacilli themselves  The site of entry of the bacilli is also of some 1mportance,
for 1t may determine the organ affected and hence the consequences of invasion
Taking these factors mto consideration it becomes possible to delineate c;mm
well-established examples of the discase whose place in the natural evolutionary
order 1s clearly defined. The more acute the process the easter it 15 10 do lhlls H
1n the more chronic and restricted varieties the evidence becomes far less tangb! :l
while 1n some the pronouncement that the disease 1s even haematogenous ata

1 d 1.

may be largely based on or

tion
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HAFMATOGENQUS TUBERCULOSIS OF THE LUNGS

to the spread of infection n acute disease, the bacilli pouring directly into the
thoracic duct and so to the venous system, the lungs bearing the matn brunt of the
mfection  The lungs may, in fact, succeed 1 sparing the general circulation by
acttng as a capillary filter, a mechanical barrier which may be fully effective, or
only partrally if the number of bacilluis great  Direct erosion of a blood vessel by an
enlarged caseating gland has often been demonstrated at autopsy and the organs
picked out for dissemination in this way depend upon the particular vessel involved
Pagel (1948) believes that 1n many cases blood-borne metastases result from 2
specific lesion of the walls of blood vessels th Ives, a tubercul dangiti
The lesion anses in the intima and can be distinguished from an attached thrombus
by the unusually large number of bacilli contained within it and by the liquefaction
which 1t undergoes The argument that such a vascular focus is the result of
dissemination and not the cause of 1t has been at least partially refuted by the fact
that in some examples studied 1t 1s clearly at a more advanced stage of development
than the metastatic foc1 demonstrated in other organs of the body A stmifar
specific involvement of the wall of the thoracic duct has also been described  From
erther of these two sources bacilh can easily reach the mam blood stream
Finally, 2 discussion upon the mode of transmusston of generalized disease would be
tncomplete without reference to the influence of trauma for there is little doubt that

can follow of a tuberculous joint, curettage of
a tuberculous endometrium, and even operations upon the jung atself,

Tt will be evident that from whatever source the bacilh are derived the patho-
logical and clinical pattern finally assumed depends on the interplay of those
factors enumerated above trrespective of the particular vessel of channel
mvolved

Chronic miliary tuberculosis

Before spectfic treatment was acute 10n of tuberculous disease
was almost mvanably fatal ; yet for over a century 1t has been appreciated that the
acute onset could be surmounted and the disease enter a chronic phase. Its only
during the last 20 or 30 years, however, that the subject has been brought promi-
nently into the foreground by the publication of individual case reports, many of

which were made possible by the more widespread use of routine chest radiography
R I . P L e * 3. & e oa naner whicl

ding
tain
described an example of healed (calaified) muliary tuberculosis of the lungs 1n @ E";,l
aged 8} years which he regarded as exhibiting a form of haematogenous spre
intermediate between the primary focus and mmlary tuberculosis of the Iungix'
Burton Wood (1933) and Deaner (1935) contributed additional examples, an
knowledge of the subject was further extended by the jmportant monograph BY
Hoyle and Varzey (1937) and the work of Fish (1937} :
Hoyle and Vaizey collected from the I 120 ples which satisfied their
strict critena of diagnosis and added 10 more which they had personally observed.
No case which failed to survive for three months or longer was included. ‘These
authors d the difficulties of d and drew attention to the distncton
between haematogenous 1nvasion and the lymphogenous form, to which referenct
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ACUTE DISSEMINATION

i

Fic 114 —Male 37 years, admitted for reconstruction arthrodesis for
tuberculosis of right hip joint Multple punctate calafied deposits
scattered more or less un\lmml¥ throughout Emh Tung ﬁ'clss Also
S LT o i A e ke s an

will be made later  Their paper clearly illustrates the often protracted nature
of the condition and the possible modes of termination

Fish presented a climcal account of 10 examples of the disease which he had
studied at Highwood Hospital for children, 6 of which were fatal within from 5} to
10 months from onset, the remaiming 4 recovening  He was unable to draw any
clear Iine of delineation between acute fulminant muliary tuberculosis and the
chronic variety, there being every degree of gradation between them  In the fatal
casss tubercles of all ages were demonstrable implying multiple successivecrops, and
he believed that each episode of dissemination was accompanied by bouts of fever
He made two further important observations  Furst, that 8 out of the 10 cases
showed a widened mediasttnum due to enlargement of the paratracheal group of
glands and drew the inference that the route of dissermnation was by the thoracic
or right lymphatic duct  The two instances 1n which this medtastinal widening was
not seen had sustained only one episode of dissemination and no recurrence of
bacillaemma as far as could be judged  Secondly, without exception, the four cases
which recovered at some time exhibited extra-pulmonary tuberculous lesions that
could only have arisen from the transmission of bactlli by the blood stream

Chronie nuliary tuberculosts 1s thus an established fact  The disease may result
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HAEMATOGENOUS TUBERCULOSIS OF TIIE LUNGS

to the spread of infection n acute disease, the bacilli pouring directly into
thoracic duct and so to the venous system, the lungs beanng the main brunt of
wfection  The lungs may, in fact, succeed in sparing the general curculation
acting as a capilary filter, a mechamical barrier which may be fully effective,
only partially 1f the number of bacill 1s great. Direct eroston of a blood vessel by
enlarged caseating gland has often been demonstrated at autopsy and the org1
picked out for dissemination in this way depend upon the particular vessel invols.
Pagel (1948) believes that in many cases blood-borne metastases result from
spectfic lesion of the walls of blood vessels themselves, a tuberculous endangut
The lesion arises in the mtima and can be distinguished from an attached thromb
by the unusually large number of bacilli contained within it and by the hquefactie
which 1t undergoes The argument that such a vascular focus is the result
dissemenation and not the cause of 1t has been at least partially refuted by the fa
that 1n some examples studied 1t 1s clearly at a more advanced stage of developmer
than the metastatic foc1 demonstrated in other organs of the body A simil
specific involvement of the wall of the thoracic duct has also been described  Fron
either of these two sources bacilli can eastly reach the main blood stream
Finally, 2 discussion upon the mode of transmusston of generalized disease would b
tncomplete without reference to the influence of trauma for there is little doubt tha
widespread can follow ipulation of a t Tous joint, curettage ¢
atut 1 d 1um, and even upon the lung atself.

It will be evident that from whatever source the bactll are denved the patho
logical and clinrcal pattern finally assumed depends on the interplay of thos.
factors enumerated above irrespective of the particular vessel or chanre
mvolved

Chronic miliary tuberculosis
Before specific treatment was available acute d of tuberculous diseast
was almost invariably fatal ; yet for over a century 1t has been appreciated that the
acute onset could be surmounted and the disease enter a chronic phase Tt is only
during the last 20 or 30 years, however, that the subject has been brought promt-
nently into the foreground by the publication of individual case reports, many of
which were made possible by the more widespread use of routine chest radiography
which has been a feature of the ime  In 1924 Burnand and Sayé, in a paper which
15 now constdered a classic, gave a clear description of the disease under the he:!d“?”'v
** Granulies Frotdes et Granulies Chromques » O’Reilly (1933-34) in Grea!.ﬂnf“} "
described an example of healed (caleified) miliary tuberculosis of the lungs in & girl
aged 8} years which he regarded as exhib a form of h spread
mntermediate between the primary focus and multary tuberculosis of the luﬂEsd
Burton Wood (1933) and Deaner (1935) contributed additional examples, a0
knowledge of the subject was further extended by the jmportant monograph by
Ho'ylc fmd Vai'zcy (1937) and the work of Fish (1937)

o Ead shep
. e
authors emphastzed the d ies of d isand drew to the dntinciun

between haematogenous mvaston and the lymphogenous form, to which reference
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ACUTE DISSEMINATION

Fi¢ 115 —Chronic miliary mottling with 2 cavity 1n the apex of the night lower
fobe in a woman aged 20 years The muliary shadows cventually disappeared
but the cawity persisted shc died 3 years later of Addion’s disease of the
suprarenal glands.
on streptomycin a full investigation of the urinary tract was carried out and the right
kidney removed (Mr Neligan) At the ime of her discharge to sanatonum after
six months 1 hospital the chest film was absolutely clear except for some minimat
* abortive " foc at both apices, and the unne was sterile on culture for tubercle bacill:
Towards the end of 1949 she was agan found to be passing bacilluin the unine, developed
severe paim 1n the back, and 1s now under treatment for Pott's disease of the spine
This subject cannot be disnussed without reference to mihary calaification in the
fung fields. This has sometimes been found dunng the performance of a routine
autopsy, or occasionally as the result of routine radiography, and 1s compatible
with good health Terplan (1943) found nearly 200 parenchymatous calcified
tubercles as an incidental post-mortem finding 1n a 60-year-old male, associated
with caleified deposits in liver, spleen and kidneys  Certain structural distinctions
suggested that not all the pulmonary nodules were of the same age  Such a finding
could very easily be due to chronic miliary tuberculosis which had healed in this
way and which had been the result of successive crops  But such an assumption at
once demands an answer to two Questions . 15 calafication in the lungs always the
result of tuberculosis 3 and 1f 1t 15 due to tuberculosis what 1s the evidence that itas
haematogenous 1n otigin ? Until lately the answer to the first question would
probably have been that, with the ption of certan y rare di
such as calcified cysts or phleboliths or the of \!




HAEMATOGENOUS TUBERCULOSIS OF THE LUNGS

from obvious acute miliary disease of the lungs, or it may be discovered radio-
logically when blood-borne dissemination has never been clinically suspected
Duagnosts 1s largely radiological (Fig 114) The foci are often larger and coarser in
texture than in acute miliary disease, but 1t 15 often difficult from an inspection of
one film alone and without taking all the features of the case into consideration to
decide nto which category a particular example should be placed  Differential
diagnosis must take into account a number of other disorders which cause a miliary
type of motthng on an x-ray film A full list of these is given in Hoyle and Vazey's
monograph Among the acute conditions which must be remembered are acute
tut lous bronch d d h ia, and pulmon-

At A A

. aro

cases the disease proves fatal within 6-12 months , 1n others, after a Jonger period
of quiescence, relapse occurs and death results from generalized disease, often with
a terminal is  Cong cardiac failure may supervene
There 1s no doubt, however, that the mihiary focr n the lungs can heal and leave no
trace, or the foct can become converted into calaified depostts which are presumably
inactive, Even those fortunate subjects in whom the disease in the lungs apparently
heals, remain hable to develop extra-pulmonary focr at any time subsequently,
even up to several years, as the following example shows :

Case 1—-C D, a single woman aged 23 years, was admutted to the London Chest
Hospital for the treatment of a night lower lobe tuberculous cavity, Seven years
previously she had spent two years in Black Notley Hospital for a tuberculous
infectton of the nght knee jotnt and was discharged in January, 1943, In Qctober,
1945, she was readmitted with an abscess behind the knee ~ Chest radiograph at this
time showed diffuse evenly distributed disease of a coarse multary type and a right lower
lobe cavity (Fig 115)  With rest the miliary opacities slowly disappeared al(hqush
a left-sided pleural effusion developed 1n 1946 This also cleared up _ The knee jount
was excised 1n September, 1946 On admission to the London Chest Hospital 1n 1948
the lungs were free of disease, radiologically, except for the lower lobe cavity. Before
treatment could be planned she sought her discharge for urgent domestic reasons
She was readmutted as an emergency two months later with symptoms of Addison’s
disease of the suprarenals from which she died 48 hours later, reststing all treatment
At autopsy both were found d by caseation
1t 1s probably too eatly yet to assess the ultimate nfluence of antibtotic ther2py

upon this class of disease ~ It may enable a proportion of these patrents to ati2in
quiescence who meght not otherwise do so, and may also reduce the risk of §u\>'
sequent breakdown or of delayed metastatic dissemwnation  That acute muliaty
disease, rendered first chronic and later healed by 15 not
necessatily relieved of this nisk 1s clear from the following case history :

Case 2—N O'B , a marned woman, Irish, aged 24 years, was admitted to t
Hospital in the eatly part of 1947 with the typrcal picture of acute muliary tube!
the lungs  She was passing bacilli in the urine  The sputum was consistently negative
She was treated with streptomyctn, receiving a 4 month course of 2 grammes darly ?‘
the begianing, later reduced to | gramme daily ~ She responded favourably and while
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ACUTE DISSEMINATION

Fi6. 115 —Chronic miliary mottling with a cawity 1n the apex of the night Jower
jobe 1n a woman aged 20 years The mxlxar{ shadows eventually disappeared
but the cawity p:mslcd Shc died 3 years later of Addison’s disease of the
suprarenal glands
on streptomycin g full investigation of the urinary tract was carried out and the right
kidney removed (Mr Neligan) At the tme of her discharge to sanatorum after
s1x months m hosprtal the chest film was absolutely clear except for some minimal
“ gbortive ” foci at both apices, and the urine was sterale on culture for tubercle bacilh,
Towards the end of 1949 she was again found to be passing bacilli in the urine, developed
severe pain 1n the back, and 15 now under treatment for Pott's discase of the spine
This subject cannot be dismussed without reference to mthary caleification in the
lung fields. This has sometimes been found during the performance of a routine
autopsy, or occasionally as the result of routire radiography, and 1s compatible
with good health Terplan (1945) found nearly 200 parenchymatous caleified
tubercles as an incidental post-mortem finding in a 60-year-old male, associated
with calcified deposits n hver, spleen and kidneys  Certarn structural distinctzons
suggested that not all the pulmonary nodules were of the same age.  Such a finding
could very easily be due to chronic mihary tuberculosis which had healed in this
way and which had been the result of successive crops ~ But such an assumption at
once demands an answer to two questions : 1s calaification 1n the lungs always the
result of tuberculosss 3 and if 1t 15 due to tuberculosss what 1s the evidence that 1t 15
haematogenous in origin 7 Until lately the answer to the first questton would
probably have been that, with the i of certain ly rar
such as calaified cysts or phiebolihs or the occurrence of metastatic calctfication
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HAEMATOGLNOUS TUBERCULOSIS OF THE LUNGS

1 the lung in assoctation with chronic nephritis as described by Barnard (1946),
calafication n the lung should be regarded as tuberculous m nature  Indeed,
tubercle bacill have been found within these deposits and certanly the presence of
stmilar foci m distant organs lends force to this argument  To the best of our
knowledge this answer 1s still largely true for Great Britain today ; but in certain
districts of the United States of America an additional and not uncommon source
of calaified deposits 1n the lung has been traced to a fungus infection, histoplasmosis.
At the time of writing only ssolated accounts of histoplasmosts occurring i Great
Britain have been published

The second problem, that of deciding whether or not such calaified deposits are
haematogenous in origin, 1s a most difficult one to settle absolutely Max Pinner
(1934) some years ago held decided views on this point and wrote these words :
* with the exception of true primary focr 1t seems that calcification occurs only in
foc1 of haematogenous origin -~ Why this should be so 1s unexplained, but in
thousands of roentgen series in adults, calcification was never seen to develop, unless
the oniginal lesions were d 22 of the h type” Thisis
a most Inte.esting suggestion and due regard must be paid to it for 1t undoubtedly
has some substance But there are difficultres tn the way of accepting it un-
reservedly, for it 1s uncertain at present to what extent a retrospsctive ml'?rence ?f

origtnal foct of such &eposns were blood borne

POST-PRIMARY HAEMATOGENOUS MANIFESTATIONS 5
It has already been observed that the time of the nttial infection, or shortly after it,
15 the one at which dissemination of the disease 1s most to be antictpated and, de-
pending upon vartous factors, such dissemination may be acute, subacute or even
chromic and protracted in1ts course  Occasionally such mihary dissemination may
be restrcted 1n extent to a small area of the lung field, generally at one or other apex
te miliary tubercul d such a findtng 1s a not uncommon accompani-
ment of tuberculous pleural effusion  The mmtial mfection, however, m most
people is surmounted uneventfully without any chintcal evidence of dissemunation,
and this 1s particularly true of 1t occurs later than the first 3-5 years of Iife. Never-
theless, 1t 1s probable that disseminatton to the lungs takes place more often thanis
popularly supposed and does so silently without cansing any clinical disturbance
One of the commonest of these post-primary manfestations ts seen at the

+ mctanrag

generally bemign, a small proportion later develop and excavate and $0 give r1s¢ 10
bronchogenic phthisis with posiive sputum ; or they may show a tendency 10
progress and extend downwards in the lung, again causing symptoms of established
dhsease

Somewhat stmilar opacities may be seen at about the same time tn other parts of
the lung field Discrete and of variable size, they may persist unaltered for a consi-
derable time before receding and finally disappearng; they may calaly 1118
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POST-PRIMARY HAEMATOGENOUS MANIFESTATIONS
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\hcsc focr lmphmed 1 the sub~apxcal rcglon of lhc lung and that (h:s lorm ot the
PRV [

remfection pulmonary tuberculosis

Itis approprme at this point to mention the * tuberculoma ™ which consists
of a mass of tissue the central portion of
which may be found caseous and hquefied. When occurning i the lung it 15
often an accidental finding and 15 revealed radiologically as a circumscribed
sphencal mass in the Jung field , as a rule there are no attendant symptoms and it
gives rise to no physical signs  Its exact mode of ortgin 1s not clearly understood
but the absence of symptoms suggests that 1t may be blood borne, as also does the
oceurrence of deposits of simular structure m remote organs such as the kidney,
spleen, Iiver, and the brain It may also be the result of the deselopment, up toa
certain point, of a post-primary already d bed, or even the Yy
component of the primary focus 1tself
The place 1n the natural evolutionary order of the disease that 1s occupied by
tuberculous pleural effusion has been the subject of considerable discussion and
cannot yet be regarded as finally settled It 1s admitted that an effusion may form
over the primary focus 1n children and be directly dependent on 1t—the ** berugn
effusion ” of Burton Wood—and 1t has been shown that the pleura may be infected
by contiguity from the mediastinal glands , 1t 15 Jikewise accepted that pleural
effusion may be a complication of established phthists although 1t 1s not very
commonly seen It 15 on the ** primary ™ or ** tdiopathic ** pleural effusion, much
the greater proportion of which are undoubtedly tuberculous 1n nature, that con-
troversy centres 1t 1s beheved that many examples of pleural effusion appear
within a few months of the mitial infection and this naturally raisesthequestionasto
whether they should be classified among the hacmatogenous post-primary dissemi-
nations. Moreover, 1t 1s not uncommon for an effusion on one stde to be followed
a month or two later by one on the opposn: side , or both may occur simulta-
neously Pleural effusion not infi acute mihiar: of
thelung  In some instances more than one serous membrane may be 1nvolved, and
a undateral or bilateral effusion 1s found associated with ascites or a pericardial
exudate Whatever may be the feeling about the relatively bemgn unifateral
effusion, a good case czn be made out for the haematogenous origin of its occur-
rence on both sides, and for those examples 1n which there 1s a more widespread
ivolvemsnt of the serous membranes Many authorttes hold that pleural
effusion 1n such instances results from the deposits of minute tuberculous foci in
that narrow band of lung substance ling beneath the visceral pleuca, knowa as the
cortico-pleural zone The practical lesson 1s that pleural effusion should be
regarded as possibly the forerunner of other mamsfestations of blood-borne disease
such as exudates 1n other setous membranes, tuberculosis in distant organs, of even
generalized muhiary tuberculosis of the lungs and meninges, quite apart from the
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HAEMATOGENOUS TUBERCULOSIS OF THE LUNGS

1n the lung 1 assoctation with chronte nephnitis as described by Barnard (1946),
calcification 1n the lung should be regarded as tuberculous n nature  Indeed,
tubercle bacilli have been found within these deposits and certainly the presence of
similar foci i distant organs lends force to this argument  To the best of our
knowledge this answer 1s stil] largely true for Great Britain today ; but in certam
districts of the Umited States of America an additronal and not uncommen source
of calcified deposits i the lung has been traced to a fungus infection, histoplasmosis
At the ume of wrting only isolated accounts of histoplasmosis occurring in Great
Bnitain have been published

The second problem, that of decrding whether or not such calcified deposits are
haematogenous 1n origin, 1s a2 most difficult one to settle absolutely ~Max Pinner
(1934) some years ago held decided views on this point and wrote these words' -
““ with the exception of true primary foei 1t seems that calcification occurs only in
foct of haematogenous onigin  Why this should be so is unexplained, but in
thousands of roentgen sertes in adults, calaification was never seen to develop, unless
the original lestons were definitely suggestive of the haematogenous type ™ Thts1s
a most ntecesting suggestion and due regard must be paid to it for it undoubtedly
has some substance But there are dfficulties 1n the way of accepting 1t un-
reservedly, for it 1s uncertain at present to what extent a retrospective 'inf‘ercnce of

antn

origmal focr of such é:posnts were blood borne.

POST-PRIMARY HAEMATOGENOUS MANIFESTATIONS

It has already been observed that the trme of the mutial infection, or shortly after if,
15 the one at which dissemimation of the disease 15 most to be anticipated and, de-
pending upon varous factors, such dissemination may be acute, subacute or even
chromic and protracted in uts course  Occasionally such nuliary dissemination may
be restricted 1n extent to a small area of the lung field, generally at one or other apex

discrete miltary tub ! d such a finding 1s 2 not uncommor accompani-
ment of tuberculous pleural effuston  The 1mital infection, however, 10 most
people 1s surmounted uneventfully without any chimcal evidence of dissemination,
and this 1s particularly true 1f it occurs later than the first 3-5 years of hfe  Never-
theless, 1t 1s probable that dissemunation to the lungs takes place more often thanis
popularly supposed and does so silently without causing any clinical disturbance

One of the commonest of these post-primary mamfestations 15 seen at the
extreme apex of the lung fields  Such a focus, or group of foci, 1n most 1nstances
heals spontaneously and ts secn on a radiograph as a caleified deposit, the so-called
“Simon focus” An alternauve name 1s the * abortve focus™. Although
generally benign, 2 small proportion later develop and excavate and so give fise (0
bronchogenic phthisis with positive sputum , or they may show a tendency 1o
progress and extend downwards in the lung, again causing symptoms of established
disease :

Somewhat stmilar opacities may be seen at about the same time 1n other parts
the lung field Discrete and of variable size, they may perstst unattered for a const
derable time before receding and finally disappearing; they may calafy It 15
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POST-PRIMARY HAEMATOGENOUS MANIFESTATIONS
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dnscasc 18 :ndogenous o origin “This theory has cértain attractions, but there are
many difficult questions to be answered before 1t can be accepted as the invanable,
or even the most probable, explanation for the ongin of the ordinary form of
reinfection pulmonary tuberculosis

1t 15 appropriate at this point to mention the “ tuberculoma ™ which consists
histologically of 2 mass of tuberculous granulation tissue the central portion of
which may be found caseous and liquefied ~ When occurning in the lung 1t 1s
often an accidental finding and 1s revealed radiclogically as a crcumsertbed
spherical mass 1 the lung field , as a rule there are no attendant symptoms and 1t
gives rise 10 no physical signs  Its exact mode of ongin 15 not clearly understood
but the absence of symptoms suggests that 1t may be blood borne, as also does the
occurrence of deposits of sumlar structure 1n remote organs such as the kidney,
spleen, liver, and the bram It may also be the result of the development, up to a
certain point, of a post-primary metastasis already described, or even the pulmonary
component of the primary focus stself

The place 1n the natural evolutionary order of the disease that 1s occupied by
tuberculous pleural effusion has been the subject of considerable discussion and
cannot yet be regarded as finally settled It 15 admitted that an effuston may form
over the primary focus in children and be directly dependent on tt—the  benign
effusion " of Burton Wood-—and 1t has been shown that the pleura may be mfected
by contiguity from the mediastinal glands , 1t 15 likewise accepted that pleural
effusion may be a complication of established phthisis although 1t 1s not very
commonly seen It s on the * pumary ” or ““idiopathic ™" pleural effusion, much
the greater proportion of which are undoubtedly tuberculous 1n nature, that con-
troversy centres it 1s believed that many examples of pleural effusion appear
within a few months of the imtial nfection and this naturally raisesthe questionasto
whether they should be classified among the haematogenous post-primary dissemi-
nations Moreover, 1t 15 not uncommon for an effusion on one side to be followed
a month or two later by one on the opposite side , or both may occur s:mulm<
neowly Pleural effusion not acute mthary tub of
thelung  Insome instances more than one serous membrane may be 1nvolved, and
a umnlateral or bilateral effusion 1s found associated with ascites or a pericardial
exudate Whatever may be the fecling about the relatively bemgn umlateral
effusion, a good case can be made out for the haematogenous onigin of its occur-
rence on both sides, and for those examples 1n which there 1s 2 more widespread
mvolvement of the serous membranes Many authorties hold that pleural
effuston 10 such wnstances results from the deposits of minute tuberculous foct m
that narrow band of Jung substance lying beneath the visceral pleura, known as the
cortico-pleural zone The practical lesson 1s that pleural effusion should be




HAEMATOGENOUS TUBERCULOSIS OF THE LUNGS

1n the lung in assoctation with chronte nephnitis as described by Barnard (1946),
calaification 1n the lung should be regarded as tuberculous in nature Indeed,
tubercle bacill have been found within these deposits and certainly the presence of
simuar foci 1n distant organs lends force to this argument  To the best of our
knowledge this answer 1s still largely true for Great Britain today , but 1r certain
districts of the Untted States of America an additional and not uncommon source
of calaified depostts in the lung has been traced to a fungus infection, histoplasmosis
At the ttme of writing only 1solated accounts of histoplasmosts occurring 1n Great
Britain have been published

The second problem, that of deciding whether or not such calcified deposits are
haematogenous 1 onign, 1s a most difficult one to setile absolutely. Max Pimner
(1934) some years ago held decided views on this point and wrote these words *
* with the exception of true primary foc 1t seems that calcification occurs only in
foc1 of haematogenous ortgin -~ Why this should be so is unexplamned, but' m

has some substance But there are difficulties 1n the way of accepting 1t un;
w e . L avanea

original foch of such écposns were blood borne

POST-PRIMARY HAEMATOGENOUS MANIFESTATIONS

It has already been observed that the time of the imattal infection, or shorily after 1t,
1s the one at which dissemumation of the disease 1s most to be anticipated and, de-
pending upan vanous factors, such disseminauon may be acute, subacute or even
chronic and protracted nits course  Occastonally such multary dissemination may
be restricted 1n extent to a small area of the lung field, generally at one or other apex
—discrete muhary tuberculosis—and such a finding 1s a not uncommon accompani-
ment of tuberculous pleural effusion  The 1nitial nfection, however, 1 most
people is surmounted uneventfully without any clintcal evidence of dissemination,
and thss 1s particularly true if 1t occurs later than the first 3-5 years of Iife Never-
theless, 1t1s probable that dissemination to the lungs takes place more often thanis
popularly supposed and does so silently without causing any climcal disturbance.

One of the commonest of these post-primary mamfestattons 1s seen at the
extreme apex of the lung fields  Such a focus, or group of foci, tn most 1nstances
heals spontaneously and 1s seen on a radtograph as a calcified depostt, the so-catled
“Simon focus™ An alternative name 1s the * abortve focus™. Although
generally benign, a small proportion later develop and excavate and so give 1ise to
bronchogenic phthists with positive sputum , or they may show a tendency 1o
progress and extend downwards in the lung, agam causing symptoms of established
disease

Somewhat stmular opacities may be seen at about the same trme tn other parts of
the lung field Discrete and of vanable size, they may persist unaltered for a const-
derable time before receding and finally disappearing, they may calafy 1115
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POST-PRIMARY HAEMATOGENOUS MANIPESTATIONS

possible that a small proportion of them progress and excavate and thus forn
starting point of overt pulmonaty disease It is thought by some authorities
the * Assmann focus 7, the early infiltration of adult reinfection phthisis, 15 o
these foct implanted 1n the sub-apical region of the lung and that this form o
disease 1s endogenous in origin  This theory has certain attractions, but ther
wany difficult quesuons to be answered before 1t can be accepted as the invari
or even the most probable, explanation for the origm of the ordinary for
remfection pulmonary tuberculosis

1t is appropriate at this pomt to mention the * tuberculoma * which cor
il y of a mass of tubercul 1l tissue the central portic
which may be found caseous and liquefied  When occurning in the lung
often an acaidental finding and 15 revealed radwologically as 2 circumse
spherical mass in the lung field ; as a rule there are no attendant symptoms 2
gives Tise to no physical signs  Its exact mode of ongin is not clearly unders
‘but the absence of symptoms suggests that it may be blood borne, as also doc
occurrence of deposits of sumilar structure 1n remote organs such as the ku
spleen, liver, and the brain It may also be the result of the development, ug
certain point, of a post-primary metastasis already deseribed, or even the pulme
component of the primary focus itsell’

The place w the natural evolutionary order of the disease that 15 occupi
tuberculous pleural effusion has been the subject of considerable discussior
cannot yet be regarded as finally settled 1t 1s adnutted that an effusion may
over the primary focus in children and be directly dependent on it—the “ b
effusion ™ of Burton Wood—and 1t has been shown that the pleura may be inf
by contigmty from the mediastinal glands , 1t 13 hikewise accepted that p!
effusion may be a compheation of established phthisis although it 15 not
commonly seen It 1s on the " pnmary ” or * idiopathic ** pleural effuston, :
the greater proportion of which are undoubtedly tuberculous 1n nature, that
troversy centres Tt 15 believed that many examples of pleural effusion aj
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exudate  Whatever may be the feehng about the relauvely bemgn unil
effusion, a good case can be made out for the haematogenous ongin of its ¢
fence on both sides, and for those examples in which there s a more wides
ux_lol\'em:nt of the serous membranes Many authonties hold that p
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regarded as possibly the forerunner of other mamfestations of blood-borne d
such as exudates 1n other serous membranes, tuberculosis 1n distant organs, o
genetalized mibary tuberculosis of the lungs and memnges, quite apart fro
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LUNG CHANGES IN EXTRA-PULMONARY FOC!

haematogenous foct found 1n 137 zdult patients of these series were mainly dis-
crete shadows, ill-defined and not bomogeneous, but some were uniform in density
and sharply demarcated from the surrounding tissue  In three patients they were
universally distributed as 1n typical mibary tuberculosss, and in 10 only one apacity
was found  One of the main conclustons drawn from this study 1s that metastatic
foct ansing in the skeletal system may quickly follow the intial infection in chuldren,
but that 1n adults the time relatonsiup i not so close

Witkmson (1937) has investigated the association from the potnt of view of
genito-urnary tuberculosss and found that of 47 patients, 20(42: per cent) showed
tuberculous lesions of the lungs or pleura  As some of the earlier cases did not
have a chest radsograph this fipure agrees fanly ‘c_l?‘sdy with Rclsn/tr's results
pouis 3 bt aia 8 ceal e o Sabs sl FaWe somee beman 3% DiSmrmend

" From these wmvestigations 1t is clear that lung changes are found in from one-half
10 two-thirds of patiests winh extra-pulmonary tubercufosis and that there are
certanty 1o grounds for beheving that there is any antagonusm between the two
forms of the discase  Furthermore, the maidence of hung disease 1s approximately
the same tn skeletal and g y . but skeletal tub a
disease of young subjects 1n the growing peniod, 15 mose often found n conyunction
with an acuve prmary complex than 1s genito-urinary tuberculosss which, occurnng
tater 1 bfe, 15 associated relatively mose often with disease of the bronchogenic or
adult retafection type.

The portal of entry of the bacii is difficult to determine precisely  There 1s no
Tea30D to assume that 1t ¢ fundamentally different from that responsible for other
types of generalization discussed earher in this chapter , in fact what evidence there
is suggests that 1t 1s the same  There 18 no evading the prominent association
between an active primary complex and skefetal tuberculosis in young chuidren, and
an obvious wference can be drawn from this 1t 1s tempting to argue that later
in life genesalization may stifl relate to the pumary complex and be dependent upon
wsreactvation  Thisis the view supported by Mann  Thus the site of the pumary
complex and the source of the first mfection wilf to same extent determune the form
that dissermnation takes and whether the buman or bovine stram of bacillus is
wvolved i the process

CHRONIC DIFFUSE EMPHYSEMATOUS TUBERCULOSIS OF THE
LUNGS
1t has already been observed that mose than one-half of the Jung changes found 1n
with ext y cannot be classified as bronchogenic
phttusis,  Certain of these changes, such as acute generalization of mihary type,
effusions into serous membranes, apical scars and aborhve focy, have already been
desenbed 1t 1s of interest 1o conuider 1n greater detml that variety to which the
term *chronic diffuse emphysematous tubetculoss™ will be apphed as 1ncorpora-
ting some of its peculiar charactenstics
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LUNG CHANGES IN EXTRA-PULMONARY FOCI

haematogenous foct found in 137 adult patients of these seres were mainly dis-
crete shadows, Hl-defined and not homogeneous, but some were unifore to deasity
and shasply demarcated from the surrounding tissue  In three patients they were
unsversally distributed as 1n typical miltaty taberculosss, and 1 {0 only ane apacity
was found  One of the mamn conclusions drawn from this study 1s that metastatic
foct ansing in the skeletal system may quickly folfow the sntial infection in cluldrea,
. T L ates andluin is Rt e elnca
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Willanson divided the pulmonary lesions into the followiag types (1) Bulateral
apicat fesions ecther inactive or onfy stuggishly active {8 cases) ; (2) unitateral apical
scarnng (1 case) » (3) widespread bilateral symmetrical Jesions with an ** apico-
caudate ” distrbuion (3 cases) , ($) bilateral acute dissemunated disease of audtary
type (2 cases), {5) fibrocaseous phthisis (3 cases); and (6) pleural effuston (3 cases)
From these investiganons it is clear that lung changes are found in from one-haif

1o two-thurds of potsents with extra-pulmonary tuberculosts and that there are
certainly no grounds for beheving that there is any antagomsm between the two
forms of the discase  Furthermare, the madence of lung disease 15 approximately
the same 1n skeletal and genito-urinacy tubercufosts , but skeletal tuberculosss, 2
disease of young subyects in the growiug pertad, 15 more often found 1 conjunction
with an active primary complex than ts penit it which, g
later 1 Mfe, 15 associated relatively more often with disease of the bronchogenic or
adult reinfection type

SRy Landl e 3 el tn darscming neamcaly  Thave 1t o

‘between an acuve primaty complex and skeletal tubercutosis 1n young children, and
an obviaus wference can be drawn from this 1t Js tempuing to argue that later
L . h v R R

mvolved 1n the process

CHRONIC DIFFUSE EMPRYSEMATOUS TUBERCULOSIS OF THE
LUNGS
1t hay alceady been observed that mote than one-half of the fung changes found in
i witl y tube cannot be clasufied as bronchogenic
philusis, Certain of these changes, such as acue generalization of mtlary type,
effusions 1nto serous membranes, apical scars and abortive foer, have afready been
descnbed. It 15 of intetest to consider 1n greater detail that vanety (o which the
term “'chronic diffuse empbysematous werculosts™ wili be applied as ncorpora~
1ing some of 1ts peculiar charactenstics
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HAEMATOGENOUS TUBERCULOSIS OF THE LUNGS

added nisk which these subjects run of subsequently developing the more flond
form of retnfection phthusis.

LUNG CHANGES IN EXTRA-PULMONARY FOCI

If the haematogenous origmm of most extra-pulmonary tuberculous lesions is
accepted, 1t mught be possible to obtain some information about the type of pul-
monary changes associated with such scattered disseminations by clinical and x-ray
examenation of the lungs of these patients

There have been several published surveys of the mcidence of pulmonary disease
n“ surgtcal ” tuberculosis  For example Resner (1934) mvestigated 240 patients,
mostly adults, comprising 160 examples of skeletal disease, 66 of gemto-urinary,
and 14 10 which serous membranes of the body were affected  In the material as 2
whole he found evid of pul y disease, excluding the remains of the primary
complex, 1n 124 cases (51 7 per cent) He classified these changes into several
groups . (1) Mintmal or abortive lesions  These accounted for 17 per cent of the
124 ples and d of sparsely , often calcified, nodules 1n thelung
apices  (2) Chromic disserninated lesions, which accounted for 24-2 per cent of the
sertes  The form of the disease in this group was bilateral and symmetrical in dis-
tribution, 1nvolving the upper zones more tharn the lower  Emphysema was noted
at the bases  Symptoms were absent in about half of these cases and the sputum
generally negative for tubercle bacillt  (3) Chronic dissenunated lestons sumilar to
the ding but exh d of ulceratton and cavitation  Reisner
found this type of disease in 17 per cent of the cases In contrast to the precgdmg
group, symptoms were present and the sputum positive 1n most of these patients.
(4) Terminal acute disserumation was seen 10 8 per cent  In some this followed

P proced The 1 to 33-8 per cent of the
sentes, exhibited the characteristics of the ordinary form of bronchogenic phthists
and were further subdivided into caseous pneumonte, cirthotec, and benign exuda-
tive forms  Thus 1n 82 out of the 124 patients showing pulmonary involvement
(662 per cent or groups 1 to 4 above) the disease presented certain features \th"h
were unlike bronchogenic phthisis as ordmanly seen  Reisner believes that in
these 82 patients the pul y disease was t

Mann (1946) has contributed an interesting study of the association between
skeletal tuberculosis and lung disease  He investigated 500 examples of sheletal

berculosi to an orthopaedic hospital in 3 years The series was to
some extent selected 1n so far as obvious les of 'y losis w
precluded from admssston to the hospital ~ Even so Mann found that 284 (57 per
cent) of these patrents had active pulmonary lesions.  IF the selected nature of the
matenal 1s allowed for Mann's figures would suggest a considerably higher
wncidence of assoctation than would Reisner's, a finding that could be explained by
the larger proportion of children 1n his senies  Mann found that mntrathoracte
Involvement was more common in children than n adults  He found, nlfo, that in

ere

same time as the skeletal lesion ; and that i adults over the age of 15 years whal
were considered 10 be haematogenous foct were found in 40 per cent of ¢ases The

302



LUNG CHANGES IN EXTRA-PULMONARY FOCL

S L Fa Po a4 1397 AWl manants of ther series were mnnly dise
+ were uniform 1n density

. three patients they were
umversafly distributed asm typu:n& mihaty tuberculosxs, and in \0 on(y one cpamy

tuberculous Tesions of the jungs or pleura  As some of the earher cases diut not
have a chest radiograph this figure agrees fauly closely with Reusner's results.
lekmsun dmded th-: pu‘monary fesions into the following types - (1) Bdateral

e meates wlrems thly artye (R ensesy (74 ndaterad anieal

10 two-thirds of patients with extra-pulthonaty tuberculosis and that there are
certanly no grounds for beheving that there 15 any antagotsm between the two
forms of the disease Fur\h:rmore, the mc:dencc of lung disease 1s appmxlmamy
the same 1n skeletat and ger Yy it . but skeletal 1}
disease of young subjeets i the growing pertod, 15 more often found m con)uncuon
with an active primary complex than s genito-uraary tubercolasis which, occarring
Tater 1n kife, 15 associdted relatively more aften with disease of the bronchogene or
adult resnfection type

The portal of entry of the bncuh x d mcuu o detcrml

pxcuse\y There 15 no
O

between an active primary complex and skeletal tuberculoss 1n young chuldren, and
an obvious mference can be drawn from this It s tempting to argue that later
A . - AR A I

that dissemunation takes and whether the human or bovine stran of bacsdtus 1s
mvolved in the process

CHRONIC DIFFUSE EMPHYSEMATOUS TURERCULOSIS OF THE
LUNGS
1t has already been ohserved that mvrc than one-half of the lung changes found i
i with eki cannot be classified as bronchogene
philugis.  Certawn of these ch:mges such as acute generahzanon of mikary type,
effusions 1nto serous membranes, apical scars and abortive foey, have already been
described Tt 1s of 10terest to consider m greater detard that vanety to which the
term “chromic diffuse emphysematous tuberculasis™ will be apphied as incorpora-
ting some of 1ts peculiar chatactenstics.
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added risk which these subjects run of subsequently developing the more flond
form of renfection phthisis

LUNG CHANGES IN EXTRA-PULMONARY FOCI
If the haematogenous ongin of most extra-pulmonary tuberculous lesions is
accepted, 1t might be possible to obtain some nformation about the type of pul-
monary changes assoctated with such scattered disseminations by chinical and x-ray
exannation of the lungs of these patients
There have been several pubhished surveys of the incidence of pulmonary disease
1 *“ surgical ” tuberculosis  For example Resner (1934) investigated 240 patients,
mostly adults, comprising 160 examples of skeletal disease, 66 of gemto-unnary,
and 14 in which serous membranes of the body were affected  In the material as a
whole he found evid of pul y disease, ding the remans of the primary
complex, 1t 124 cases (51 7 per cent) He classified these changes nto several
groups . (1) Mummal or abortive lestons, These accounted for 17 per cent of the
124 examples and consisted of sparsely scattered, often calcified, nodules in thelung
aprces  (2) Chronic disserminated lesions, which accounted for 24 2 per cent of the
series  The form of the disease i this group was bilateral and symmetrical in dis-
trabution, 1nvolving the upper zones more than the lower  Emphysema was noted
at the bases  Symptoms were absent in about half of these cases and the sputum
generally negative for tubercle bacilli  (3) Chromc dissemmated lesions similar to
the preceding but exhibtting evidence of ulceration and cavitation. Retsner
found this type of disease tn 17 per cent of the cases In contrast to the preceding
group, symptoms were present and the sputum positive i most of these patients.
(4) Termunal acute dissemination was seen 1n 8 per cent. In some this followed
operative procedures  The remarning examples, amounting to 33-8 per cent of the
series, exhibsted the characteristics of the ordinary form of bronchogenic phthisis
and were further subdivided 1nto caseous currhotic, and benign exuda-
twe forms  Thus in 82 out of the 124 patients showing pulmonary involvement
{66 2 per cent or groups | to 4 above) the disease presented certain features whlgh
were unltke bronchogenic phthists as ordinarily seen  Reisner believes that in
these 82 patients the pul y disease was h;
Mann (1946) has contributed an study of the between
skeletal tuberculosts and lung disease  He investigated 500 examples of skeletal
tuberculosts admutted to an orthopaedic hospital 1n 3 years The senies was 10
some extent selected 1n so far as obvious of pul Yy losis were
precluded from admission to the hosprtal  Even so Mann found that 284 (57 per
cent) of these patients had active pulmonary lestons  If the selected nature of the
matental 1s allowed for Mann’s figures would suggest a constderably hegher
1ncidence of association than would Reisner’s, a finding that could be explamed by
the larger proportion of children m his series  Mann found that intrathoracic
1nvolvement was more common 1n children than i adults. He found, also, thatie
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same tme as the skeletal lesion , and that 1n adults over the age of 15 years what

were considered to be haematogenous foct were found 1n 40 per cent of cases. The
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haematogerous foct found n 137 adult patients of these series were manly dis-
crete shadows, ill-defined and not homogeneous, but same were uriform 1n density
and sharply demarcated from the surrounding tissue  In three patients they were
unsversally distributed as m typicat mihary taberculosss, and tn 10 only one apacity

Wilkinson (1937} has mvestigated the assocration from the powat of view of
senito-uninary tuberculosts and found that of 47 patients, 20 (42:3 per ceat) showed
tuberculous lestons of the lungs or pleusa. As some of the earhier cases did not
have a chest radiograph this figure agrees faudy closely with Rewsners resuits,

type 12 cases); (5) fibrocaseous phthists (3 cases); and (8) pleural effusion (3 cases).

From these investiganons it 15 clear that Jung changes are found in from one-half
to two-thirds of patients with extra-pulmonary tuberculosis and that there are
certainly no grounds for beleving that there 15 any antagomism between the two
forms of the disease  Furthermore, the inctdence of lung disease is approximately
the same 1 skeletal and genito-unnary tuberculosss , but skeletal tuberculosis, 2
disease of young subjects in the growing period, 1s more often found 1n conjunction
with an active ptimary complex than ts genito-utuary tuberculosis which, occurning
later m hife, ts assocuated relanvely more often wath disease of the bronchogeme or
adult remnfection type.

The portal of entry of the baculli 1s dfficuit 10 determine premsely  There 1s no
reason 10 assume that it s fundamentatly different from that responsible for other
types of generalization discussed earher in this chapter , m fact what evidence there
35 suggests that 1t 1s the same  There 15 no evading the promioent assocation
between an active primary complex and skeletal tuberculosts 1 young children, and
an obvious mierence can be drawn from this 1t is tempung to argue that later
in ife generahization may stlf relate to the primary complex and be dependent upon
s reacuvation  Thisis the view supported by Mann  Thus the site of the pnimary
complex and the source of the first wfection will to some extent determune the form
that dissemination takes and whether the human or bovine stram of bacyilus 15
wvolved 1n the process.,

CHRONIC DIFFUSE EMPHYSEMATOUS TUBERCULOSIS OF THE

LUNGS
1t has already been observed that more than one-half of the lung changes found
with puls y tuberculosts cannot be classified as dbronchogense

phittusis.  Certain of these changes, such as acute gencratization of rubary type,
effusions 1nto serous membranes, apical scars and abortive fory, have already been
desenibed It is of 1aterest to consider 1 greater detaif that vanety to which the
term *“chronic diffuse emphysematous tuberculosis™ will be apphed as NCOTPOTa~
ting some of 11 pecuhar charactensstics

I
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added nisk which these subjects run of subsequently developing the more florid
form of retnfection phthisis

LUNG CHANGES IN EXTRA-PULMONARY FOCI
If the haematogenous origin of most extra-pulmonary tuberculous lesions 1s
accepted, 1t might be possible to obtain some information about the type of pul-
monary changes d with such d di inations by clinical and x-ray
examination of the lungs of these patients

There have been several published surveys of the incidence of pulmonary disease

n * surgical " tuberculosis  For example Reisner (1934) investigated 240 patients,
mostly adults, comprising 160 examples of skeletal disease, 66 of genito-urinary,
and 14 1n which serous membranes of the body were affected. In the material as a
whole he found evid, of pul. 'y disease, excluding the remains of the primary
complex, 1n 124 cases (51 7 per cent) He classified these changes mto several
groups : (1) Mimmal or abortive lesions  These accounted for 17 per cent of the
124 examples and consisted of sparsely scattered, often calcified, nodules in thelung
apices  (2) Chronic disseminated lesions, which accounted for 24 2 per cent of the
series  The form of the disease m this group was bilateral and symmetrical in dis-
tribution, 1nvolving the upper zones more than the lower  Emphysema was noted
t the bases  Symptoms were absent 1n about half of these cases and the sputum
lly negative for tubercle bacilli  (3) Chrontc dissemnated lesions simular to
preceding but exhibiting evidence of ulceration and cavitation Reisner

d this type of disease in 17 per cent of the cases In contrast to the preceding

1p, symptoms were present and the sputum positive 1 most of these patients

&) Terminal acute dissermination was seen in 8 per cent. In some this followed
operative procedures  The remaining examples, amounting to 33-8 per cent of the
sertes, exhibited the charactenstics of the ordinary form of bronchogenic phthisis
and were further subdivided 1nto caseous cirrhotic, and benign exuda-
tive forms. Thus 1n 82 out of the 124 patients showing pulmonary mvolvement
(66 2 per cent or groups 1 to 4 abave) the discase presented certajn features which
were unlike bronchogenic phthusis as ordinanly seen  Retsner belteves that in

[ P T -

. ween
letal

1 d d to an ort hospital 1 3 years. The serifs was to

some extent selected 1n so far as obvious les of pull were

ry
precluded from admussion to the hospital  Even so Mann found that 284 (57 per
cent) of these patients had active pulmonary lesions. If the selected nature Q“he
matenal 15 allowed for Mann’s figures would suggest a considerably_ higher
incidence of assoctation than would Reisner’s, a finding that could be explained by
the lacger proportion of children m his series Mann found that ntrathoracic

involvement was more common 1n children than in adults. He found, also, that in
PP, Frnn wsth anlarpement

that

. . . the

same tume as the skeletal lesion ; and that 1n adults over the age of 15 years wh:!

were considered to be haematogenous foct were found in 40 per cent of cases. The
302
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LUNG CHANGES IN EXTRA-PULMONARY FOCH

haematogenous foct found 1n 137 adult patients of these senes were mamly dis-
crete shadows, ill-defined and not homogeneous, but some were uniform in density
and sharply demarcated from the surrounding tissue  In three patients they were
umiversally distributed as 1n typical miliary tuberculosis, and in 10 only one opaaity
was found  One of the main conclusions drawn from this study is that metastatic
foct aristng in the skeletal system may quickly follow the initial infection in chifdten,
but that 1n adults the time relationship is not so close

Wilkinson (1937) has investigated the association from the point of view of
gemto-urinary tuberculosis and found that of 47 patients, 20 (42'5 per cent) showed
tubercutous lesions of the lungs or pleura. As some of the earher cases did not
have a chest radiograph this figure agrees fairly closely with Resner’s results.
‘Wilkinson divided the pulmonary lesions nto the following types : (1) Bitateral
apical lestons either tnactive or only sluggishly active (8 cases) , (2) unilateral apical
scarring (1 case) ; (3) widespread bilateral symmetrnical lesions with an * apico-
caudate ” distribution (3 cases) ; (4) bilateral acute dissemunated disease of muhiary
type (2 cases), (5) fibrocaseous phthisis (3 cases); and (6) pleural effusion (3 cases)

From these investigations it s clear that Tung changes are found in from one-half
to two-thirds of patients with extra-pulmonary tuberculosis and that there are
certanly no grounds for believing that there 1s any antagonism between the two
forms of the disease  Furthermore, (hc mcndencc of lung disease is approumatcly

the same 1n skeletal and gemit ary losts 3 but skeletal
disease of young subjects in the growing period, 1s more often found n conjuncuon
with an sctive primary complex than is whach,

later 1n hfe, 15 associated relatively more often with. dlsease of the hronchogcmc or
adult reinfection type
Tlamment 2€ il S telt 4t . I

‘between an active primary complex and skeletal tuberculosts in young children, and
an obvious inference can be drawn (rom this. 1t 15 tempting (o argue that later
s . '

that dissemmation takes and whether the human or bovine strain of bacillus 15
mvolved in the process

CHRONIC DIFFUSE EMPHYSEMATOUS TUBERCULOSIS OF THE
LUNGS
1t has alreadv hern nh\erved that move than erechalf oF tha ] ;-

AT IS
Bttt i

ung some of its peculiar charactenstics
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added nisk which these subjects run of subsequently developing the more flos
form of remfection phthisis,

LUNG CHANGES IN EXTRA-PULMONARY FOCI
If the haematogenous omgin of most extra-pulmonary tubercufous fesions
accepted, 1t might be possible to obtan some 1nformation about the type of pu
monary changes d with such d disseminations by clmical and x-ra
examnation of the Tungs of these patients
There have been several published surveys of tfie incidence of puimanary diseas
" surgical ” tuberculosis.  For example Reisner (1934) investigated 240 patient:
mostly adults, comprising 160 examples of skeletal disease, 66 of genito-urinary
and 14 i which serous membranes of the body were affected, In the materiai as
whole he found evid of pul y disease, excluding the remarns of the primar:
complex, 1n 124 cases (51 7 per cent) He classified these changes into severa
groups {1} Mimmal or abortwve lesions. These accounted for 17 per cent of the
12: les and d of sparsely d, often calcified, nodules in thelung
apices  (2) Chronic disseminated lessons, which acconnted for 24 2 per cent of the
series  The form of the disease tn this group was bilateral and symmetrical in dis-
tribution, 1nvolving the upper zones more than the lower. Emphysema was noted
at the bases. Symptoms were absent 1n about half of these cases and the sputum
T T * Chronic disseminated lesions sumilar to
f ulceration and cawtation. Reisner
' ' “the cases In contrast to the preceding
group, symptoms wete present and the sputum positive in most of (h:§= patieats
(4) Terminal acute dissermnation was seen in 8 per cent. In some this followed
operative d The ini to 33 8 per cent of She
series, exhibited the charactenistics of the ordinary form of bronchogeme phthisis
and were further ivided into caseous currhotic, and benign exuda-
twve forms. Thus 1n 82 out of the 124 patients showing pulmonary mvolvemgn(
(662 per ceat or groups 1 1o 4 above) the disease presented certain features which
were unlike bronchogemic phthisis as ordinanly seen  Reisner believes that in
these 82 patients the pul: y disease was h L
Mann (1946) has contributed an interesting study of the association between
skeletal tuberculosis and Jung disease  He nvestigated 500 examples ?{ sheletal
berculosis ad d to an ort} dic hosputal 1n 3 years. The series was to
some extent selected 1n so far as obvious tes of p Y losis were
precluded from admission to the hospial  Even so Mann found that 284 (57f p;r
cent) of these patients had active pulmonary lesions.  If the selected nature of the
material 1s allowed for Mann's figures would suggest a considerably hugher
1ncidence of association than would Reisner’s, a finding that could be explained by
the larger proportion of children in his semes  Mann found that lnrmmir:iqc
1nvolvement was more common 1n children thaa in adults, He found, also, that in
children the type of lung disease was more often the pnmary focus with enlnrgfn;;:;
of the mediastinal glands than other types of haematogenous mnmf’:i(e;lma; A
the younger the child the more often was an acttve primary complex foun L e
same time as the skeletal leston , and that 1n adults over the age of lg years iy
were considered to be haematogenous foct were found 1 40 per cent of eases.
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CHRONIC DIFFUSE EMPHYSEMATOUS TUBERCULOSIS OF THE LUNGS

the chest were 1nconspicuous, yet the radiological extent of the disease was const
derable and corresponded to the ** ground glass ™ pattern It is curious that in
these patients the extrinsic parts of the larynx—the epiglottss, aryepiglottic folds,
and arytenoids—are chiefly affected  The prognosis 1n the absence of specific
treatment is not good and collapse therapy is rately successful, but the outlook has
materally altered for the beiter since streptomycin has been used  The following
case history will serve as an example .
Case 3~T A, marned woman, aged 30 years, seen in the out-patient department of
the London Hospital in March, 1950 In November, 1949 an ulcer was excised from
the centre of the tongue which had b?ﬂ\ present f.or n?a(\y.QnQ year a(\.d. &hv:h was

writing the larynx and her gensral condition have improved beyond recognition and
the x-ray changes are bsginning to clear
Examples of ths 1ype of disease can also be found in skeletal and gemto-unnacy
tuberculosis

Case 4—D M, a married woman aged 30 years, had left-sided pleurisy 1 1938,
and m 1939 was under trcatment for tuberculous peratonstis and salpingiis  In 1940
she was admutted to Black Notley Hospual for tuherculosis of the spme  She had
three separate lesions m the vertebral column  There were practically no chest
symptoms and such sputum as was produced was at first negative for tubercle bacilh,
fater becormng posittve  X-ray examunation of the chest in July, 1940 shows extensive
disease 1n the upper one-third of both lungs (Fig 1172), An enlargement of the left
upper zone (Fige 1176) brings out mote clearly the diffuse nature of the change and
the * ground glass " effect

She received prolonged treatment for her spine and made a good recovery Fig
1(8aand 6 show the state of the lungs in May, 1947 . the disease has almost completely
cleared and punctate deposits of calaification can be seen in the left upper zone

Case S—S H , male, aged 22 years, had tuberculosis of the nght elbow jomt in
1945 Apart from some breathlessness which was of fong standing there were no
iy anivabeitiup T e A :

18 slowly cleanmg and that calaification 15 oecurring at both apices
The evidence which has led to the belief that these mamfestations 1n the lung are
haematogenous in origin demand a bnef recapstutation

(1) The character of the x-ray appearance in the easly stages 1s essentially different
from fib by of b ongin  Later, as has been re-
marked, this charactenstic may become masked and the change exceedingly
difficult to interpret correctly  Furthermare, the great disproportion between the
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In 1934 Max Pinner teported on 28 cases of pulmonary tuberculosis (14 of which
came 1o hecropsy) which in his view differed from the usual bronchogenic phthisis
He gave an account of the x-ray characterstics of this group. The upper zones
were symmetrically invaded by soft fluffy areas with blurred borders, fairly home-
geneous 10 structure but varying considerably in size,  The foci were not clear-cut
ltke miliary deposits but were yomed by * stungy fnes”, Puner noted also the
gross disproportion between the extent of the x-ray change and the degree of
clincal symptoms and signs, which Were meagre  This finding infiuenced him in
expressing the view that this type of disease was haematogenous in nature,  There s
ittle doubt that this entity 35 similar to, 1f not 1dentical with, that described by
Retsner (group 2, page 302jas chrome disseminated tuberculosis and which he found
1n 24 2 per cent of those patients 1n hus series who had both extra-pulmonary lesions
and lung changes  Wilkinson also observed it tn 3 out of the 47 patients with
genito-uninary tuberculoss which he studied

In the early stages the lung change 1s almost invanably a radiological discovery,
The aboormality s extensive and involves the upper one-half or twa-thirds of the
tung fields It is bilateral and cuniously symmetnieal in distribution  The shadows
differ from chronic mifiaty tuberculosis in that the individual foci are fess clear-cut
and more diffuse, and are connected to one another by fibrils or strands which
mmpart a2 retienlation to the affected area  The expression * ground glass ™ or
* frosted glass ** has been aptly applied 101t The essence of the change 1s difficuit

to reproduce convincingly and only a close study of the film itsell will demonstrate
watall vindly  If the disease 15 progressive the individual focr coalesce and come
into jon with a ¢ hus , il wilf resuft, and bmnchqgemc
spread follows winch may so alter the x-ray appearance as to render the origimat

distinctive pattern no longer recogmzable
On the purely chnrcal side the most remarkable features of this type ’of tuber«
. - Ll e chamac

...... sonm ta heanchasente nhthists takes place, SYmpPLOTs dlu vanwie vy peses -

Dawvis and Wilson (1938) drew attention (o Certain eXasipies Ui wuvvivuvns
Aazpgais mbhich wae i d by a ive x-ray app of the chefsct.
and from their description of the film there seems fittle doubt that ‘th%‘:hcm
observing the particufar type of x-ray change under discussion A he
Sonen Toliald avamanlas of haematogenoys disease in which the qr‘cs‘cn‘_z_‘g

1Rnese PaLILLs nu e s
’ ptoms were complained of

disease without resprratory symptoms
¢ added, physicat signs 12

clusively, mals in the muddie pnod of kfe, taryngeal sym;
for some months very often before chest symptoms becam
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Fic 116 —Bilateral nfiltration of the »
* ground glass ” pattern occurring in a ‘,." Fo. -
woman, aged 30 years, mn_association RN
ibvciipal B S it p ki g T
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CHRONIC DIFFUSE EMPHYSEMATOUS TUBERCULOSIS OF THE LUNGS

Fic_ 117 —Bilateral, predominaritly apical,
symmelncal nfiltration of |he ** gron und
glass ** pattern occurring in a woman, ag
31 years, with tuberculosis o( the skeletal
and gemto-urmary systems (July, 1940)



HAEMATOGENOUS TUBERCULOSIS OF THE LUNGS

Fic 118—The x-ray_appearance of the
same patsent as i Fig 117, seyen years
Yater (May, 1947), after she had recerved

d 'bed rest and
for skeletal discase There has been
considerable cleanng and punctate areas
of caleification are apparent m the lung
elds

@)




Fig 119 —Diffuse, bilateral, symmemcal lnﬁllmuon of upper one-third of lung
fields m a malc, aged 22 years, who had few 1f any symptoms of lung disease
bt admitted with tuberedioss of 1ght elbow jount (May, 1946)

Fic 120—Same patient as Fig 119 Swte of lungs, Sept 1949 The
infiltration has partially cleared. is now more formative ~ In character; calcy-
deposits are visible. No specific treatment had been used for the lungs.
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FiG 122 —Same case
as in Fig 121 (i6th
Feb , 1952), healing
has taken place by
caletfication  Here-
cerved streptomyctn
shortly after his ad-
mission, and for-
ther courses later,
but no other aciive
treatment  beyond

which his skeletal
dusease necessitated
1t 15 probable that
* the left mid-zone
lesion representsthe
mitial mfection, the
apical disease post-
primacy  haemato-
genous  dissemina-
tion The films
demonstrate the
tendency to heal by
cakification  (Bv
courtesy  of Dr.
B W. Armstrong )

[ e e e e

Fi6 121,—Young man,
aged 21 years, taken
shortly after he had
been admitted to an
orthopaedic hospital
(10th” Nov., 1948},
with tuberculosis of
the nght hip, right
wina and  carpus,
Tater he developed
synovial infection of
the rz;hl knee joint.
The film shows soft
iffuse disease at both
apices and denser 10-
filtration 1n the left
mid zone (By court-
esvof Dr B W Armi-
strong.)
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HAEMATOGENOUS TUBERCULOSIS OF THE LUNGS

despread ; in the adol erzod the s it
vulnerable, while in middle age gt P' inary kelerg : symmb:z;xi Ferieacy
common The serous membranes become mmplicated at an b
patticulacly so within 6-12 months of the occ}l)xrrence of :hey;ﬁf;ﬁ:‘rcgglzb:z
adolescence or young adulthood  In some patients mamfestations in more than one
system of the body follow one another at intervals of a few years ; in others com-
bined lesions are present from the beginning  The whole process n;ny be protracted
over many years  Follow-up studies suggest that disability and death are more
often the result of these extra-pulmonary foet than of the lung disease atself, with
meningitis and involvement of the suprarenals as those most to be feared

- :

SO
one
onl .

There 15 no aspect of tuberculoss 11 which preventton is more important and a
great deal of the effort expended towards safe d e is directed

agawst tus form of the disease  The close relationship between the initial infection
n early hife and acute generafization pomts to the importance of separating young
children from the source of nfection 1n the home and elsewhere  The younger
the child the more devastating often 15 the result of such infection and the greater
the need therefore to break contact  If there 1s delay i removing the ** open ™ case
to hosputal for treatment the child should be removed from the home and boarded
out, or if this cannot be done steps should be taken by explanation and persuasion
to reduce the nsk to a mimmum  Experience with the bacitlug of Calmette and
Guérin has shown that 15 a valuable p measure  As SOOR as
the occurrence of the primary complex 1s recognized m a young child and deemed
worthy of treatment, rest under good conditons should be enforced

Strep: in has y altered the progi and is proving of the greatest
service 1n treatment  Details of treatment are given elsewhere and lie outside the
scope of this chapter, but 1t can be stated at thus point that the active exudative
lestons of haematogenous tuberculos:s often respond dramateally to the drug and
provide one of the most urgent wdicattons for its use  Streptomycin must be
used, however, with discretion and caution tn this as in other forms of tuberculosis,
and does not abolish the need for general treatment such as rest under sanatortum
conditions which may need to be enforced for a considerable time  Collapse
therapy 1s less often required 1n bercul than 1n fit
tuberculosts with cavitation  In those varteties of the disease which progress and
pass into the open bronchogenic form the need for collapse therapy must be judged
on the individual merits of the case .

Finalty, a word must be saad about the management of the patient with combined
Iesions It has afready been scen that the disease can emerge as solated yet con-
secutive incidents m vanous systems of the body, and each of these demnnqs skilled
judgment and treatment by experts in the particular spectality  Yet in every
Instance the treatment must be related to the background of the infecuve process
asawhole This prunciple has been clearly stated by Cleveh:\d (1935) in a review
of the surgical treatment of joint tuberculosis when he says * the condition of lh;_:
lungs, upper respiratory tract, gastro-intestinal tract, and gentto-urinary tract 15 of
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CHAPTER 13

BRONCHOGENIC TUBERCULOSIS

F. H Young
BRONCHOGENIC DISEASE
ALTROUGH the primary and hi forms of tub when situated

in the lungs, have special features as compared with tuberculosis in other
o1gans, it 1s in the bronchogenic forms that the great difference occurs These
forms make up the bulk of the cases of chrome pulmonary tuberculosis It
must, however, be emphasized that climically the distinction between the broncho-
geme form of the disease, the late primary disease occurring in adults and adoles:
cents, and disease caused by h d is frequently i )
(Isracl and Longer, 1942) ~ Apart from ths, unless these forms heal, bronchogenic
disease 1s superimposed on them  This fact renders 1t difficult, 1f not impossible,
for the pathologist to determine m which way any particular lesion started.

Aetiological factors
The apprecation of the vaganes of bronchogenc disease must take cogarzance

of the following facts
The presence of material contaiming tubercle bacill, free in the bronchial s3stem
There seem to be three possible sources from which tubercle bacilli can get

into the bronchial tree

(1) From a cavity 1n the lung: 1t 15 quite unnecessary to demand that ths
should be demonstrable radiologically ; many cavites are too small to be shown
by this means

(11} From an ulcer 1n the bronchus.
strable tuberculous bronachs, but w th*

of mucroscopic bronchial inflammation s
and many lestons are beyond bronchoscopic vision -

(1) From the ulceration nto the bronchus of a breaking-down tuberculous
gland

(1v) From exogenous sources, by inhalation

The difference ut the reaction of the lung tissue of different individuals

In addition to this there may possibly be vanations from time to time in the
same indrvidual B
_ Unless there 1s an appreciable resistance 10 the presence of the tubercle bacillt
on the bronchial mucous membrane, it 15 obvious that, once tubercle bacilli are
present 1n the bronchial tree, the tuberculous processes wonld proceed }xmn\e:
ruptedly to the death of the individual by a process of multtple aspiration an
implantation of disease  The part played by the scavenging process tn the reduc-
tion 1n the time during which the contact takes place 1s of the greatest importance,
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BRONCHOGENIC TUBERCULOSIS

(4] Rad/alaglml rl:.rco;'ery of pulrmmary Shadgyeg

e dm:ovcry € Mmade mdnologically of Shadoy,s mn the lungs, Which
subscquem mvesngauons Prose ¢4 be dye 0 DPreclingea; tuberculosis It 4
fare 1y ¢ T abng, "maj Physicy Signs 1 the lungs, Causeq by luberculosis,
Which Carefy} quesnomng does 10t prove 0 haye 8iven T1se to Some symptorns,
thougp, the; may haye been 5, shight that the Patient pag Considereg them 1o be

e
losts

€aranc, fan; X-ra; shadoy, md:cnrmgpost-pnmaryrubercu
it h Yoy Usually o lmporlanCe, and shoulq

i f
te s due o the Productyoy, and absorpyon ol
/ the Tand the tissues Obvxously

tter of hours or days after the :mplantatlon
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ONSET OF DISEASE

Toxaemic symptoms

Toxaemic symptoms may be either obvious or so shght that the patient is
unaware of them unless they are brought to hight by careful questioning  The
most mmportant line of exploration 1s comparison between the patient’s state
at the time of interrogation and, say, 12 months previously  Most of the common
toxaemic symptoms, such as excesstve fatigue, malaue, loss of werght, loss of
appetite, indigestion, 1rntability, and dyspnoea on exertion, are also produced
by the stram of modern life, especially 1n young women who are working hard,
playing hard, or keeping late nights, or who are tn conflict with their enviconment
Even 1f of pathological onigin, they are, of course, not confined to mherc:xlosls, but

may be due to other causes, such as chronic anaemua, hyper
and so forth
The main di between of 1 toxaemia and stress

symptoms ltes in the fact that the former are found to have anisen within 2 period
of a few months, duning a time when other stresses have not increased  In young
people, toxaemra due to tuberculosis will usually steadily increase over a period
of weeks or months within less than a year, 1f the toxaera has existed without
change over a long period, other causes are more hkely A more chrone form of
toxic symptoms often occurs 1n somewhat older pauents It occurs in fibroid types
of pul y tubercul when a derable area of the lung 15 1nvolied
In these cases the patient will be found to be hving a life of shightly subnormal
actiity, which he has found to be within his capabilities. A large number of
cases of this type came to hight at the beginming of World War II, the 1ndividuals
concerned either undertook extra work 1n their businesses, or, under the spur of
patriotic feehng, became Home Guards, Special Constables and so forth, by
which means they sacrificed leisure which had enabled them to remain on terms
with their unrecogmzed disease

Temperature

4
In the assessment of occult toxaemia, accurate temperature and pulse charts
and observation of the erythrocyte sedimentation rate are essential  Temperature
Al oe N CI e peraty

rarnrds nea o

will be adequate to take the temperature before nising, and at about 6 0 p‘m ,
after the pavent has rested for 15-20 munutes In €ases of difficulty the
evening temperature should be taken for a week at 20 pm,40pm, 60
pm, and 80 pm, and the highest recording of these 1s taken as the evening
temperature It 1s seldom that an tndividual knows hus personal normal tempera-
ture but, if he daes, 1t 15 of considerable value  In the casz of an average male,
from 978°-932° F 153 normat than the trad

984° F 1n the mouth  The ~~--eum oo T -

higher A dwrnat vanan

shghtly raised eveming tem ..

of much greater significance than are isolated readings  Many women have a
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BRONCHOGENIC TUBERCULOSIS

Fite 123 —Three
years history of
indigestion for
which no cause was
found  Symmetri-
cal fibronc disease
of both upper zones
often connected
with this symptom-
atology

premenstrual rise of temperature and ths should be allowed for, but it is frequently
d 1n pal beronl

Amenorrhoea and gastric symptoms
Two spectal features may be mentioned Amenorrhoea 1s common 1n young
women with tuberculosis—so much so that, 1f 1t occurs in a girl previously regular
n her habits and p 15 excl a radi of the lungs should be
taken In a proporuon of cases with symptoms suggeslmg a gastnc uleer, a
radiograph will reveal a shadow of t (Fig 123);
often these shadows are of the fibrotic lypc, mvolvmg both apices faurly

symmetrically.

Pulse

A rased pulse rate 15 present frequently in toxacmic cases Indeed, it
sometimes persists when other evidence of toxaemia has abated. It 1s of hll]i
help unless the patient 1s 1 an wnstitution, or at least 1n bed at home  The normal
rate varies within wide hmits and emotional factors often render 1t unstable :
but a persistently high rate, occurring m a patient whcn 1n bed, 1s presumptive
evidence of toxaemia,

Psychological symptoms of toxaenua . L
It is mentioned above that lmmblhty, ina
is often di of t - It was remarked by the nurses
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BRONCHOGENIC TUBERCULOSIS

tuberculosis  Even after the fullest tnvestigation, there remains a group of cases
for which no cause can be found 1 have had the opportunuty of seemng aff the
members of the City of London Police who complained of haemoptysts, however
slight, over a period of 20 years  When no cause was discovered the men returned
to duty, but they were regularly re-examined with x-rays for periods ranging from
3to5years In 2 cases obvious shadows developed attributable to tuberculosts,
re-scrutiny of the early films showed them to be extensions of pre-exssting shadows
which had been masked by the ribs In 3 of the remaining 30 cases small dense
foct developed, which probably indicated tiny tuberculous lesions, but in the
remainder no cause was found Many of the 30 men, however, probably Kad
stmular lesions, which were too small to leave a residual shadow., Unfortunately,
Mantoux tests were not performed

Cough

In large towns tn Great Bntain, a cough 1n an adult is such 2 common symptont
that littie notice 1s paid to 1t In these days, when smoking 1s so common, a
slight pharyngitis 1s not unusual, but pauents are quite willing to put dow.na
cough to the smoking of half a dozen cigarettes a day Others d'nﬂ'ercnualc
between * coughing ™ and *“ clearing of the throat **, and tht': questroning should
specifically include the latter Complete absence of cough is not very common
1n bronchogenic tuberculosts, though it does occur. In pulmonary tuberculosis
the cough has no diagnostic features, but some are suggesttve In thg early
stages, the cough 1s often of the emetic character at the time of rising, quite out
of praportion to its severity , wh t lous tracheo-b. 1§ present,
the cough has & spasmodicrquality, and 1 fibroid tuberculosis a hassh dry type
15 commort. B

As with other 1t1s the of a cough which persists,
or any increase of persisting cough without obvious cause, which 1s the tmportant
feature of the symptom b

Catarrhal nasal pharyngitis 1s one of the common causes of cough, u;:
diagnosis of this does not exclude tuberculosis It has been noted by 2 nmln[c;
of laryngol thata p post ] catarrh 15 not uncommonly aS;‘iCn; 4
with early pulmonary tuberculosis Whether this 1s a reflex phenos
undecided

Sputum .

The absence of mamfest sputum 1s by no means uncommon 10 gucll?,?el:z
tuberculosts, but actually the absence of any bronchal secretions Wi ‘to Jeach
the larynx 1s unusual, except with the smallest lesion and 1 haemy 8 o
© 2T L baan atasmad that 1f everv Dossible method of examination of

~nmatarim BONMIAHON Wds d3 Lupis ws o

Some patients, espectally children, hnd 1t HNpUsSsIVIE w &5
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ONSET OF DISEASE

has acrved at the larynx iato the mouth, and others, especially women, have
taught themselves not to do so. N

In active pull Y tuk losts the prod of large t of sputum
is usually associated with the presence of farsized cavities with thick walls,
ar else with tuberculous tracheo-bronchutis.
Chest pan

Pawn m the chest tn pulmonary tuberculosis 1s usually due to involvement of
the pleura, In acute pleurisy the pmn may be severe, but usually 1n parenchymal
diseasa 1t 1s more of a dull ache A spontaneous pneumothorax often produces
a sharp pam at 1s onset; ths, if daee to tuberculosis, should be regarded as
mdicating actwve disease in the pulmonary parenchyma

Whenever there 1s thickentag of the pleura, or when a pleural effuston 15 the
cause, a fecling of discomfort 1s more usually felt than actual pain,  Occanionally
a deep-seated ache 15 lamed of over a sub-apical lesion, and
will otten ehett this information even of the pam 15 not complained of.

Dyspnoea

Ths 1s ly p by 1 causes, but it may be present on
exertion in the early stages of the disease as a toxic phenomenon or one of
presumably reflex origin ~ Dyspnoea occurs acutely with rapidly formng pleurat
effuston and spontaneous pneumothorax. lts seventy vanes rather with the
rapidity of onset of these condrtions than with their magnnude In a more
chranic form the following are common causes

(1) Fibrosis and collapse of the lung, producing marked mediastinal displacement

(2) Lack of function of the lung, due to miliary tuberculosts, extensne lung
a

an physema foll the healing of Jesions, especially 1f these
are widely disserminated  Its severity cannot be corvelated with the radiographic
owing to the meffi of the latter in the diagnosis of diffuse

emphysema (Chustie, 1934). Dysprioea s of little value as a symptom
diagnosis, but very m of
Wheezing

This 1 an uncommon symptom and usuatly unstateral It occurs in tuberculous
teacheo-bronchitss, 18 inconstant, and is frequently noticed only when the patient
1sn bed  Jts importance hes m s common attribution to asthma,
Physical signs
Value and houtations

In the presence of sadiography, physical examinatson, as a method of dragnosis
of tuberculosis of the pulmonary parenchyma 15 obsolete

It has been sard ad nausearn, but it must be repeated, that fadure to find abrormal
physical signs 1 the chest, even by an expert, does not exclude the exstence of
pulmonary tuberculoys, any more than it does, say, a hammer-toe i the foot N
for 1n one case the hammer-toe 15 hedden by the shae, in the other the leston 15
hdden by the tissue around 1t

This does not mean that physical examimation ss valueless, for, although
adequate radiology reveals all that physical examination ¢an tell and much
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ONSET OF DISEASE

1n the male adult, the absence of vocal fremitus assists in the differential diagnosis
between a pleura!l effusion and a pneumothorax, and a feeling of resistance 15
charactensstic of a large eflusion

P 51 mame s am et 4 mab o am eana alancly

Percussion

finger 1s not marked by intervening Jung tissue. A fairly confident diagnosis
of flud 1n the pleura can often be made, and the best place in which to put the
explonng needle can often be discovered when the information from a standard
x-ray film 1s equivecal ~ Small areas of localized emphysema dimnish the value
of percussion 1 many cases.

Auscultation

Breath sounds —The methot by which the breath sounds are normally produced

LT e e T e M e A0ADY ca b a s e are o
the pleural membranes None of these processes 1s pecuhar to tuberculosss.
It1s only the of tubercul as d with other infe for the
upper zones of the lungs, which renders their discovery in any way diagnosuc of
tuberculosis. Hence the value of hes in the elucidation of patholozk

which are with and are most likely 19 te
caused by this mfection, owing to their position and distribution.  1n most cxwes
2n x-ray picture 1s a more accurate guide but, mn the diagnosis of patke'seizal
changes below the diaphragm level and behind the heart, the charz:'.::zz:d
relative intensity of the breath sounds may be most helpful.

Additional sounds —Added sounds are in 2 different category. At fremy
brouchography, the x-ray picture, even aided by careful screening, 1:';’; 1 f e
about what 15 happenmg i the bronchial tubes, although obsrxctos rey be
deduced and, by tomography, even demonstrated The modars c:cc:—;r;« i;
that all forms of riles are produced by moisture Becawse t2e ;-fgd;g—m' ¢
molsture 1n locahzed_gwups of bronchs, 1n the upper zones, i rmesg cc—r',cr?y

. - . e e

DELOW LNE CLAVICIE, ANLENOTLY -

- . - .

2 20t characteristic of
ef tuberculoss
N mowt ((Eevalier Jacksoe™

BIONLIL L€ TOLAILZEY, SO RELCLAIZEU SUUnUS VL IS Kind
tuberculosis  Logaltzed wheezing and rhonch: are g,
tracheo-bronchitis  Wheezing heard at the ope
sign) 1s a useful confirmation of the obstruction
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BR()NCHOGEN!C TUBERCULOSIS

Rales —The vatue of rales 85 evidence of actity of the lesion is not as. great
as 15 often thought The elicitation of fine Yocalize rles can & cousidered
as p(esumptwc evidence that the feston 1§ unhealed, put it must teceive confirma-
won by other methods 1n a case of pulmonary tuberculosis. however, the
finding of 1ocalized téles, 1n 20 area 1M which p(evmus\y there was 1o cvi(‘!ence
of disease, must be 124 nc cuggesting 2 spread of the diseasts and therefore
as evidence of acuv!

Pleural friction —" . L <tandier.
though screemng often shows diminunios ' 1
friction, therefore, will lead to 2 diagnosts of acute pleurssy e . Lo f
\;ndlo!oglca\ evidence, but unfonunately pleurisy often occurs in the absence of
miction

THE \NC!PIENT BRONCHOGEI*{!C LESION

Pefinitions
Much confusion has been caused bY the lax use of descnptive terms The terms
early, 10€iP! ent af nimat uberculosts, been use writers 88
more of 1ess synony! This 15 ObVE ty ¢ garly " ust refer 10
ume ; tH t can € Iy correctly 1be acute ymonic tuber-
culosts and a 1esto small be hardl drologically detectables ut he
former can b escribed as ™ mal whereas ¥ 15 ct descniption of the
atter « Mammal » refers extent of the disease as nothing 10 do witl
tume. properly Usets he term, cpents has s meaning 28 wearly s
but it 18 seldom pplied an extensiveé ! 1t 15 cleals therefores that withit
sts Tmitaty 5—* 1e shadow of shel density Jess thatt 05 atimetre €&
hard! definitely d1ag osed— ngle xTa¥ cwre Wil determine whethet
or not @ fesion 15 ™ 1, but 15 b nfallible whether Of
notit1s early- Only cO parison witha previous pormal fitm will determing ths.
‘When the lest blished, § progresst 1able in 2
few months, seral fil aken stud nts” lungs may sho® uccesswcly ‘normal
i \mal lesion & an xtenswcl 1n one €& 1 film,
goubtiul Test d ally shight fesion ¥ er
1n the UM s of AmE 1ca it has be own that, 1t Pt who wer!
found on xe—exam’manon after 1 yeAT 1o have developed P! imo v reulostss
advanced disease Was present 1n Negroes 3 umes a8 frcquently a8 in White patients:
Radio\ogica\ chamc(eris(ics
‘The study of nciptent jestons Das peen recently much larified 11 a paper by
Rersner (1948) e €O d amphifies previo pape Amberson
(1942) and Br ening { ) His figures 3¢ 250 cases (20 per cent
Negro 2 80 per €N it p:mems) he mater sisted of contacts o
cases of pulmona’ qubercutosis: o had M a 1 film * ay, bu m
who hadows, drag uberculous ppeared within ¥ hs, W
an average of nt! perculin tests W alable 1M only mail pmdpor—
tion, & nearly al} postiv when doné nd the (‘1 f cont llmi: :“
unhkel that cas prim Ty 1es100 ¢ nciude :
other sylmllar series, 2 caveat entere 1t can ed tha they Wer®



THE INCIPIENT BRONCHOGENIC LESION

radiologically early, but they may have been exacerbations of lestons which
were previously too small to be radiol Iy d ble Th lly, all
cases should have been recently Mantoux-negative, and should have a primary
complex and a subsequent post-prmaty lesion

Radiologically, the incipient fesion may be of several types (Figs 124 and 125}

(1) a soft, ill-defined shadow—the smudge type ;

{2) a cluster of more defimite nodules ;

(3) a round dense shadow, with well-defined edges ;

(4) an area of confluent lobular or massive pneumomnia.

These types are comparable with Rewsner’s classification

Resner (1948) pornts out that accurate classification 1s not easy. Subject to
this reservation, he found that the frequency of occurrence was as follows -
50 per cent were of the smudge type, 7 per cent nodular, and 11 per cent showed
both these types, 7 per cent showed round circumscribed, and 25 per ¢ent
pneumonic shadows 1n which cavities were common  Of the mimmal cases
about 75 per cent were of the smudge type. The relatwvely high proportion
of cases of the pneumonic type was due to mclusion of 60 Negro patients, in whom
1t was four tumes as common as 1n white patients

Position of the lesion

It used to be held that the early lesion first appeared at the apex and spread
downwards  Jaches and Wessler (1923) pointed out that early shadows did appear
1n the subclavicular region, but to Assman (1927) belongs the credit for pointing
out (hat the subclavicular region was the common situation  His work was on
cases with early symptoms, and the shadows he described were frequently quite
large These subclavicular shadows he called the * early infiltrate ™ (Figs 126-131).
Unfortunately, he and his followers thought that the apical shadows were of Iittle
chmcal sigmficance, which subsequently was proved 1o be incarrect

The situation of the shadows 15 1n the first or second interspace, usually towards
the penphery, and is actually 1 the posterior part of the subapical segment

In Resner’s series of 220 minimal early lesions, 20 per cent were supraclavicular,
53 per cent were subclavicular, 15 per cent showed lesions 1n bath these sitvations,
and 8 per cent showed lesions in the mid-zone, probably mainly in the apical
segment of the lower lobe (Ressner, 1948)

A stmifar proportion was found in the Prophit Tuberculosis Survey (1948d)
when deahing with 91 cases considered to be ** early ”.

Unft these rad PF seldom can be correlated with
the pathological conditions producing them, because post-mortem evidence
<an ?“'Y,bc‘ ob(:u:\‘ed by rare accident Hence the relationship between the

counterpart on the X-ray film. In addiuon, anatomically the exact localization
of a small focus in the correct pulmonary segment 15 often difficult,

From the limited post-mortem matenal available, 1t would seem that there are
many incipient lesions in both the apical and subapical areas, which radiology
docs not reveal
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BRONCHOGENIC TUBERCULOSIS

Rdles —The value of riles as evidence of activity of the lesion is not as great
as 1s often thought The elwitation of fine locahized riles can be constdered
as presumptive evidence that the leston 15 unealed, but it must receive confirma-
tion by other methods. In a case of pulmonary tuberculosis, however, the
finding of localized rales, 1n an area m which previously there was no ev:écnce
of disease, must be regarded as suggesting a spread of the disease, and therefore
as evidence of activity,

Pleural friction —The x-ray picture may show no abrormality in acute pleunsy,
though screemng often shows di of respiratory . Pleural
frction, therefore, will lead to a diagnosts of acute pleurisy in the absence of
;admlogmal evidence, but unfortunately pleurtsy often occurs in the absence of

riction

THE INCIPIENT BRONCHOGENIC LESION

Definitions ‘
Much confusion has been caused by the lax use of descriptive terms, The terms,
early, mciprent and muntmal tuberculosts, have been used by many wiiters as
more or less synonymous This 15 obviously incorrect * Early ¥ must refer to
ftime ; thus it can equally correctly be used to describe acute pneumonic tuber-
culosis and a lesion so small as to be hardly radrologically detectable; but the
former cannot be described as minimal whereas 1t 15 2 correct description of the
latter, “ Mummal " refers to the extent of the disease and has nothing to do with
ttme Propetly used, the term, inciptent, has the same meaning as * early ™,
but 1t is seldom applted to an extensive lesion, It is clear, therefore, that within
1ts hnutattons—a single shadow of shght density of less than 0 5 centimetre can
hardly be definttely diagnosed—a single x-ray picture will determine whether
or not a lesion ts nuamal, but 1s by no means infallible m deciding whether or
notitisearly QOnly comparison with a previous normal film will determine this.

When the leston 15 established, the rate of progression is vanable. In a
few months, serial films taken of students’ lungs may show successively a normal
film, a muntmal leston and an extensive leston 1n one case, and a normal film,
a doubtful lesion and an equaily slight leston 1a another.

In the Umted States of America 1t has been shown that, yn-paiients who were
found on re-examunatron after 1 year to have ped put
advanced disease was present 1 Negroes 3 times as frequen

y
tly as in white patients

Radiclogical characteristics .

The study of weipent lestons has been recently much clantfied in a paper by
Rensner (1948) He confirms and amplifics previous papers by Amberson
(1942) and Brauemng (1938) His figures are based on 250 cases (20 per cent

Negro and 80 per cent white patients) The materral w"ls‘sf[i?d of conl%ct: of
ulmonary tuberculosis, who had had a normal film x-ray, but 1n
o bR, d as d within 12 months, with

whom shadows, d pp
an average of 7 months  Tuberculin tests were avatlable i only a smail propor-
tion, but were nearly all posttive when done, and the degree of com?cl made :it
unhkely that many cases of prmary lesions were sncluded.  Even in this an

other sumlar series, a caveat must be entered. It can be agreed that they were
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THE INCIPIENT BRONCHOGENIC LESION

radioloprcally early, but they may have been exacerbations of lesions which
were previously too small to be radiol fly d ble. Th all
cases should have been recently Mantouxt-negative, and should have a primary
complex and a subsequent post-primary ‘lcsmn.

eral types (Figs 124 and 125) :

(3) a round dense shadow, with well-defined edges ;

(4) an area of confluent lobular or massive pneumonia

These types are comparable with Reisner’s classification

Reisner (1948) points out that accurate classification 1s not easy  Subject to
this reservation, he found that the frequency of occurrence was as follows
50 per cent were of the smudge type, 7 per cent nodular, and 11 per cent showed
both these types; 7 per cent showed round wircumsenbed, and 25 per cemt
pneumonic shadows 1n which cavities were common  Of the mimmal cases
about 75 per cent were of the smudge type The relathely high proportion
of cases of the pneumonic type was due to incluston of 60 Negro patients, 1n whom
1t was four times as common as 1n White patients
Position of the lesion

11 used to be held that the early lesion first appeared at the apex and spread
Ansuninede  Tanlas amd Whardos FIAON oz —a 3 & aibce Lton 4 w4
cases with early symptoms, and the shadows he described were frequently quite
farge. These subclavicular shadows he called the ** early infiltrate * (Figs 126~131)
Unfortunatefy, fie and hus followers thought that the apical shadows were of little
chimeal significance, which subsequently was proved to be incorrect

Thm s e el T X

the . . .

55 . -
an
segmient of the fower lobe (Retsner, 1948)
A simular proportion was found n the Prophit Tuberculosis Survey (1948d)
when dealing with 91 cases considered to be ** early ™,
U fy, these radiol, 1 seldom can be correlated with
the pathological conditions producing them, because post-mortem evidence
can (‘m)y)bc‘ ublax‘n‘ed by rare accdent Hence the relationship between the

isdity ncipient fesions 1 both the apical and subapical areas, which radiology
does not reveal
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1fale:«-Thc value of rles as evidence of actwvity of the lesion 1s not as Breat
as is often thought. The elicitation of fine localized rales can be considered
as presumptve evidence that the lesion is unhealed, but 1t must receive confirma-
tion by other methods In a case of pulmonary tuberculosss, however, the
ﬁndlpg of localized rles, 1n an area i which previously there w‘as no eviécncc
of disease, must be regarded as suggesting a spread of the disease, and therefore
as evtdence of activity. ’

Pleural friction —The x-ray picture may show no abnormabity in acute pleurisy,
though screening often shows di of respis y . Pleurai
friction, therefore, will lead to a diagnosis of acute pleunsy in the absence of
‘f_ﬂdl?lﬂglcz‘ evidence, but unfortunately pleurisy often oceurs in the absence of

riction.

THE INCIPIENT BRONCHOGENIC LESION

Definitions ‘
Much confusion has been caused by the lax use of descriptive terms, The terms,
early, incipient and minimal tuberculosis, have been used by many writers as
mote of less synonymous This 15 obviously 1ncorrect. *Eatly * must refer to
time , thus 1t can equally correctly be used to describe acute Ppneumonic tuber-
culosis and a lesion so small as to be hardly radiologically detectable; but the
former cannot be described as mmimal whereas 1t 1s a correct description of the
latter. ** Mimmal ** refers to the extent of the disease and has nothing to do with
time. Properly used, the term, mcipient, has the same meaming as “ eatly ”,
but 1t is seldom applied to an extensive lesion It is clear, therefore, that within
ats Iimitations—a single shadow of shight density of less than 05 centimetre can
hardly be definitely diagnosed—a single x-ray picture will determine whether
or not 2 lesion 15 mimmal, but 1s by no means infaliible in deciding whether or
notitisearly. Only companson with a previous normal film will determine this,

‘When the lesion 15 established, the rate of progression is vanable. In a
few months, senal films taken of students’ lungs may show successively a normal
film, a mimal lesion and an extepsive leston 1n one case, and a normal film,
a doubtful Jesion and an equally shght lesion 1n another

In the United States of America it has been shown that, in-patients who were
found on re-exarmination after 1 year to have ped pul berculosi
advanced disease was present 1n Negroes 3 times as frequently as in

y ¢
white patients

Radiological characteristics .

The study of cipient lesions has been recently much clarified in a paper by
Rensner (1948) He confirms and amplifies previous papers by Amberson
(1942) and Brauening (1938) His figures are based on 250 cases (20 per cent
Negro and 80 per cent white patients) The materal consisted of contacts of
cases of pulmonary tuberculoss, who had had a normal film x-ray, but in
whom shadows, g1 d as tub it pp d within 12 months, with
an average of 7 months  Tuberculin tests were available in only a small propor-
t10n, but were nearly all postive when done, and the degree of contact made it
unlikely that many cases of primaty lesions were cluded  Even in this and
other simular series, a caveat must be entered It can be agreed that they were
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radiologically early, but they may have been exacerbations of lesions which
were previously too smail to be rad lly d ble Tt lly, all
cases should have been recently Mantoux-negative, and should have a primary
complex and a subsequent post-primary lesion.

Radiologically, the inciprent lesion may be of several types (Figs 124 and 125):

(1) a soft, ill-defined shadow—the smudge type

{2) a cluster of more defimite nodules ,

(3) a round dense shadow, with well-defined edges;

(4) an area of confluent lobular or massive pneumonia

These types are comparable with Rersner’s classification

Resner (1948) points out that accurate classification is not easy. Subject to
this reservation, he found that the frequency of occurrence was as follows
50 per cent were of the smudge type, 7 per cent nodular, and 11 per cent showed
both these types, 7 per cent showed round circumscnbed, and 25 per cent
preumonic shadows i which cavities were common  Of the mmmal cases
about 75 per cent were of the smudge type The relatively high proportion
of cases of the pneumonic type was due to mclusion of 60 Negro patients, n whom
1t was follr times as common as 1n white pauents

Position of the lesion

It used to be held that the early lesion first appeared at the apex and spread
downwards  Jaches and Wessler (1923) pointed out that early shadows did appear
1n the subclavicular region, but to Assman (1927) belongs the credit for pointing
out that the subclavicular region was the comman Sttuatton  His work was on
cases with early symptoms, and the shadows he described were frequently quite
large. These subclavicular shadows he called the “ early infiltrate ™ (Figs 126-131)
Unfortunately, he and his followers thought that the apical shadows were of little
chimeal significance, which subsequently was proved to be mcorrect

The situation of the shadows 1s i the first or second interspace, usually towards
the periphery, and 1s actually 1n the postenior part of the subapical segment

In Retsnet’s serfes of 220 mimmal early lestons, 20 per cent were supraclavicular,
55 per cent were subclavicular, 15 per cent showed lesions 1n both these situations,
and 8 per cent showed fesions in the mid-zone, probably mainly in the apical
segment of the lower lobe (Reisner, 1943)

A similar proportion was found in the Prophit Tuberculosts Survey (1948d)
when dealing with 91 cases considered to be “ early ™',

Unf these radiol \| seldom can be correlated with
the pathological conditions producing them, because post-mortem ewidence
can t‘mly be obtained by rare acadent Hence the relationship between the

counterpart on the x-ray film  In addition, anatomucally the exact Jocalization
of a smail focus 1n the correct pulmonary segment Is often difficult,

From the hmited post-mortem matenal available, it would seem that there are
many incipient lesions 1a both the apical and subapical areas, which radiology
does not reveal,
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i A A

FiG 124 —Subclavicular nodular early infiltrate,
326 .



3 have seen ?
a €05 wth 2 qubere? ous
s s0f a\\\\cug\\ k\'\tt:\\

s Vs

ay ho¥ qu! Ady, 0N the Averags:

ssioie Y §
mc‘ucub\c 0] tc-cv\am\ e

12 ponts: and €960

es
seet cases 1 whuch & ghadoy s mppmt:d
S\mc\:w\cu
s

dat shadow appeat and
geurad offumot out
as 70 enenee



BRONC“OGENI

C TUBERCULOS\S

e
e .
L oY
L¥ i Fio 12 avic
Pl Jar eatly InfiLrates
" ’;;m\x ge " x{
4 1aBEd’ aken
o S ponihs " eviousl
show:d b
ahty.

(4
norM



ac LESION

T

type

1aken
yrousty shcw:é
2pnormatity

ap il
P A fo 12 __gupracdavi-
O g early ML
s . yp
sungram _KED 6
months previousty
: wed o 3

sh
Trormality




UBERCULOSIS

SRONCHOGENIC

6. 130 =Sur

culat mﬁ\\ra( ot

Jar tyP¢ Skiagtsl

Token 6 oonths, pre-
showed 70

o 13 Javiculas
hl\m\e. Cmudsc
) yer

yP‘
(nguS\Y

30



ORIGIN OF THE INCIPIENT LESION

Ressner found that, 1n pauents with mimmal disease processes only 20 per cent
admitted to any symptoms Abeles and Pmner (1941) and Bobrowitz and
Dworke (1946) found that most of thewr patients had had some symptoms ; both
these papers, however, dealt with patients 1n sanatoria, who had had plenty of
fime to think about themselves

1t seems probable that comparattvely few mimmat early lesions will cause
symptoms which would give the normal indiidual the shightest anxiety, and
thus send him to his doctor.

ORIGIN OF THE INCIPIENT LESION

‘The ongwal infection, the pnmary lesion, 1s now farly well understood In
recent years the early lung lesions have been studied extensively, with the result
that 1t 15 possible to gve a reasonably clear radiological description of them
They represent the beginming of the common form of progressive pulmonary
tuberculosts, calfed the * adult type™, post-pmary type, or ** phthisis ™, and the
spread 1s largely bronchogeme It differs from the primary lesion in that there 1s
Iittle glandular enlargement, and that, if there 15 enlargement, there 1s, as Pagel
(1948a) has emph 4, ly hitte ion ¢

Basically this form 1s the Jung reaction in the immunized mdividual, and its
localization to the lung 15 evidence of ressstance, both natural and acquired ;
but between the primary lesion and the icipient lesion there is a stage in which
theory wanders freely, hardly guided by established fact

It has been held that,f an infected individual reaches 30 years of age with a
normal x-ray film, it 1s unlikely that he will acquire pulmonary tuberculosis.
Reisner’s figures do not support this contention  He found that about 16 per
cent of his patients who were diagnosed as having early tuberculosis were over
30 years of age , his cases were not, however, an average sample of the average
age-groups of the population.

Other observers confirm that, at any rate, the percentage of cases of early
fesrons 1n middie-nged patients 1s by no means neghpible  Whether or not this
15 connected with the postponement of primary 1nfection til adult hfe, which ss
occurring 1n the United States of America, 15 not settled

On the other hand 1t must be emphasized that this finding does not apply to
minimal tuberculosis leading to active disease

Chang (1948) has studied 164 cases of munimal disease seen n a sanatortum
The proportion of patients who were found 1o have active disease was twice as
great in those under 38 years of age as in older age-proups. A considerable
proportion of cases classified as * active ™ in the over-38 group were put into the
category only as the result of the recovery of tubercle bacilli from sputum and
gastnic-lavage contents, confirmed by cultures or gunea-pig moculation; no
other evidence of activity was discovered .

Methods of production
There ate three possible methods by which bronchogenic tuberculosis may be
} end bati fecti

started (1 ) (2) exogenous and (3)
exogenous reinfection,
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BRONCHOGENIC TUBERCULGSIS

Exogenous refnfection

may be d bnefly. The term imphes that the
previous infection has healed to such an extent that no hving tubercle bacills
remain, and hence that the body 1s no longer allergic to the tubercle bactlius,
as shown by the re-conversion of the Mantoux reaction to negative  In fact,
there 15 agam vigm sor), although this latter statement is hot quite correct ;
there 15 some evidence that acquired i ity is produced more quickly by the
remnfection thap by the imtial mfection. A new primary snfection 15 produced,
which behaves 1n the same way as the onginal infection  Any bronchogenic
tuberculosis which may result will be produced in the same way as st was by the
primary infection and its endogenous exacerbation

Both from the climcal and the pathological point of view it is smpossible to
differentiate between this and the other methods of production of bronchogenic
disease, and its epidemiological implications are similar. fts occurrence seems
to be vanable.

Lloyd and MacPherson (1933) found about 3 per cent of reconversion in 300
healthy children ding for 2 years at Brompton Hospital, but (according to 2
personal communication by MacPherson) recently the percentage has been fower
1In the Unsted States, however, papers have been published showsng a reconversion
rate of over 2-3 per cent per annum, and over 10 per cent in varymng periods
(Rich, 1944b) In the Prophit Tuberculosss Survey (1948b) it was found that
5 per cent of the non-contacts (students and nurses) reconverted within | year,
whereas re-conversion only occurred 1n 1 5 per cent of contact cases.  As yet no
invesugation has been published which shows the effect of reinfection on these
re-converted cases )

Alhough the & between i and 1s important
theorencally, practically st ss not so The chance that the fungs of a pahtﬂf
- T 7% f=m o« eneaaenusd by radiglogical evidence,

t 15 not helpful—

rewatection, must
be used to cover exogenous supertnfection ; thys is done by many authors, In
the present section the term, exogenous supeninfection, 18 used to cover possible
rernfection lesions which are not proved to be reinfections

P

E“'g‘:'“““s superinfection w fnc fman kath debated. Un-
-d

ly

ts ot 1 piaries M
-t~ Rava recepved @ pImary
1 Jarger number
case in contact
dren who have

\:‘:cexved' by human subjects. The prots

with them .Agam, there 1s nearly UMVersal JgreeBIuiIL tiu s v
recewved a primary infection ace less Ukely to develop progressive tuberculosis

has been
i from further contact with an mfectious case. It ¢
e ot en the primary infection

claimed that, because a long nterval often occurs bcl\\:‘ §
{which, indeed, results 1 an ly p fly sterile focus)
m




QRIGIN OF THE INCIPIENT LESION

ind the onset of progressive ion 15 hkely
o be a common cause of the latter. The argument seems fallacious because,
f the Mantoux reaction 1s positive, hving tubercle bacilh must stilt be present in
he body, and, even if the primary focus and gland do not contain hving bacilly,
here may be plenty in daughter foc1 elsewhere,

Malmros and Hedvall (1940) point out that, out of 79 pnimanly infected medical
tudents and nurses, 22 per-cent developed post-primary lesions, but that out of
12 similarly infected non-medical students only 3 per cent developed post-primary
£510N5

Simular results are recorded by Madsen, Holm and Jansen (1942)

The authors of the Propht Tuberculosis Survey (1948c) pomnt out that the
proportion of re-conversion of the Mantoux reaction 15 much higher 1 subjects
who are not known to be subsequently exposed to infection This indcates,
at any rate, that tubercle bacitl are deposited n the body subsequent to the
pumary focus, and that they do, at all events, have a defimte effect 1n producing
an allergic condition This finding provides an answer to the contentions of
Lange (1934)

The work of Lange, who contended that the size of the bronchioles preclnded
the likelthood that a sigmificant number of tubercle bacills would reach them,
has often been quoted against the importance of exogenous superinfection

Ruch (1944) has also pointed out that Lange has underestimated the number of
bacilli which can be carried by a particle of sputum small enough to penetrate to
the terrmnal bronchiole  This 1s of great lmpormnce for the number which settle
at one point 1nf} the rate of ammal  Morbid
anatormsts, especiaiy Paget {(1935), have pmduccd much matenal agamst the
theory of supennfection but Paget himself has found that small doses of bacilli,
repeated at short mtervals, have an important effect  The level of resistance 1n (h:
nofrmal individual varies from time to time 1n a way not obvious 1n the amimal
expenments

Plunkett and Mikol (1940) reported that, 10 an institution for the feeble-minded,
1,059 patients were found to be Mantoux positive, but to be free from active
pulmonary tuberculosis  OF these, 826 were Iooked after 1n wards in which no
open case of tuberculosis resided, but for administrative reasons the other 243
were treated in wards i which there were open cases  During the subsequent
3 years no case of active tuberculosis occurred among the 826, whereas no less
than 10 were found among the 248 patients who were 1n contact with open cases
of tuberculogsis

The balance of evidence seems to ndicate that etogenous supermfection
certainly does take place, but 1t fan!s to determine the extent of the part which it
plays in the of b When the number of
bacill imhated 1nto the bronchu is large and the doses are veey frequently repeated,
this method 1s certatnly 1mportant ¢ It 1s also possible that other favourable
factors are necessary  for example, that the normal resistance is, for some reason,
temporanly depressed ' With so much doubt as to the importance of endogenous
and apical 1nfection, 1t 1s futile to speculate on the exact tramn of events by which
the incipient lesion develops from this cause  After bronchogenic tubereulosis
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has developed and tubercle bacilli are normall j, 3t i
ly present in the bronchi,
difficult to think that a few more or less will normally have any effect. el

Endogenous exacerbation

Thcxe are a numchr 0flways by which a primary infection may lead to the
lesion of tuberculosts, but they must fall under two

hemrimgs
(1) The direct effect of the primary lesion  this need not be immediate  the
primary lesion may remarn latent, with tubercle bacilli in both the lung and gland
component for many years,
(2) The effect of past-primary lesions, produced by the primary lesion during
the time of its activity,

Effect of the primary lesion
The importance of the direct effect of the primary lesion has been emphasized

.

during recent years. Scandinavian authors and, more recently, Swiss authorities

have produced incontrovertible evidence that, in young adults at any rate, pro-
gressive pnimary tuberculosis does_occur  Reading the lteratuse, 1t s Very
difficult to reconcile the reports of 1ts importance by the highest authorities in
Scandinavia with those by equally reputable workers in the Umited States and
Great Britam

The subject 15 dealt wath more fully 1n the section on “ primary tuberculosis ™.
It 15 difficult to avoid the concluston that the percentage of cases 1n which the
disease commonly takes one form or another 1s different in different countries,
presumably as the result of variation of native ressstance or in the age at which
primary infection commonly takes place

If bronchogeme tuberculosis anises as the direct effect of the primary lesion,
1t may do so erther (1) from a recent primary lesion or (1} from a primary lesion
which has healed j ly but in which ty has taken place at a later
date
Around the primary lung focus small areas of nfiltration are sometimes found,
These are adjacent to, but not part of, the primary focus ; presumably these
areas are produced by lymphatic (or possibly by bronchogenic) spread,  Apart
from a possible bearing on progressive primary tuberculosss, jt xs‘unhkely thn!.they
play an unportant part in prod bronch fosis. It 15 claimed
that there s no predilection by the primary focus, for localization jn the upper
{zone of the lung, which 15 characterstic of bronchogenic fesions (Fig (32}

In cases in which disseminated Jesions 1n other parts of the body are found
immediately following the primary lesion, other lesions have been found 1n the
tnnes which are not part of the primary focus  They probably come from the
) © - Paget (1935} has pro-

njected 1nto guinea-pigs,

{tubercle bacilli can be obtatned fa about 2 pe1 ceis w these apparently healed

t glandular lesions can become reactivated 15 undoubted It is
By and produce progressive disease by

lesions
tial wall, especially sn ofd age. A

well known that glands may break down
discharging their contents through the brone!
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Fig. 132 ~Primary
focus m a_young

ux
negative n May 1949,
positive August 1949
Erythema nodosum
Juiy 1949 at the time
when this film was
taken

typical example 1s a girl aged 22 years who had anacute tuberculous eflusion.
This subsided under treatment. After treatment she rematned perfectly well
for some years, with 2 radiograph which showed no abnormality except shight
plevralthickening  She then began to suffer from a cough and unilateral wheezing
Bronchoscopy showed a gland which was bemng extruded into the bronchus.
When under for this she a bone leston

However, the commonest method of spread from this source must be by
haematogenous dissemmnation into the lung  The recrudescence of an apparently
healed primary pulmonary focus 1s by no means so clearly proved, but 1t certamnly
may occur 1n exceptional aircumstances  In a giel aged 18 years, a typical lung
abscess developed following tonsilectomy A httle later, tubercle bacilli were
found in the sputum Re-scrutiny of an early film showed that in this area
there was an undoubted pamary focus  Later films showed that the caleified
area had disappeared.
The effect of post-primary lesions

There 1s plenty of evidence that, dunng the time of actrvity of the primary

complex, dissemunation may take place into the lungs  This 1s normally produced
Tr o o Mo, PR S

the lesions by their appearance occasionally in batches and by therr existence 1n
such other organs as the spleen  When these post-pnmary deposits occur in
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the fungs they are found most frequen
o ks ey are found m: ‘g‘eb&y ]1: ;);e upper zone. They nsuil}y heal
Tiving tubercle bacilli may be recovered from them - e

There are at least three types of post-primary deposits,

(D) Plewral caps and apical scars—In many indwviduals areas of apparent
pleural th ing can be d radiologically and pathologically, These
are often associated with fibrotie scars underlyimg them. In some th:x;e 15 un-
doubted evidence of tuberculous lesions, usually calufied and healed. If these
are present the tuberculous orgm of the pleurat cap is undoubted  In others
the tuberculous actiofogy 1s not proved pathologically and they may be due to
non-specific fibrosis,  But some of these caps may still be tubercuious, for some

b lous lestons heal so D! that the ch istic picture of tubercul
disappears  This is well shown 1n chromic haematogenous dissemination in
childsen, n which foct 1 all stages of healing may occur ; 11 some of these foci
there 15 no pathological proof of their tubereulous origin, whereas on cliical
grounds the ongn 13 undoubted

The healing in pleural caps and apical scars 15 so sound that there 15 little
evidence that this factor plays much part 1n the production of the ncipient lesion

(2) Smal} encapsulated caseanons.—There are often small encapsulated caseous
areas In children they frequently calaify (Sunon’s_foci), but they may often
be shown to contain tubercle bacitlc -

(3) Large encapsulated foc: —In other cases much larger foct are found  They
are encapsulated and contain caseous materiai, and tubercle bacills are often

present.
Passible effects of disseminated lesions -

There are two possible effects which may result from these disseminated lesions
if they are awakened from their [atent state  They can turn 1ato active lestons
and become mamifest incipient faci of disease on their own ; alterpatively, they
may break down and, while failing, owing to thewr small size, to produce radso-
graphc endence of change, they may dicharge tuberculaus material into a
branchus and give nse to sub-cl. [ar infil y bronch spread.

The incipent lession of bronchogeme tuberculosis may then possibly arise
1n g vanety of ways, but which of these are the common methods 1t is impossible
tosay Pagel (1948b) has tried to do so on the basis of some 30 cases, m which,
for one reason or another, autopsy was possible whife the tuberculous lesions
were appacently 1 the early stages, bot, as he pomts out, it is unjustifiable to
draw very defimte conclusions Ye does seem 10 show 1hat, apasn from cases
which followed a progressive pnimary lesion, the exacerbation and direct pro-
gresston of a post-primaty lesion, or of a bronchogenic seeding from a simifar
small focus, are common methods by which the maipient lesion of bronchogenic

b

tuberculosis develops
DEVELOPMENT OF THE INCIPIENT LESION

The minimal Jesion
The process of development 18 best studled m the munmmal lesion.
In the diagnostic standards of the National Tuberculosis Association of the
336



DEVELOPMENT OF THE INCIPIENT LEStON

Unted States of Amenica, * muntmal tuberculasss ™ 1s defined as slight infiltration
without demonstrable cavitation, the total volume of which shall not exceed the
equivalent of lung tissue which lies above the second chondro-sternal yunction
and the body of the fifth thoracic vertebra on one side.

This defimuion includes pnmary and post-primary lestons An mportant
paper by Medlar (1943) based on over 1,000 autopsies, discussed these with relation
to the primary complex  He shows that, whereas in children the primary focus
may appear anywhere in the lungs, 1n adults the pnmary lesion occurs in the
upper zone 1n a high proportion of cases  His work is open to objection, fot he
assumes that, because he could fiot, after the most careful 1nvestigation, find any
evidence of tuberculosss elsewhere, the lesion was pamary ; reports on Mantoux
tests were not available so the weight of evidence which he produces 1s diminished
by this omission

Medlow’s work adds force to the contention that, unless a primary focus can

d, the radi 1 d between a primary and a small
remnfected lesion 1s very difficult.  Thus any senes of mimmal lesions must often
nclude primary and post-primary lesions

The radiological appearances of mimmal lesions, according to the authors
of the Prophit Tuberculosts Survey (1948d) who examined 154 cases, merged
so much into each other that they felt that 1t would be musleading to give the
Tespective percentage of nodutar and smudge types ; but the percentages of the
vanous positions of the lesion were roughly the same in the munimal and the
apparently early lesions  (The Prophit mummal cases were smaller in extent
than the United States definition allows )

Brooks’ (1944) findings 1n the study of half a million apparently healthy naval
personnel are very important  In all, 3,000 cases (05 per cent of the total)
showing a menimal * adult type of lesions were found, after full 1nvestiga-
tion, 16 per cent were considered to be active, 21 per cent to be of healed disease,
and 63 per cent were doubtful Of these doubtful cases 1n over 10 per cent
activity had developed withun 1 year ; that 15 to say that nearly 25 per cent of the
3,000 cases showed frankly progressive disease within 1 year

Modes of development

In the development of the early lesion when 1t 1s stll munmal, there are three
possibilities

(1) Progression —Progression of the disease may occur erther rapidly with or

. resolution
' - - . 4+ we suStation has
occurred It 15 2 commonplace finding that caleified spots may appear 1n areas
where no evidence of disease has been visble 10 earber films; hence coroplete
radiological disappearance does not imply complete pathological resolution.
Retrogression may also take place by fibrosis or calofication ; usually there
1S a combmation of the three, Only complete sterthzation of the lesion pre-
cludes reactivation

(3) Stahihization —No change takes place, at any rate dunng the pertod of
obnervation
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FIG 133 —Subclavicular
infilirate  with early
cavitation  Film 6
months previously
showed no abnor-
matity

for

Reisner {1948) found, 1n periods of observation of minimal cases averaging
3} years (mtmmum 1 year), that out of 206 white patients not treated by collapse
or with antibiotics, 50 per cent of cases sho“ed frank progresston and 25 per cent
shight progression , 28 per cent d
No difference was observed between the different radological appearances and
anatomucal situations,  In 50 per cent of frankly progresstve cases the progression
took place within 2 years, but progression was still occurring n some cases at the
end of 5 years, when the observation ceased. Retrogresston in some degree took
place 1n 20 per cent of cases, but i only half the number did this lead to eventual

No 1n the p of frankly progressive cases was
apparent 1 patients over or under 25 years of age  Reisner’s conclusion is that
the percentage of early minimat cases which stabilize themseltves is too low to
permit of anything but immediate adequate treatment, /

Stmular results were found by the authors of the Prophit Tuberculosis Survey
and of other 1nvestigations, except that they considered that frank progression
took place more frequently 1n sub-clavicular than in apical lesions.

A reasonable conclusion 1s that most, If not afl, early minmmal cases require
treatment In mumimal cases in patients of doubtful age, deﬁm!e)y active cases
must be treated, whereas in the remander very careful observation is the happy
medium between unnecessary treatment of many patients and undue optrmism.
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PROGRESS AFTER THE INCIPIENT PHASE
Every bronchogenic tuberculous leston m the lungs 15 made up of one or more
of the following pathologml ingredients .
(1) Perifocal 2 (3) cav , (4) fibrosis, (5) tracheo-| -
bronchitis of the draining broncht

Factors affecting progress
On the proportton at any time of the ingredients dcpcnds the progress of the
dlsease, but they nced not and frcquenlly do nol remam constant , variations
+ be termed
. wgredients ;
. . + individual
This vanation both of type and progress 1s difficult to understand, unless there
1s @ local difference of hypersensitivity or unless chance (actors permit multsplica-~
tion of the bacill: at dfferent rates and 1n different areas; hence an increased
concentration of bacilli may be present from time to time in any one area without
a stmular increase in another
The whole course of progress of the lesion 1s governed by the Koch phenomena.
In the sensmzed subjecl “the area where the Iésion ewsts 1s sacrificed, 1f necessary,
1n the mterests of the whole body Around |he (ubcrc!c |7£|CI|1I an inflammatory
reaction takes place, resulting in
15 then made to the exterior and the caseous malcml 15 ex\rudcd \ogelher with the
main mass of tubercle bacul
The first four of the s1x factors mentioned above are, of course, common to all
ussues attacked by tuberculosis, and it 1s only necessary to discuss the chinical
leatures pecuhar to the lungs; but the eustence of bronchogenic spreads and
bronchial tuberculosis produces special features which are peculiar to pulmonary
tubefcutosis
‘When the tuberculous matenal reaches the bronchi but fails to_be evacuated,
1t 1s aspirated into a bronchial segment, which may or may not have been the seat
of previous tuberculous inflammation (Figs 134-135) On the face of 1t, 1t would
seem less likely that the aspiration takes place as easly into severely damaged areas,
asit wouldinto less damaged areas ; a functionally intact area would be more hikely
to aspirate such material, owing to its unimpaired elasticity but, on the other hand,
the same factors would lead to a decrease in the probability of evacuation of the
pus if it once became implanted  This would not apply to markedly dilated
broncht, from these, Lipiodol s usually quickly cleated in bronchograms  An
attempt has been made by Young and Ganz (1941) to determ:ne whether Lipiodol
which had reached the alveol: was hikely to remain tn areas that had been the
seat of previous damage, but the authors of the paper were unable to convince
themselves that this was a fact
Any imparment.of.the_scavenging action_which keeps’ the bronch: clear 1s
mportant n allowing spreads of disease ; lhert s Imtle doubt, for nstance,
that after th there is a pred; for ion spread into areas
which haie been peeviously dameged  An wepontant factor is the concen-
tration of bacilli in the aspirated material ; 1t 1s weli known that a refatively
benign result often follows aspiration of blood containing tubercle bacith after
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Fig 136 —Caseous
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PROGRESS AFTER THE INCIPIENT PHASE .

which have not had much contact with tuberculosis _iﬂf_gl‘xrcr‘gggerauons (for
example, American Indians, or Negroes), and 15 commoner below the age of
30 years Pinner (1945) has used the expression * prumtive ™ for these com-
muntties. In these cases the downward progress of the disease may be uninter-
rupted, and 1t may be fatal within 6 months or less—* galloping consumption .
Extensive cavitation will develop 1f the progress is less rapid, but in typical cases
the amount of sputum and number of tubercle bacilly are small

This, however, 1s not the invarable picture; 1n older patients, who have.
carried chromic tuberculosis more or less successfully for many years, this type
of disease may be superadded The typical sequence is progressive cavitation
a1 a diseased area and asprration from thes with lobar involvement ; alternatively,
1n 3 sumilar type of case and 1n children, ulceration of a caseous gland through
the bronchus gives rise to a similar pattern of disease  In the old-age group the
oniginal, more or less non-progressive leston presumably mdicated a hugh resistance;
thus the occurrence of tuberculous pneumonia, typical of a poor resistance,
in the same individual fMustrates the difficulty which confronts anyone in trying
to explain the phenomenon of resistance

The prognosis of the pure type wsed to be bad, but newer methods of
treatment have altered this, at least temporaniy ; though whether the resolution
of disease which follows the use of streptomycin will produce a permanent effect
1s not yet known  In older age-groups it does not seem hkely that the resulting
wmprovermnent will be more than temporary  If clearing does take plice, 1t must
be the.perifocal mflammation which clears away, for the caseated areas represent
destroyed lung and must therefore be sfowly replaced by fibrous tissue

In the younger individuals the permanent damage may be less, but unless the
cause of the appearance of this type 1n the indrvidual case 1s an overwhelming
dose of baculli, the usual basic factor, lack of resistance, seems likely to persist,
and a bad prognosis remains hkely

Caseous pneumonia with cavitation

flf the caseous pneumonna is acute, hittle cavitation will take place because
of the time factor, but if the patient survives long enough, excavation will take
place. The fact that it does so indicates that the orgamism has been able to
mobilize some defence In these circumstances the cavities are of the wall-less
type—mere_holes in the lung. The clincal picture now changes, the lung
begins to get rid of the caseous material, hence the toxic symptoms tend (o become
less and the temperature falls At the same trme the character of the latter tends
to change, the sustaned high temperature becomes replaced by a mtorming
remussion or mtermisston  The sputum becomes much more plentiful and now
contains tubercle bacill in larpe numbers  Unfortunately, howeser, the combi-
nation of large amounts of bacilliparous sputum and the lack of ability of
lung resistance to deal withif, when aspirated into other areas, usually leads (o
bronchogenic spread.  Oceasionally, if sufficient material is discharged without
spread, the defensive mechanism seems to pich up strength, 1f so the rapid
breahdown of lung tissue 15 stayed ; fibrous tissues begin to appear n the cavity
walls and the lung leston 1s replaced by dense fibrosis with cavities  This leads
tomarked shrinkage The process may continue ; 1 this type of disease tuberculous
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bronchitis is common, and as fibrosis continues in the lung a simila
oceurs in the broncht, bronchial ooclusion, Ieading to cavity closure,
place, but 1t 15 not often that the process 15 complete ; a shrunken
with thick-walled unhealed cavities 1s the most likely result,

Up to this stage collapse therapy, especially pneumothorax, is contra
but if the favourable trend continues the next stage 1s produced. 1t is
collapse therapy finds its real place.

Bronchogenic tubereulosis with fibrosiy and cavitation

This 13 the common adult type of disease, As indicated above, it mz
fram preumonic or caseous tubercuiosss, dut 1t usually follows on the
catly lesion  The resistance of the patient and the invasive power of 1
are evenly matched, and the battle sways backwards and forward:
fortunes are in the patient’s favour, few caseous areas break down and (
is slight , the patient may go on for many years with a positive sputu
15 examined), but with moderate health If things are less favoural
cavitation takes pface and bronchogenic spreads occur

The favourable type was well Hustrated during World War 1. A n
tddie-aged men who, because of sub-standard health, had dnfted v
Jobs and mstinctively fed a quiet Iife outside business hours, were calfed
wark much harder because their colleagues were called up, and to u
Home Guard and fire-watching duties  This tipped the scales against ¢
progresswve tuberculosss followed  In Jate middie age the body resistan
to deteriorate and a latent lesion becomes progressive  In these cases
of tut | p ia are Owing to previous shrnkag
lung and to the comparative shight degree of toxaemia, these areas ¢
thought to be collapsed, but the pneumanial element s much greater a
smportant than the collapse

The predilection of this type of disease far the upper zones and the
fibrotic element lead to an apical nugration of the diseased areas and ¢
ponding compensatory emphysema in the fower zones The less healt
are commonly below the more healed areas, which occupy the apices

A minor but interesting point 15 that the mote symmetricat the dist
of the radiological shadows, the better 1s the prognosts, T}us symme(\:nc‘
cavernous disease 1$ not y noticed By the 0 winT ey
out routine sereening, prior to examnation with a bismuth meal, und
for gastric symptoms

¥ibro-caseous tuberenlosis

and 10 many cases when MOl FESIStaiLe 18 1ntilu sue v .
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latent. This change is responsible 1n many cases for the so-called “ pen "
process of the discase  An apparently quiescent lesion begins 1o Zicvcd:}::‘ to
syimptosns and the x-ray shadow becomes a fittle Tess clear cut and larger, Very
often the appearances are only shghly changed, and they mve rise to much
controversy 1 deaiding whether the change 5s real or 55 due only 10 & minor
difference 1n techmque A few weeks’ rest settles things down, but recurrence
tends to occur When the condition 15 recognized coflapse therapy should be
undertaken, for permanent arrest will seldom be achieved without jt,

Fibroid tuberculosis

If the condition 1s truly fibrous ¢ implies that the tubsreulosss is healed, but in
the process of healing the tuberculosis may produce 50 much fibrous fissue,
with assactated areas of collapse, that great disabifity may occur.  On the other
fxand there may be only a few puckered scars which are of no climeat significance.

dramage, but in the l]owcr and middle lobes xfmay give tise to much ill health
(Figs 139 and 140}

TUBERCULOUS TRACHEOQ-BRONCHITIS
Early in the nineteen-thirhies 1t began to be realized that tuberculosis of the
bronchi was a telatively common condition, and further experience has shown
that 1t plays an important part s the development of the discase. The work
of Caryllos (1933) and of Eloesser (1934) was of outstanding importance It is
rather strange that mote stress was not 1awd on us presence by the morbid anaro-
mists after Koch's discovery of the tubercle bacillus  Many observers, whose
expertence extends back to the penod followmng World War I and to the ime
when radidlogy of tuberculosis of the Tungs first came into its own, have been
struck by the apparent increase in cases showing bhath cfimical indication of the
condition and yadiological evidence of its presence, as shown by, coltapse_and..

tensson caviiies It 15 possible that this ts another example of the change in the

type of disease. . i

The method by which tracheo-bronchitis s produceq is not yet d?cxdcd.
Certamnly 1t 1 commoner 1 cases in which cavittes exist i canncxion with the
Itis

affected bronchus, but there are many cases in which no eavity 18 present
1 Jesions exist, probably in connexon

passible to d that mamy subn
with lymphatc channels These need not be continuous, often there are
interruptions in which the lymphatic vessels and 1 areas are normal

= HaT e cmann anuarme thece trbeteulous

et common

lesions .

{factor g + ther hand
WL SEARIALON (5 STttty wies cae EhE neigh-

"its predifection for areas wiere $put et s
bourhood of cavities, makes 1t hikely that cndobrongh:al implantation is also an

ymporttant factor 3 . .

Because defimte dugnosis in life depends on bronchdscopy, the importance

of the presence of Jesions in the broncht within bronchoscopic vision has been
36 Lo
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BRONCHOGENIC TUBLRCULOSIS

stressed, whereas actually its more common presence in the sn i
plays a very mportant though less obtrusive pi{;t. © smalle branci
If the obstruction is m a lobar or mam bronchus a large area of lung will be
affected, hence tracheg-brgmchms cansing obstruction is always of great
mmediate tmportance if W{thxn bronchoscopic vision, whereas if the lesion is
1 the penqhery of the fung it may only produce the effects of the non-ohstructive
vatiety, owing to the small area of lung which is afected,
Nouab ive trachea-bronchiti .

There arz hardly any symptoms connected with this unless it occurs in a Jarge
or man bronchus  If it 15 1 the latter a troublesome 1reitating cough may be
preseny, frequently with a considerable amount of sputum ; this may interfere
with the patieat’s rest.  The cough may be of the * incomplete  type, aithough
this 15 more apt to occur when obstructson is present  The patient has bouts of
coughmg of a spasmodic type, which are very exhausting ; hefore the sputym
18 brought up, exhaustion and shortiess of breath lead to the cessation of the
cough , following the cough there 15 & high negative pressure in the bronehy,
and so the sputum which the cough hay dislodged into the larger bronchi 15
sucked back mnto new areas, and spread s Ukely. Often the condition produces
tubercle baciili in the sputum, and this may lead to duficulty, Occasionally
{a persistent or intermuttent positive sputum 13 found in the apparent absence
‘of an adequate cause in the Jung ¥ even after 12di0% 1
exatmnation  This 18 strongly suggestive of tracheo-bronchitis as a cause In
fact, a presumptive diagnosts can be made on this finding alone, ahhough
other causes may be the pre-obstructive stage of the extrusion of a bronchia!
ptand wnto the bronchus, or a tuberculous farynx. , -

This statement, of course, does not 1mply that the condition is primary, There
1 always a lung leston, but 1t may be $o small that 1t is undetected or easily missed.

If wisible branch My, the tracheo-bronchual lesion varies from a shght
localized veddemng of the mucosa to an actual ulcer, with localized swelling and
congestion as intermediate stages 1t 15 the small localized reddened areas which
have led to the dwersity of the reports on the frequency of the occarrence of
tubercufous tracheo-bronchmis ; some obeervers make 2 positive diagnosis on
all of these, whereas others demand at feast some g\ve((lng (Z:for: considenng
the diagnosis to be definite.  Nox uctive tracheo-bro) hitis may give nse
to & shightly uregular but the er Y d rate often
remains completely normal  This s a vseful diagnostic pointer,
Obstructive frachea-brouchitis

Three important effects may be produced by this form of disease (1) anter-
ference with 1be aeratton of the area distal 103t ; (2) 1ntesference with bronchal
drainage , (3) 2n effect on the mobility of the bronchial watls.

Interference with aeration .
On the bass of the fact that the h ! and widens ot inspirati
and that the reverse takes place on expiration, 1t s thought that obstructive
emphysema 1s the normal sesuit of obstruction, but this supposttion faifs to take
mta sufficient account two points ¢ (1) the clogmng effects of the presence of
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TUBERCULOUS TRACHEO-BRONCHITIS

FiG. 143 —Collapsed
upper lobe With
cavity under
pncumothorat At
bronchoscopy _the
bronchus was nearly

occluded, and S
ears later the lobe
sz shrunk behind
the heart and the
cavity had closed

a ngh negative pressure as a result of bronchial blockage , they disappear when
aeration re-occurs, or more gradually if lung shtinkage hecomes permanent.

(7) The presence of a.** wheeze ™. This 1s the most charactenistic symptom of
tuberculous tracheo-bronchitis It 1s, of course, not confined to these cascs,
but a localized wheeze, felt and heard by lhe pauent and by the observer in a
jcase of Y 18 pr ally d T 1s often most obvious
to the patient when he 1s lying down and 1n a parucular position It may cease
when a blob of sputum is coughed up, but 1t soon reappears  Frequently, of course,
the condition 1s diagnosed as asthma but its focalization should obsrate this

7

Interference with bronchial dramage

Such interference produces the following results

(1) Marked and repeated changes both in the quantity and the quality of the
sputum,

(2) The appearance of fluid levels 1n the cavities, and complete fitling of cavities
leading to tnspassation of them

(3) Sudden disappearance and reappearance of large numbers of tubercle
baail 1 the sputum

(J) Toxic phenomena assocmed unh spulum r:lcnuon Considerable evidence

R SUNQUN R R DRl B



BRONCHOGENIC TUBERCULOSIS

Fic 144 —Eputubercu-
losis  There s col-
lapse of the pectoral
segment of the upper
lobe with an nflam-
matory reaction
around 1t. This
had practically dis-
appeared 10 weeks
later.
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CHAPTER 14

PLEURAL TUBERCULOSIS
F. H. Young

AETIOLOGY

In Vitw of the anatomical relationship between the Iungs and the pleura, 1t would
be surprising if pleural involvement were not common n pulmonary tuberculosis
The confirmation of this probability is found n the relative frequency with which
pleural adhesions are found when an artificial preumothorax 1s attempted. Even
when adhesions are not found between the panetal and visceral pleurae, it 15
common to find 1nterlobar symﬂxysxs

Secondary tuberculous pleurisy
For practical purposes 1t may be nssumcd that (ubcrculous pltunsy‘ espccmlly
with effusion, 1s secondary to sub-p! T to
of adjacent structures  This docs not mply that (h:re must bc an actual com-
between a sub-pl focusand the pleural cavity, for the .
sub-pleural lymphatic_vessels dmm distally towards the pleura "Expenimentally,

tubercle bacilli introduced into the pleura of experimental animals can produce
a pleural effusion , 1f the ammal has had no expenience of tuberculosis the number] -
must be Jarge, but 1 1t 15 sensitized the number required 1s relatively small

Because the hypersensitivity of the naturally infected human being s often
much higher than can be produced in the expenimental ammal, 1t 15 easy to see
how a large outpouning of flurd may follow the introduction of a small number of
bacilli into the pleural cavity, whether from the lung or elsewhere Ruch (1944)
states that he 1s unable to find in the literature any instance 1n which intravascular
myection of tubercle bacilli has produced a pleural effusion directly, but sparse
mihary pleural tubercles are common, and it may be that the greater hypersensi-
twity i the human subject may alter this  If so, a haematogenous seeding of
tubercle bacillt into the pleura may be expected to produce an effusion, should.
the degree of hypersensitivity be sufficiently large  The question must remain
difficult to answer on a basis of proof, one way or the other

There 15 some evidence that collateral effusions occur, of a nature simlar to
the serous effusions which are seen associated with pneumomia treated with
sulphonamides It 1s possible that these are effusions of a type which clears up
unexpectedly rapidly Apart from this, it seems reasonable m suppose thnt all
pleunsy of tuberculous ongin 15 due to sub-pleural or y pl
foct If there 15 a discharge of tuberculous matertal into the pleura an effusion
will probably occur , its extent wili depend on the result of the product of the
number of bacilli discharged and the degree of hypersensitivity of the individual.

Stage of pleural invohement
Pleural mvolvement seems to occur in all stages of tuberculosis. It 1s common
355
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i
i
§ F16 145 —Sumvltane-
| ous bilateral tubercu.
i lous effusion

to find evid of pleural thick i with primary foci  How often
pleural effusions oceur as the direct rcsu]l of the primary focus 1s uncertain They
occur n children, especially in the interlobar spaces, but if an effusion followed
frequcnlly as a durect result of the primary focus, one would have expected such
ions to occur more fr ly The p for occurrence of
pleural effusion 1s 10 adolescents, but in these the penud whnch elapses between
the puimary infection and the effusion 1s usually a matter of months rather than
weeks ; hence an early post-primary dissemination seems to be a more probable
cause, In such s to find d tubercles on the pleura’;
when the effusion 1s simultaneously or successively bilateral, it is almost certain
that early post-primary dissemination 1s the cause, for the occurrence of extra-
pulmonary foci connected with bilateral pleural effusion 1s very common (Figs.
145 and 146). All pleural effusions are not due to such early dissemmation  In
many cases there ts evid of pi ting pleural adhesions and of b h
pulmonary tuberculosis with or without cavitatton. In these the effusion may be
due either to a direct spread from the bronchogenic focus or to a late disseminatton
unconnected with the primary lung focus  Because in this type extrapulmonary foci
are relatively uncommon, a direct spread from a bronchogenic pulmonary lesion
is the more probable cause
Relation to post-primary and bronchogemc lesions

The proportion ofpleuml effusions assocrated with enrly post-primary dissemina-
losts 1s roughly ind in the Prophit Tubercul

356

tionand b



FIG

AETIOLOGY

146 —Consec
utive bilateral



PLEURAL TUBERCULOSIS

Survgy (1948) of young adults Among cases of minimal tuberculosts, occutring in
ndviduals who had been previously Mantoux negative, pleural effustons occurred
1 one-third of the number (Fig 147) ; among simlar cases in which the Mantoux
test had been positive, 1n only about 12 per cent did effusions develop which were
!l}ﬂs d with bronch bercul Even this figure is probably too
hxgh, for 2 majority of the patients only reacted to a large test dose of tuberculin H
this suggests the possibiltty of error, or that reversion of the test might have been
m progress. In the early post-primary effusions the proportion of * primitive
community ” cases was very lhigh (For defini of a primitive ity, see
page 343,) This was not so 1n the other groups

Whenever the sub-pleural focus pursues an 1ndolent course and the hypersensi-
twvity 1s comparatvely low, the pleural surfaces become adherent and so no

effusion can take place (Fig 148) Consid of the i of
adhesions, as revealed by the ind of artificial h shows that the
Tems s fINeboaoos SMeba i aebinalnuefase of the upper lobe, (3) over

' + sosterior surface of the
. ' ' In the last-mentroned
site the adherence is commonly over a much wider area than in the other sites The
first four are areas where br t is is but in the early
stages 1t 15 not very common at the base  Presumably here the effusion s caused by
tuberculous material, shed by one of these sites, which grawitates downwards
and produces a diffuse inflammatory reaction, thus causing widespread adherence
at the base, whereas 1n the other areas adherence takes place over the local area
of breakdown only. If this theory 1s accepted, small effusions must be of much
commoner occurrence than clinical findings would lead one to suppose.

Extension from extrapulmonary abscesses
A pleural effusion may also be due to contact infectton of the pleural cavities
from a tuberculous abscess of the spine or caseous glands adjacent to it Sometimes

a bilateral effusion may result,

Effects of pulmonary collapse

An interesting speculation relates to the part played by cotlapse of a lung
segment. Undoubtedly, 1 the presence of artficial pneumothorax, the onset
of Amd follows a local collapse 1n an undue number of cases; 1t may be a
factor 1n other cases of pleural effusion 1n which unduly long persistence of fluid
accurs without marked pleural thickeming  Presumably lack of expanston of
part of the Jung must be a factor in causation At the same time, by analogy

with the artifictal pneumothorax cases, it seems highly probable that there isa
. e £e boes 1~ o matenal

*hus and

Tdiopathic pleurisy

The extent to which tuberculosts 1s responsible for cases of pleunsy,
with or without effusion, for which no other defimie cause can be discovered
has been the subject of much discussion Scadding, I.’chhvlson and rHf:yl(:
(1951) have noted that, m almost all the cases mn which a history of pam
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suggesting pleurisy could be obtatned, adhesions were present when an artificial
pneumothorax was induced  On the other hand, it 1s comparatively uncommon
to be able to obtain a history of pleural pain or of definite ~pleurisy from
patients in whom a pleural effuston subsequently develops, 1 have not been able
to trace any series of cases in which patients suffering from “ dry pleurisy " have
been submitted to Mantoux tests It seems probable, however, that any definite
(case of diopathic pleurisy should be treated as tuberculosis suspect, until a nega-
Iuve tubercultn test has disproved 1t

Duscovery of tuberculous infection

In cases with effusion we are on much safer ground, The percentage of cases
of pleural effuston of undetermined origin varies inversely with the care which
15 taken to recover tubercle bacilli  Series have been reported in which tubercle
bacillt have been demonstrated 1n up to 70 per cent of cases, and 1n cases 1n
which there was other evidence of tuberculosts up to 90 per cent produced evidence
of tubercle bacilli when the most stringent methods of examination were employed
In young people the presumption of tuberculosis 1s so great that, unless a careful
review of the case suggests some other definute cause, tuberculosis should be
diagnosed and recerve adequate treatment

In middle-aged or old patients, pleural effusions are usually associated with the
bronchogenic type of disease In these there 15 usually some radiologtcal or
other evidence of tuberculosis of adjacent organs This, of course, may not
be forthcomuing until the absorption of the flud allows adequate radiological
ecrally 1n men, large persistent effusions are more often due

examination  Espt
to The bility that tub 1 of the spine is present must

not be overlooked.
CLINICAL FEATURES OF TUBERCULOUS PLEURAL EFFUSION

It 1s unnecessary here to recapitulate the physical findings.

The onset, as stated above, 1s often closely associated with the results of the
prmary complex Malmros and Hedvall (1940) reported 6 cases of pleural
effusion out of 47 tuberculous cases 1n which a negative Mantoux reactton had
been obtamed some tme previously and sumlar reports have been published
in the Prophit Tuberculosis Survey (1948) In children an association with
erythema nodosum has been noted

Any evidence combating the 1dea that effusions occur commonly in Jater post-

primary disseminatron 1s nvalidated by the frequent occurrence of sm:l.ll symptom-
less Chance hs give dant evidence of their extstence,
but whether or not pleural 1 d 1n the costo-ph f:m[r;’le,
can be taken as defimte evidence of previous pleural effusion must await further

research
The authors of the Prophit Survey stated that, when pleural effusion developed

1n cases which were Mantoux posttive at the beginning of the Survey, their nppeahr-
ance was always accompamed by high fever ; presumably this was so also n;‘t 3
cases 1n which the Mantoux reactton was negative on entry, although the aut] ors
do not say so  However, Myers (1935) reports that 12 30 cases of lub:lz)cu lous
pleural effuston, 10 which there was no evidence of parenchymal disease, 10 cases
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had o Subacyte onset ang 4, 12 the onset a5 nsidioys ; only g cases had the
elassiea] acute ongep Myers does not state the age of the Patients

There 15 some Posstbinigy that Pleura) eflusiong assocrated with bronchogemc
or late post-pnmary tbereyingg ave a Jess Serious Prognosss, 55 regards d:velop—
ment of Progressrye pulmonmy tubcmulosns, than have the early’ post-pnmary
types 7y © Prophyt Authors State thag, m therr series of |3 cases, in none had
pulmonary lubcrculosxs eveloped 5p the end of 24 Years® observauon It is

IS i

Eenerajly dccepted ¢, t thy I dunng which pyj, ry tubercu]osxs
15 likely 'y, follow leurat 100, though n 2Dprecrapla 0 occur
m later years, sq 4 €5€ 12 cases had assed the mo; angeroys Pertod Most
authors haye und thap Tan p, Oportion of Cases ( Tying from 20 to 3p
Per cent) of Pleura} eﬂ‘usmn, broj chogenic Or other f reulosis develo,
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effusion are factorg which can be use, to determ, e 1ts TOgnosIs 15 were
Proved p¢ TMughe great vapye n delermlnmg the ap, Unt of treg ment whych
H ach ca lcarng of ¢, s, Suggests that
mmmumcauon may exysp between the pleyr. and the jyp, , and Persistence of the

ever ™3y dicate nsome €ases that fever~producmg foct acccmpnny the effusion,
I thig 45 50, the Prognoss 15 obvmusly less favaumblc, but 1he egree of hyper-
scnsmmy 15 Certainly 5 constderaple factor and the effect of this is Undectdeq

TREATMENT OF PLEURAL EFFUSION
The treatmeny of tubcrculous Pleura} effusion Is stil 4 Matter op Which Opiniong
fer cl

duffe he pomnts hich Must pe taken 1ngo accouny gre (1) the hkehhood
Subsequeny de\elopmcm of pulm, losts and (2) ¢,

nary ercuy] e pos::blhty of
10 acheye fult e-expangiop either because of bronch:al blockage or of
Pleuraj thxckemng

Cases dye fo carly post-primzu dnsseminxtion
0 h

If the effusion IS the regypy of an early posz~pnmary dxssermn:mon, 1o locap
treatmeny 15 likely 1o affect the Subsequeny developmem ofpulmonary tuberculosls

e mdxwdual’s Eenera) Tesistance ust PPorted by es! and Ygienc
Measures Resy i bed shoulg Tule upgy) all eviden, id has g
APpeared apq the Perature gp, I seq Nlalion rage haye becom,
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Ommunyy,, S, 2 Coyrge o[‘srrept d

(]
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FIG 149 — Encysted
Pplevral effusion” un-
thanged during the
previous three years,

(1t may be hoped) will promote healtng of the sub-pleural focus and help to close
any lung perforation which s keeping up the effusion. Maurer (1946) has
published a senes of cases, and an my own hands the result seems to be beneficial |
in the small sertes of cases m which 1t has been tried

Cases complicated by a bronchial block or pleural thickening
Failure to achieve re-expansion 1s due either to bronchial block or pleural
thickemng  In an effusion the former must generally be caiised by tracheo-
bronchial tuberculosts or by external pressure on the broncht by tuberculous
glands  In erther of these conditions the use of streptomycin and p-amuino-
salicylic acid would seem to be indicated
Gross thickening of the pleura, with subsequent falure of the Iung to expand
fully, 1s not very common, owing to the fact that a pleural effusion (apart from an
artificial-pneumothorax effusion) seldom becomes purulent ; butif such thickening
occurs 1t 1s of sertous import, sometimes a persistent serous effusion will
produce pleural thickening (Fig 149). In the past, opintons have differed on the
question of aspiration of the flurd, with or without air-replacement. The present
consensus of opinion 1s against aspiration, except as a diagnostic measure of when
the bulk of the flud produces distress—actually this 1s produced rather by !’hc
rate of formation thaa by the actual amount of fiud  Air-replacement with
10n of the p horax 15 now seldom performed owinyg to frequent
d of tut 1 pY Here, again, the use of streptomycin
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PLEURAL TUBERCULOSIS
present care should be taken to avoid allowing it to enter the pleural cawity, as
effusions are more likely to become purulent if air is present,

Ti of tubercul D

The prime object of treatment 1s the obliteration of the pleural space by re-
expansion of the collapsed lung  The pleural cawity should be aspirated at least
twice a week, and 1 gramme of streptomycin, and 20 milhlitres of a 20 per cent solu-
tion of P A'S put in on the occaston of each aspiration. The patient should he
with the site of the puncture uppermost for two hours to help to avord the produc-
tion of a sinus, and the back should be avorded if possible, in case a thoraco-
plasty 15 necessary sub: ly Thet should be d until all hope
of re-expanston has been abandoned If re-expansion 1s or
the pleura is already thick a thoracoplasty will be necessary to obliterate the
space  When the resistance 1s good, and no other contra-indication 1s present a
pleurectomy with resection of the underlying tuberculous tissue has been advo-
cated  So far the results are promusing, but it 1s essential that the tubercle
bacill: are streptomycin senstive It 15 indicated especially when the disease is m
the lower half of the lung or when there 1s an obvious broncho-pleural fistula,
Drainage should be avorded for a pure tuberculous empyema

Occastonally a small encysted tuberculous empyema mught be allowed to
remain (Fig 148) It may only be advocated 1n patients with a high resistance,
and in whom a residual cavity in the lung 1s excluded, and when all evidence
points to arrest of the disease 1n the lung

Treatment of tuberculous (mixed infection) empyema

The nature of the secondary infection should be determtned, and the sensitivity
to the various antibtotecs determmned  If senstlive, the appropriate antibiotic
should be used 11 far imjection in an endeavour to

d 3 d fe If successful the case can then be treated as a
pure tuberculous empyema, but 1if there s a broncho-pleural fistula this is
unlikely A closed intercostal drain can then be tried, but open drunage will
often be necessary  As soon as the general condition of the patient permits he
should be submtted to thoracoplasty Frequently a sinus will be present, and
this will have to be dealt wath later by a plastic operation or decortication if the

underfying disease 1s arrested
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with acid alcohol and the film counter-stained with mef

fast bacilli thus appear under the microscope as red rods agtgx’g:, ; l?ll:: in;f;;ﬂg.

Owng to therr s[naH size, the baailli must be searched for using a g4-inch Dli

}:mersmn objective  To search over an entire film 1s thus a long ﬂ:lg tedious
It 25 @ well recognized fact that a hady which e » crnree A€ Boht ammanes -t

larger than one of +. -

scoptcal method h - '

(see

Fia. 150 —Diagram

by
text for techmguey

dyes (Lempert, 1944). Fluorescence 1s a property which many substances possess
If these substances are stimulated by waves 1n the mvisible near ultra-violet
Tegion, this stimulus excutes them o emit waves of a higher wavelength in the
visual spectrum  When auramine, the dye most widely used in this techmque,
18 stimulated by ultra-violet bight it emus bnght golden-yellow light. In the
fluorescence method, therefore, a smear of the material to be examined 15 made
in the usual manner, This 15 then stawmed with an auramine-phenol mixture
and decolonized with an acid-alcohol mrxture. 1t is then counter-stained with
potassum permanganate Thus, as m the Ziehl-Neelson method, all myco-
bactenia will stain positively and neither stain 1s specific for co rubercu{o:u'
— ey e L

v admctad fav @ 1avacnant misre.

violet light, passes through the sub d of the n the
lolet ight, pas O o o7 4a £3) wwifl tam etsilated ta
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15 placed 1n the microscope tube to cut out all ultra-violet light which would be
harmful to the eye  With this techrique auramine-stained bacillt ate easity
seen with a § objective and any suspicious yellow specks may be quickly examined
and the presence of acid fast bactllt 1s confirmed with the 3 objective. If the
baaill: appear 11 any way atypical the field can be marked on the shde and the
smear then stained with the Ziehl-Neelson techmque n the normal way In
practice, this 1s seldom necessary. The fluorescence is at least as sensitive
as the Zichl-Neelson techmique (Clegg and Foster Carter, 1946) and much
more rapid  With 2 § objective the whole film may be examiaed in about 3
minutes whereas this takes at least 10 minutes with a ¢y objective  In a laboratory
handling large numbers of specimens 1t results 1 a marked saving in time and
expense,

Cultural methods for the growth of Myco. tuberculosis

Myco, tuberculosis 15 a slow-growing orgamsm. Even when sceded on a
culture medium favourable to its growth an moculum contaiming viable tubercle
bacilll may take from 2 to 8 or more weeks to produce a recognizable colony
The length of time taken depends upon the number of viable bacilli in the rnoculum,
the smaller the number the longer the time Obviously, if other bactena are
present 1n the material to be examined, these will overgrow the whole surface

Faa : o S LR P

viable tubercle bacith from the whole specimen into a small vélumé, for the larger
willb

the number of bacilli used the quicker the growth ident F A
mycobactenia are far more resistant to the action of acids and alkalis than other

bactera and the most y methods of are based on this
difference Tm ~m avtemdad s em SE A s can o ot o
carried ou . -

method of . .
1f properly . .

tume jnterval between the lethal exposure of contaminating organisms and lethal
exposure of mycobactenia to 4 per cent sodium hydroxide 1s short, being only
about 20 minutes With modern centnifuges 1t 1s possible to spn 36 specrmens
at a time and 1f Petroff”"s method 15 all 36 must be neutr

with 8 per cent hydrochlonic acid within 20 minutes of stopping the centrifuge
or false negative results will occur  This time margin 1s too small for safety 1n
a large routme laboratory, though Petroff’s method probably remams the best
for small numbers of specimens In the survey 1t was found that the tr-sodium-
phosphate method (Corper and Stone, 1946) gave almost as good results as the
Petroff techmque and, as the action of tri-sodium-phosphate 1s much slower,
there 15 hittle danger of killng the mycobacteria as well as the contaminating
organ}sms LOn the other hand, the specimen must be incubated over-mght with

T hate and thes d another delay of 1 day  In both cases
the fuged depostt is d on to a of 2 tubes
of L J medium and d at 37° C. All culture tubes are

examined at weekly intervals and all bactenal colontes are examuned under the
367
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microscope.  If acid-fast bacilli are present 1n a colony which has the morpho-
!cgnca\ appearance of Myco subereylosis the colopy 15 subenltured on to agar and
incubated at 37° C for 1 week. If the organism 15 a non-pathogeme sapro-
phyte, growth will occur before the end of the week. If no growth occurs on
the agar the organism 15 reported as Myco, tuberculoss.

Recently many methods have been desenbed which aftempt fo speed up the
technique of primary ssolation of Afyco. tuberculosis.  One of the most successful
15 the shide culture techmque of Pryce {1941). The matersal to be cultured 1s
spread on 2 mucroscope shde and treated with acid to kill off contaminating
bacteria, After ) the whole pe shide is d in a laked
blood medium and incubated a1 37° C. After a week the shde is removed from
the medium and fixed by heat. It is then stained by the Ziehl-Neelson method
and exammed under the microscope In this jnterval growth will, in many
cases, have been sufficient for the bacilli to be abvious and easily detected.  Unfortu-
nately, the method 1s techmically troublesome and in many cases the material
on the slide floats off mto the medium  Furthermore, the nsk attached to this
procedure 35 considerable to both the bacteniologist and his technicians  Other
methods employing sohd media have also been described, but so far none of these
methods has gained general acceptance

Animai inoculation

Until the development of modern egg media, animal inoculation was a much
more sepsitive method of detecting Myco tubercnlosts wn pathological matersal
than cultural methods  From a farge number of 1nvestigations which have beent
performed 1o compare the relative ments of the two methods, 1t 1s clear the
cultural methods are now as sensttive as anmal moculation and the kigh cost of
the latier would prohutat a high proportion of the investigations now usefulfy
performed by culture In matenial where contammation by acid-fast sapro-
phytes is likely, as in specimens of urine, amma! mocufation js the method of
chowe ‘The specimen is concentrated by esther the Petroff or tri-sodium-phos-
phate method and the sediment re-suspended 1n 1 millditee of salme solution
and 0-5 pullibtre mected intramuscularly into the left thigh of 2 gumea-pig
This shovld be a male animal of 300 grammes weight At the end of 8 weeks
the ammal 15 sacrificed At autopsy 1n a postive case there must be a locat
caseops Jesion at the site of njection with caseous festons in the focal glands,
and acd-fast bacill should be demonstrated 1 these lesions  If the number of
bacilli in the moculum was small these may be the only Jesions seen, but in the
majorty of posiuve cases there wifl be generatized tuberculosfs,

Streptomycin and PAS sensitivity )
The principle of these tests 15 simple.  Senal dilutions of the antibiotic are
made in a hiquid wmedwm favourable to the growth of Afyco tuberculosis.
Accurately measpred amounts of the stram of tubercle bﬂcl[!l 1o be r‘cs_tid ?rc. 'l‘hu:‘
seeded 1nto these tubes and a sty . vt et et
Mjyco tuberculosis, the H3TRy st . i
and the lowest concentration of N e 5 s, equal 10, o FLE Wl o
ensitivity of the test strain is then reported as less, 3 o
-sl;}al:(;:\?;lslmz\. The technique of these tests was described by the Medweal Research
168




CLINICAL PATHOLOGY OF PULMONARY TUBERCULOSIS

Counait (1948). More recently attempts 10 accelerate the results of senstivity
tests by known of in in sobid media have
been made These strep media are d directly from
the sputum and are used for prmary ssolation  The preat advantage of these
sohd methods lies festun therr rapidity and also 1n the fact that these tests provide
snformation concerung the proporiion of resistant strams to senstive strams
sn the bacterial populatton {Bradley and his associates, 1950)

Pathalogical material

The value of these laboratory nvestigations may now be brefly conuidered
and the most eomensent method 1s to consider them 1 refation to the pathological
matenal to which they are applied

Sputunt

The matenal most frequently examined in cases of suspected or proved
pufmonary tubesenlosis 1s undoubtedly sputum  The first problem 15 the proper
collectson of a swiable spectmen  If possible the spectmen should contam lutte
saliva and should be free of food particles, The early morning before breakfast
1s the best tume to collect suck a specimen and the patient should be provided
with aclean, dry, widesmouthed stenile container  If the pauent has hot previously
been duagnosed this specimen should be examined by a direct film for microscopy
and whatever the result of this exanunation the specrmen should be concentrated
and cultured for Afsco tuberculosis  Unless the first specimen shows many acid-
fast bacillt in ¢he direct film, this specsmen should be followed by 2 further specimens
which will also be put up for culture (f the diagnosts of pulmonary tuberculosis
1s considered likely on chrucal grounds 1If these 3 specrmens should prove
negative on mictoscopy, 1t will be necessary to repeat the test at frequent miervals
untd esther a positive result 15 obtarned or some diagnosss other than tuberculosis
s established  In any event, the wisest course at thes stage 1s 1o persist tn cultures
untif 2 posite tesult 15 obtained, especraily if there 1s any hikelthood that chemo-
therapy will be mstituted or any possibifity that the patient has vontracted the
disease from a patient who has been treated with streptomycin

1t s customary to follow the results of 2 course of msututional treatment by
regular exammnavon of the sputum and, provided posmive enftures of Mico

fuhseentacs ara aliasned at o Toun ae

Ul Lesuns o) sendl examinations of the sputum exammned at 2-week ntervals,
B et mnl  mmmta = f b

BULLOSCODY 15 N0 fonger a suffictently sensttive method of demonstrating Myco

Juberculpsis and vigorous attempts to culivate the orgamsm should be made.

Sputum conversion should not be accepted untd at least 3 consecutive negative

cultures have been obtaned from specimens taken ar intervals of 2 or 3 days,

When sputum conversion occurs and the patrent 1s discharged, further specimens
369
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of sputum should be examined at regular intervals when the
the physician  Providing 1mp t o1 i d, direc
examination will once more be adequate but at the shghtest sign of relapse,
vigorous attempts to cultute the organism should be re-instatuted

Not all cases of pulmonary tuberculosts produce sputum; its absence is
especially frequent in chuldren who tend to swallow their sputum.

patient altends
t mi 1

Gastric favage

The stomach washungs are useful material from which to cultivate the Myco,
tuberculoss 1 cases of pul y tuberculosis which fail to

The specimen should be taken before breakfast and there should be no delay
1n submitting 3t to the laboratory. It must be remembered that the gastric Juice
1s strongly acid ang if the specrmen 1 Jefs un-neutralized for more than § hour,
1t 15 probable that the tubercle bactlle will be killed  If 1t is impassible for the
specinten to reach the laboratory within § hour, 5 mullibtres of 10 per cent tri-
sodium-phosphate should be added to the gastric washings The presence of
acid-fast baailli in a smear made from gastric contents is not conclusive evidence
of the presence of Mjco. tuberculosis. Many foodstufls, notably butter, are
frequently with saprophytic acid-fast bacilli, It is therefore
necessary 1o culture all specimens of gasteic contents

It 15 not always easy to subject patients who fail to expectorate to gastric lavage
The most satisfactary alternative 15 the laryngeal swab

Laryngeal swab

I this techmique a stenile swab, morstened with sterde water, 1s passed with the
ard of a laryngeal murror wto the larynx. The pateat then coughs and any
sputum m the upper part of the bronchial tree will adhere to the swab. The
swab 15 then treated with 10 per cent sulphuric acid for 5 minutes and then placed
1n 2 per cent sodivm hydroside for a further 5 minutes  The swab 15 inocutated
on to 1« in-J media and incubated in the ordinary way. Nassau
(1941) obtained u positve swab from 44 per cent of 273 sanatorium patients who
did not expectorate, and Forbes and his colleagues (1948) showed that the results
of laryngeal swabs were as rehable a5 gastric Javage in out-patients

Faeces
Tn children the faeces may be 1nvestigated for the presence of My co. tideresloss
in cases of pul y losis 1o p or addition fo the gastric lavage.
g d in adults but here the presence of lirge

This method 15 also somelimes use N
numbers of tubercle bacith are more likely to mdicate tuberculosis of the intestinal

tract than pulmanary tuberculosis

Urine )

In pulmonary tuberculosts the question of renal complications occurs with
some Ixirequencyyand 10 ol such cases a thorough examnation of the IE:)r"::xaI:r
My co. tubercdosis should be made. 1t has been the standard p;;\cucled r \Vni
years to examme 24-hour specimens which are preserved wil éomue m’ G
such specimens it is essennal 10 aliow the }\'hol: specimen to Si o A
Jeast 12 hours and then centrifuge the sediment. This material Is freq
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contaminated by saprophytic acid-fast baclli and consequently should be
injected mto a guinea-pig 1n preference to culture .

More recently the practice of using a morming catheter specimen of urine,
im preference to a 24-hour specumen has been gaining ground This has the
great advantage that, in the absence of secondary infection, the deposit after
centrifuging may be used for both culture and ammal inoculation without con-
centration with acids or alkals,
Pleural fluids

Simple non-turbid pleural effusions, although most frequently of tuberculous
aetiology, often contain only scanty numbers of Myco tuberculosis  The
probability of demonstrating AMyco tuberculosis 1s increasingly likely the larger
the volume of fld used As these flmds often contam fibnnogen, an anti-
coagulant should be used, for example, 1 mullilitre of 20 per cent sodivm citrate
If possible about 100 mullihitres of fluid should be examuned  This 15 centrifuged
at high speed and the deposit exammed microscopically  If no orgamsms or
only acid-fast bacill are seen, six slopes of Lowenstein-Jensen media may be
moculated If other organisms are seen the matenal 1s used first for culture
of secondary organisms and then treated by Petroff’s or the tri-sodium-phosphate
techmques before cultivation for Mico tuberculosis

A small volume of the fluid should be examined for cells and 1n simple tuberculous
effusion the lymphocytes will predominate.

Turbid and purulent flwids are treated n the same way and in these cases there
15 greater of 1

Cerebrospinal flurd

In pulmonary tuberculosis at all ages, but especrally m mihary tuberculosts
and 1n children, there 15 the nisk of memungitis developing  When the signs of
meningeal irntation occur, the cerebrospinal flud should be examined The
charactenstic findings 1n tuberculous memngitis are a clear, or shghtly opaque
flwd under increased pressure  Characteristically the fluid clots  The laboratory
findings early in the disease include a rased celt count of 10-50 per cubic muils-
metre and more than 50 per cent are lymphocytes, though early in the disease
the predomunant cell may be the polymorphonuclear The proten s rmsed,
usually over 50 milligrams per cent and the chlorides are lowered usually below
600 mulhigrams per cent  The sugar falls, usually below 50 milligrams per cent
and, apart from the finding of tubercle bacully, this 1s the most consistent patho-
logical change  Acid-fast bacilli will usually be seen in the stained film

In some cases of meningeal imtation the cerebrospinal fluid will be under
tension and the cell count rassed, but the chemustry of the flurd remains normal
Such cases have been shown to be due to focal rrtation from a small tubercutous
leston 1n the cortex, resulting 1n a serous menngitis Recovery may oceur tn as
many as 50 per cent of such cases and the presence of a small number of acid-
fast bacilh does not exclude the diugnosis of serous meningttis if the chemustry
remains normal {Lincoln, 1947)

Tests before chemotherapy

agents i tuberculosis have two great disadvantages, first,
3
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at a variable interval after the start of treatment, the organisms tn the host may
become resistant to the agent ; secondly, they are toxic substances  The clinical
laboratoty, therefote, has a part to play 1 detecting the onset and mitigating
the results of these unforfunate complications

If chemotherapy is to be given, the fitst step 15 to be sure that the tubercle
bacillt are sensitive to the antibiotic before treatment begins  This step should
be taken in all cases but it 15 more important in a patient who is known to have
had a previous course of chemotherapy There are no authentic reports of
patients, diagnosed for the first ume, being found 1o harbour strains resistant to
streptomycm where contact with a patient p Jy treated with )
can be excluded. On the other hand, cases contracting pulmonary tuberculosis
with streptomycin-resistant strams of Afy co. tubercufdsis by contact with patients
treated with streptomycin are known to occur and will probably be found with
increasing frequency  For this reason in all freshly diagnosed cases of pulmonary

Yerenl

the y of the infi stramn of Myco. tuberculpsis should
be measured even 1if chemotherapy s not under immediate consideratton.  The
accurate of ivity to ycin of PAS takes 3 weeks after

y P
the strin has been 1solated and 1t 15 not suggested that treatment should be delayed
unti] the test 1s complete.  Specymens of sputum for culture of M) co. tubercuiosts
should be abtained before

In the Medscal Research Councit trals with streptomycsn it was found that the
sputumt of patients with type of tubercul showed a p
diminution in the number of acid-fast bacilli present dunng the first 6-8 weeks
In the most satisfactory cases the sputum became free of tubercle bacilli whereas
n the least favourable cases the number of bacilli present in the sputum after
falling {o 2 Jow level between the suxth and eighth week increased to the former
or even higher level There yemamns an ntermedmte group in which smalt
numbers of bacillt continued to be present. These changes were generally

associated with the emergence of drug resistance but not myvarrably so It seems
L =0T ST e- e Fe-example, strepto-

se made from the
= amuned for deug
e

effort to obtamn further positive cultures {0 MAKE SUIE LIAL 1L 13 st sttty e
this information may be of great value 1f st 15 recessary to give a second course

of chemotherapy it on
The detection of toxic complications s largely a matter of clinical examind
bull;es ‘:mth streptomyein nndpPAS are excreted through the hidneys, it s cleacly
important to-make sure thar there is no 1oss of renal functian. Al patients,
therefore, should have a simple exammation of the urine before treatment (s
started  If albumin or casts are present, tests for urea and non-protein mtrogcrli
retention should be performed I these show any significant dxmmu(mndof rekna
function, chemotherapy, especially with streptomycm, should be undertaken

m
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with caution The dosage should be controlled by frequent estimations of the
blood level for streptomycin (Mitchison, 1949) and PAS (Newhouse and Klyne,
1949) as experience shows that with a lowered renal function the blood levels
can quickly reach toxic levels

Serology

Many agglunnauon and complement fixation tests have been devised for the

of None of these tests has the accuracy of

the Wassermann reactson in syphilis and none of these tests 1s regarded as a useful
21 10 thagnosis

In 1948 Middlebrook and Dubos showed that sheep’s erythrocytes suitably
activated with an extract of the steamn Myco fuberculosis H37Rv were agglutinated
by the blood serum of some cases of pulmonary tuberculosis Various other
workers have made investigations along these lines, each of them making minor
modifications 11 the techmique  Schier {1950) used punfied tuberculhin 1o sensitize
the red cells and obtained good results with tuberculous sera but had a high
percentage of false posiive results 1 normal controls  While this relauvely
recent ! may lly provide a y test 1n the d;
of tuberculosis, there 1s at the present time no serological dnagnoslxc test of proved
value available

Histology
Blopsy as 2 method of diagnosis 1n 'y tubercul 1s chiefly
with b The of 1 h as a factor

affecung collapse therapy 15 becom:ng increasingly recognized  For this reason
bronchescopy 15 becoming more and more frequent 10 pulmonary tuberculosis
Expertence shows that quite severe and typical tuberculous lesions may occur
without ulceration 1n a bronchus which appears normal Fig 151 shows an area
of the bronchial mucosa which was considered to be normal at bronchoscopy
in many cases of tuberculosis, bronchial biopsy shows a chronic inflammatory
reaction with oedema of the mucous membrane but no histological changes
specific for tuberculosis  Nevertheless, 1t 15 known that tuberculous ulceration
at several points 1n the bronchial tree may be separated by portions of bronchi
which merely show a non-specific chrome inflammatory reaction (Meissner,
1946) Any bronchial biopsy showing these changes from a known case of
pufmonary tuberculosis should be viewed with the utmost suspicion

Blood picture
The most conslam alteration 1n the blood picture n all forms of pulmonary

p yp anaemta  This uswally reacts well to
adequate lr:a\mem
There have been many - * - *
feucocyte count which .
only fact which emerges . .

caific change in the leuco ' ' .
disease may be assotiated with either a leucopenia or a moderate feucocytosis There
have also been reports of a leukaemord reaction m a few cases of tuberculosts.

s



CLINICAL PATIIOLOGY OF PULMONARY TUBERCULOSIS
.’I"}:e n;omcyt: count s frequently raised (over 10 per cent), especially when
:s tuberculous tissue is being formed while a raised lymphocyte count 15
quently associated with healing tuberculous lesions

FiG 151 ~Bronchial mucosa showing typical tubercle below a normal epithelium,
Bronchoscopie examination of this piece of bronchus was reported as normal
mmediately before operation

throcyte sedimentation rate
he erythrocyte sedimentation rate, although 1t is not in any way specific
tuberculosis, 1s nevertheless of great value In all touc conditions
ch are associated with tissue destruction the erythrocyte sedimentation rate
used, and thus the test 1s no more spectfic than pyreua or leucocytosts  The
hrocyte sedimentation rate 1s shghtly more sensitive and s always raised in
ve tuberculosis and falls as healing takes place Serial examunattons are
. of great value 1n the control of patients suffering from pulmonary tuber-
sis and a spread of the disease may mamfest itself by a rise in the erythrocyte
mentation rate before there 1s any other radiologtcal or chnical evidence
The test 1s also often valuable tn cases where radiographs reveat a lesion
15 of doubtful actrvity and m these cases a raised sedmmentation rate 15
1g evidence of activity
te two methods usually employed 1n this country are those of Wintrobe and
ergren  Oxalated blood 1s used 1n Wintrobe's method  This 1s prpetted nto
smatocrt by means of a long Pasteur pipette and the tube is then stood in a
zal position for one hour At the end of this trme the upper level of the red
is read on the graduated scale The advantage of Wintrobe's method lies
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in the fact that after the reading has been taken the blood 1n the tube can be
“ packed ” by centnfuging the haematocnt. If the packed cell volume 1s smaller
than normal, a correction for the increase in the sedimentation rate due to anaemia
can be made by referring to an appropmate chart, The disadvantages of the

method are that the tubes are both dnmcult to fill and to clean, Funhcrmcre the
method requires a high-speed 1fugs 1snot available macllmc

Westergren's method 1s much more )} n In
this method 04 milliitre of 3 8 cutrate solution 18 dmwn mto a synnge which 15
then ntroduced 1nto a vemr  Blood is withdrawn until there 1s 2 milhlitres of
mixed blood and citrate in the syringe The sedlmcn(auon tube, which has an
internal diameter of 2 5 mull and is d 1n mijl from O to 200,
1s then filled 1n the manner of an ordinary 1-mdlilitre mpette  The column of
blood 15 drawn up to the zero mark on the scale and the tube 18 placed to stand
vertically 1n a rack At the end of one hour the number of mulimetres through
which the erythrocytes have sedimented 15 recorded The disadvantage of
the method lies tn the fact that it 1s impossible to correct for anaemia, but the
case of the more than for this hat techmical dis-
advantage It has been found 1n practice that serial readings of the sedimentation
rate by the Westergren method are of very great assistance in controlling individual
cases of pulmonary tuberculosis
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CHAPTER 16

TREATMENT OF PULMONARY TUBERCULOSIS
ANDREW MORLAND and St CLEMENT PRICE THOMAS

GENERAL PRINCIPLES

‘THE SUCCESSFUL treatment of tuberculosis depends on getting the patient mto
s0 good a state of general health that the resistance is raised, the lesions first
ceasing to mcrease, then becoming quiescent and finally arrested and surrounded
by a dense zone of fibrous tissue  For this purpose rest, fresh arr and good

feeding are essential

Rest
Active pulmonary tuberculosis needs months rather than weeks of bed-rest
as a prelimmary  As a gude to progress pulse rate and temperature should be
taken four times daily  As shight rises 1n temperaturé are important in the disease,
recording must be accurate  Rectal temperatures are more reliable than those
taken orally , after 3 minutes the temperature should be below 98° F. on awakening
and should never exceed 98 6° F  Mouth temperatures requre 5 minutes with
the thermometer under the tongue and the mouth closed, they are shghtly lower
and more vanable than rectal The blood sedimentation rate should be done
monthly, by the Westergren method and should be under 8 millimetres 1n 1 hour
for men and under 10 mullimetres for women Patients with pulmonary tuber-
culosis are not ready to get up as soon as the temperature 1s normal and even 2
normal sedimentation rate 15 frequent with a shghtly active and progressive
leston  For the majonty the imtial period of rest has'to be carried out at home
and most cases respond to 1t 1f social condittons are satisfactory  An attempt
must be made to provide early institutional treatment for cases requiring urgent
collapse therapy and for those whose home conditions do not allow the patient
to get adequate rest, fresh air and food With overcrowded households proper
rest 1s impossible  When an open case has to be treated at home any children
should, 1f possible, be removed, as 1t 1s only 1n well-to-do homes that adquatc
facthties for segregation exist , some local authortttes have schemes for boarding-
out contact children and such arrangements are valuable 1n the prevention
of mfection

For most early cases treated at home the patient may be alfowed up forutml:t
purposes ; febrile cases need strict bed-rest and absolute or “ typhoid ™ rest
may be required for those with marked toxaemra but few can tolerate the restric-
tions mvolved for a long period. Apart from the small proportton of patients
who can afford a nurse in their homes such cases require hospital treatment

After a variable period of bed-rest the time comes when the patient may start
to get up, this has to be done very gradually and he should be encouraged to
save effort as far as possible ; for instance shaving should be done sitting nstead
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GENERAL PRINCIPLES

of standing A useful maxim 1s * never stand when you might sit, never sit
when you might lie down” When promoted to stairs these should be taken
slowly and not more than once a day at first. It 1s at this stage that we must
be on the look-out for over-compensation ; most patients by this time are feeling

e e, PRRRAPE Ao N ERR S .
has been done

Rest 1 the garden and gentle walking exercise follow, the patient being warned
of the danger of sitting 1 the sun if the weather 1sat all hot ~ Spring and autumn
sun and the early morning summer sun 1 the Bnitish Isles are rarely harmful
but in the Alps even the winter sun may produce dangerous focal reactions 1n
active or recently active lesions During the period of gradually increasing
exercise 1t 15 much better for the patient to be in a sanatorium as the necessary
medical supervision is tmpossible in the home, With city dwellers the advantage
of removal to a sanatorsum at this stage 1s still greater , when such a patient
ts unable to obtan a vacancy it 1s better for lnm to continue to rest by an open
window rather than to increase his exercise too quickly i order to reach a park

Fresh air v

Fresh air 1s benefictal to the febnle patient as it diminishes night sweats.  The
majonty of patients can be gradually accustomed to having therr windows wide
open day and mght and only closed during the mormng and evening toilet In
severe weather, windows may be partially closed  Elderly and bronchitic patients
may not stand this hyper-aeration and are better with less rigorous treatment,
The good effect of fresh aic an 'y il was i proved
by Otto Walther in his sanatorium at Nordrach 1n the Black Forest. It was later
confirmed at the Brompton Chest Hospital which was onginally designed with
permanently closed windows and warmed air supplied m flues on the theory
that draughts were bad for consumptives. The opening of the windows 1n certain
wards soon demonstrated the benefits of fresh air as the appearance, appetite
and general well-being of the patients so treated contrasted 1n a striking manner
with the condstion of those 1n adjacent wards following the older method

Chmate

Fresh air can be obtained 1n any temperate locality, the only climates defimtely
bad for cases of tuberculosis being those with high temperature and hurmdity.
During the period of bed-rest patients treated m London hospitals do not appear
to make fess rapid progress than those treated 1n the country, but when graduated
exercise starts there are considerable advantages in large gardens and open country

Chimate 15 of relatively small importance mn treatment but other things being
equal there are advantages 1n Jocaliies with cool dry air, porous soil and shelter
from strong winds.

Treatment 1n the high Alps 15 rarely the deciding factor as regards recovery,
m fact the more frequent respirations and higher metabolic rate make the climate
unsuitable for the early toxic case. The advanced case, with dyspnoea at sea
fevel, can only expect to be made worse by the change  On the whole it 1s best

m .



TREATMENT OF PULMONARY TUBERCULOSIS

for sanatorium treatment to be started 1 the British Istes 3 if after some months
improvement has been made but the patient is not yet fit for return to normal
Dife, a winter in the Afps with 11s more pleasant and suany climate may accelerate
progress, but 1t need not be looked on as in any way necessary and there are
advantages 1n curing s the climate in which the patient has to continue 1o five

Warm, dry climates such as South Afiica, Australia, Madeira and the Canary
fstands may be useful 1n chronic cases complicated by bronchitis. The chmate
of the French and Italian Riviera 1s a treacherous one in winter, being subject
to sudden falls 1 temperature i the early afternoon ; it 15 best in spring and
autumn

Sanatorium treatment

Ougmally sanatorium treatment meant supervised exercise and rest, fresh ar
and over-feeding It 15 now coming to mean a chest hospital whete various
forms of colfapse therapy and chemotherapy can be applied by experts at the
most opportune moment. There 15 o need for both types of treatment, The
sanatorium has considerable edvcational value, the patient Jearning how to live
healthily and forming the habit of taking regular rests of about | hour before the
principal meals, given about mudday and 6 pan The easy access to a physician
who has made a special study of tuberculosss 15 also an advantage, as it ts necessary
for the patient to arnve at a considerable understanding of his disease because
he will not always have an expert at hand to guide im,

Exercise 1s graduated by the physician, the present tendency being to avoid
i the amount of exercise slowly ; 1t was formerly
the practice to allow convalescent pateents to graduate up to quite heavy manual
labour and the temperature reactions resulting, attrsbuted to suto-inoculation
with tubercufin from the patient’s own fesions was supposed to be beneficial
These reachions sometimes resuited in a relapse and it it now thought better
to avoid strenuous physical exercise for a year or two afer the lesion has
ceased to show signs of activity. .

Occupational therapy has now become an essential part of the trestment in 2
well conducted sanatorium, the type of work and its duration being graded
according to the patient’s condion  Great improvement in morale has resulted
from the innovation as prolonged mactvity of mund and body is not a healthy
state and onfy a minority of patents can profitably occupy months of bed-rest
by purely mtellectual pursuits  Art therapy 15 also of great value, creative effort
being particularly sansfymng to a surprisingly large proportion of patients.

Yillage settlements . .
The ohect of sanatorum treatment is to return the pagxent'w Ah_xs forme\:

cannat be sent back 1o their Jobs WILOUL tualiget 1w suves
village settfements on the lines of Papw orth and Preston
As the worhshops are part of the sanatonum,
“ colonists.” With medical super-

* good chronics,” who

selves ar their assaciates,

Hall are of great advantage orkst

home hife becomes possible agam for married
a8



DOMICILIARY TREATMENT

viston of workmng conditions and hours of work the risk of relapse is greatly
reduced  Some effort 15 also made 1n village settlements to teach remunerative
work to younger patients but up to the present there has been much greater
difficulty, for financial reasons, 1 tramning young workers than in employing
patients who are already skilled craftsmen and whose economic value to the
settlement 1s on that account higher

DOMICILIARY TREATMENT

The prevalent shortage of sanatorium and hospital beds has, of necessity, forced
1he development of an orgamzed system by which many of the most modern
advances 10 treatment have been made available to patients who have to be treated
at home Para-aminosalicylic acid being taken by mouth, lends itself easiy to
d 1 he of giving strep! in the home
vattes with the hbourhood as the daily required 1nvolve the expend:-
ture of a considerable amount of time by district nurse or doctor  As regards
collapse therapy, pneumoperitoneum can be carried out quite effecttvely m the
home, the patient being brought to the clinic by car or ambulance in most cases
Phrenic crush can also be done at chest hospital or sanatorium without requnng
a bed Certain chimcs have also attempted the induction of artificial pneumo-
thorax on a domuciliary basis but the need for thoracoscopy and the frequency
of pleural effusions 1n the early months of treatment have convinced the majonity
of chest physicians that this form of therapy cannot be carned out adequately
unless the patient can be hospitalized for at least a month

In dividing the 1nsufficient number of available mstitutional beds among the
long waiting List prionty must be given mainly to two groups (1) those whose
Tives depend on prompt hospitalization , and (2) those whose homes do not permit
proper segregation from children or adolescents

THE MIND
The spirochaete and the cancer cell pursue their lethal course irrespective of the
previous good health of cells they encounter ; with the tubercle bacillt conditions
are different Here we have a ubiquiious germ which can only with difficulty
establish a bridgehead 10 ats host, most of its nvasions are repelled and even
when the landing 1s successful if 1t 1s met by a determined resistance, the invaders
are checked and finally incarcerated m successive layers of fibrous tissue; in
this prison they remarn alive for many years and may profit by any lowermg of
resistance to escape and again produce active disease
Resistance 15 thus the determining factor of life or death 1n most cases and its
precise nature needs careful analysis  Physical causes, m particular nutntion
and hygienic hving, have been seen to play an mmportant part in the actiology
of tuberculosis but resistance depends on the well-being of the whole organism
and not merely of the body Those who are happy 1n thetr work and in their
personal refations rarely provide a ferale so for the tubercle bacilfus, even
when they work long hours and rear large familes It 1s among the maladjusted
that we find most cases , the alecholie
* Who looks 1nto a pewter pot
To see the world as the world’s not
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THE MIND

of tellng him that 3 months 1 a sanatorsum will cure him completely as this
will be bad for the patient and unfair to the sanatorium physician who will have
to deal with his discouragement when the too favourable prognests fails to
matenalize

It 1s not surpnsing that many patients refuse at first to accept the diagnosis
of an 1llness which affects their lives so intimately  Some, while verbally accepting,
fail to adapt themselves to the realities of the situation and are cutwardly confident
that they will be perfectly well m an unreasonably short time  Others show
extreme shock and fear and can only gradually be brought to a more reasonable
outlook On the whole the best patients are those who start with a brisk haemo-
ptysis as they do not argue about the diagnosis and have had a sufficient fright
to become co-operative patients at an early stage

During treatment

** No fool ever recovers from phthisis™ was a saying of the last generation
By fool we mean psychologically 1], as 1t is not normal through one’s own care-
lessness to sacrifice health and even Iife  We make great demands on the tuber-
culous patient which he cannot always fulfil, he should have infinite patience
and at the same time show a combination of courage and caution, adaptability
to a new environment and capacity to form fresh mnterests when the old ones are
madvisable  The long strain of tuberculosis tends to bring out the essential
qualitres of the patient’s personality 1n a similar way to war, even siuch traits as
fusstness or pomposity are exaggerated  The strain on marniage 1s considerable,
many brittle unions break, but where there 15 true sympathy and understanding
the bond becomes stronger

Home or sanatorium

Nobody likes the 1dea of going to a sanatorium, some even refuse to go, but
most are happier when they have settled n than they were before going At
home the tuberculous patient has no proper place in society , he can neither
Jomn 1n work nor play and hus sense of being an outcast 1s exaggerated by the fears
of infectton, real or imagined, of his friends and relations In a sanatorium he
enters a new society i which he can play a part and where all are 1n the same boat
He can also learn new rules of hving and with the medical gwdance provided
he can obtatn that knowledge of the disease and its cure which 1t 15 essential
for every patient to have  If special methods of treatment such as pneumothorax
or thoracoplasty are necessary 1t 1s important that their object should be explained
to the patient as simply and clearly as possible

CHILD-BEARING IN TUBERCULOSIS
The beltef that pregnancy 1s an almost certain catastrophe in the Iife of a tuberculous
woman 1s widely held both 1n the general public and tn the medical profession
Recent work (Cohen, 1946) fasls to confirm that, 1 general, pregnancy has any
appreciable influence on the course of tuberculosis in either direction A patient
with progressive disease 15 often better during pregnancy but # hkely to relapse
1 the puerperium thus reaching approximately the same state 1n her downward
career as she would have done had she not become pregnant Quiescent and
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' ~ +-1heenreonancy or p:murition QObstetric compli-
\iting cacsarean section are occastonally
sks do‘not appear t0 be great

s-bcnnng is the stram snvolved 1n many
14 Where there a1¢ several children
. . < memaimitatIn,
the mother’s TElApsE. A o . :mtg'
some women seem to thnive on child-bearing P e \rcn’;
others find much greater difficulty 11 standing up 10 the strains and anxieues of
motherhood.

Termination of pregnancy

Termmnation of pregnancy should not often be needed 10 tuberculosts In
casly ackive cases pregnancy does not contra-indicate either chemotherapy of
w—eav Inom

v ac the continuation of pregnancy would

o . -+mea the patient

t~ hanlth

\ - vcwm rases WHO NAVE prie tal capacity,
P inry, When termination

«ghth week 3 after the

1§ TEQUILED 1 = .
twelfth week 111 usually sater 10t e pos

The provision of domestic help 15 the most useful measure during and after
pregnancy ma tuberculous woman he nfant should be inocutated with
BCG assoon after i
nactive €ases and with quiescent lesions n Whic
Tt naturally con!m-mdlca(ed 1 actwve diseas® which calls for separatl
child from the mother until the lesion 15 under control

Diabetes has long d the lesions

found present & ugh proportion of the acute « gdolescent type 10 which there

are caseous pneumontc patches not infrequcntly 1n the lower lobes

A pesfectly ‘palanced diabetic probahly has as good rcsislar}ce as & normal
e

rson ; the first indhcation 1s therefor 1o control the diabetes necessary with
nsuly nd on a dieh he berculosts, bout 2,500-3,0 0 ¢
necessity 0! keeping bal? od must be 1Mpress the patient » fortunately

sur loye a normal subject. A ¢
must be kept for fresh foct etther 18 ere The pauent’s msulin
cquu'emem 15 a gwde 10 the activity of s tuberculosts a5 the diseas® 2comes
escent his requare! ent falls while any ncrease N activity 15 accompumed bya
15€ 10 the nsulin requlrcmen(.

SPECIF!C TREATMENT
Tubercult b
More than half a century of expenenc® has left the therapeutic yalue of tht
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TREATMENT OF PULMONARY TUBERCULOSIS

Indigestion and loss of weight

Dugestive disturbances are common 1n hthists and, being toxi
usually respond to rest and sumple alkalne :nd acid mix,tures.gln ao?nes }::Ilsgiotrl‘::
cause of the dyspepsia1s fou d to be milk which should first bs tried citrated and if
that is meflective it should be reduced 1n amount or eliminated from the diet. Cod-
hver oil 15 useful for patients who are underweight and who can digest 1t, but
many tuberculous patients have a dislike for fats and an tability to digest l‘hem
so that they are better on a diet g mainly of carbohydrate and proteir;
supplemented by vitamn tablets. The vitamun most constantly deficient in the
blood is vitamun C.

The most rapid way of causing gam in weight 15 by means of insulm, 10 units
6 times a day being balanced with the appropriate amount of carbohydrate
For the treatment a good digestion is necessary although most of the werght gained
tends to be lost n a few months.

Diarrhoea
Duarrhoea 15 and d. 1n many ad d cases with j inal
ulceration  The treatment most hikely to be effective 1s streptomycin or tn cases
’ n which this has Jost its effect the intravenous myection of ealcium gluconate,

AFTER-CARE

Although the great majonty of early cases and a considerable proportion of the
more advanced ones appear to be in excellent health after a few months 1 a
sanatortum it 1s well known that if a careful follow-up 1s made a depressingly
large number will not be well and working after 5 years There are some who
believe that 1t 1s 1n the nature of the disease for relapse to take place but I do not
think such a defeatist attitude justfiable 1n view of the comparative ranty of
relapse during sanatontum treatment, even when this 1s prolonged over several
years An unswitable environment after leaving the sanatorium is much more
frequently the cause of disaster

As the study of the actiology of the disease has shown, surroundings which lower
the general health are more important than wmfectton , 1t s a natural deduction
from this that 1f the patient returns, with his disease quescent but not arr‘est:d.
to his previous enviconment, those factors which produced the oniginal disease
will not be long 1n starting a relapse Sanatorium experience has shown that by
raising the level of the general health active lesions become converted 1n course
of time 1nto fibrous scars, but this process 15 a gradval one and few patients
remamn 1n a sanatorim long enough for their lesions to be surrounded by more
than a thin shell of fibrous tissue , 1t must be the aim of after-treatment to main-
tain the general health at so hugh a level that fibrosis contmues steadtly, so that
after a few years the lesions are suffictently firmly encapsulated to stand the strain
of normal life This object, the mawntenance of the general health, should be
achteved with no more interference with the patient’s hfe than 1s absolutely
necessar: .

'Cl'he n{odc of ife of each idividual patent needs to be studied carefully in
conjunction with the state of his lungs Hours and conditions of work, diet,
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exercise and amusements require thorough investigation before the first problem
can be solved , thisis * Can the patient so modify his former life that he can
reasonably be expected to keep well or must he theow up hts job and learn a
more suitable one?” Unless there s strong evidence that no changes that
can be made will matenially improve the patient’s environment he should not
be pressed to change his employment  Work with which 2 man s famuhiar 15
fess strain and more remunerative than starting something else as a novice
Working conditions

‘We have all of us heard of men who, stncken with consumption m their youth,
have migrated to the great open spaces of the world, where the air 1s Itke cham-
pagne, and have cured their disease by leading the healthy outdoor hfe of the
farmer  Such people are more common it fictton than it real hfe, but the idea
has fired the public tmagiration and many patients think they would have more
chance of keeptng fit 1f they gave up some sedentary office job and followed the
plough, There are admittedly certain misfits m tndoor Jobs for whom tubercle
provides a welcome means of escape to a more congental occupation, but for
the average sedentary worker to throw up hus job and go m for farming 15 generally
disastrous  Not only 1s the work physically ing, but skl
and expenience are needed It 15 hard enough for the farmer whose whole iife
has been spent 1n learnmg his Job to make 2 hving, and the majority of healthy
amateurs who take up agnicuttural work fail to make a success of 1, and financral
anxtety 1s, 1n nself, a common factor m producing relapse 1 the tuberculous
Poultry farmung 1s more suable than other kinds of farmuing as less physical
exertion 15 needed , at the same time it 15 & skiled trade and to be successful
needs Tong hours of work and considerable ability

Most sndoor workers will stand a better chance of kesping fit tf they carry on
doing the jobs they are used to, in such cases medical advice will constst 1n
first of all discovertng whether any hygienic defects are present and if so how they
may be remedied  Start at the beginnng of the day and find out how long it
takes a man to get to his work and how he has to travel In large cities such as
London many people spend 2 or 3 hours a diay i crowded trains and buses
getting to and from therr work  Some of them feel that the asr they breathe 1n
their dormitory suburbs 1s so much superior to that of the more central parts
of the City that the difference makes the journey worth white 1 am convinced
that many people are mstaken in this belief and would have a better chance
of keeping well if they lived nearer their work The wear and tear of so much
travellng 15 considerable and the ttme thus spent could be made better use aof
esther for rest or recreation.

Ventilation 15 another important pomnt, unfortunately few employees can
control this; but when a man 1s his own master as regards the operung of his
office window he should be encouraged to do so  Rest hours are also difficult
to coninue after the patient has returned to work, but wherever possible the
mid-day meal should be adequate and not the bun and cup of tea so popular
with young women office workers A short test before the eremng meal should

be encouraged as food is badly digested when eaten by a tired person immediately
on his return from work.
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With factory workers 1t 15 still more smportan i
J0b wnless absolutely necessary as he cﬂnn“’ot er;:eg:rr: g:: snoo tm‘l‘x’cg“:t :pnil‘x:
one Employers, on the whole, are considerate in keeping Jobs apen for patents
and, vghere‘possxble, n allowng them light work afier re-employment,

Registration under the Disabled Persons Act 35 a great advanta‘ge to man;

- Quiescent cases during the reablement period, The “ good chromc ” with POSfflVi
sputum confinues to present a difficult problem requiring special worksheps so
that the disease may not be passed to his associates p

School-xeacher‘s are particularly unfortunate i this respect as educational
authorines are rightly unwilling to re-engage them until bacill has been absent
from the sputum for at least 6 months

‘There are certam occupations which are unsuitable for practically all tuber-
culous subjects  These are mamnly those involving severe physical strain

Although 1t 1s imporant for ex-sanatonum patieats to returnt to or take up work
at which they can earn enough to be able to afford adequate nutntion and sujtable
housing accommodation, they should be encouraged not to attempt to increase
their carmings beyond this point at the risk of breaking down A dispen-
sary patient of one of the authors, a taxi-dniver, atways stops work at about
6 pm., although the evening hours mean quicker earning he s content to do
without them as he realtzes that he gets tred more eastly than other drivers and
that he needs rest 11 order to keep well

Anxiety and responsibility

Prolonged unemployment 1s demoralizing and after reaching a certamn stage
n the cure a reasonable amount of work 1 an advantage In assessing the
probable strain of any k N BT mmeT tan mmann,
tant as hours of work.

a period of worry and . .
sudden death of the head of a firm results 11 a young man with inadequate tramning

suddenly having 1o step Into 2 responsible postion , sinudarly it 1s not advisable
for anyone to take over a job of this kind before his disease 1s firmly arrested
A schoolmaster, for wmstance, would be wiser to remain a year or two longer
as an assistant than to undertake the responsebil of a heads hip before
fus cuce ts propeely consolidated  Naturally if the chance 1s unlikely to recur
one has to balance the advantages of early promotion against its possible nsks.
Anxiety seems to be a more frequent cause of relapse than long hours of
work and it 1s desirable that people should not be too mdispensable within &
few years of active tubercle A rehiable understudy is a great kelp to men
responsible jobs, who are otherwise afraid to consult their dottor when they
thunk they may have started a setback n case he may try to make them stop

work again .
1t 15 to be hoped that the Papworth Scheme of ‘illage settlements providing

employment under healthy conditions, will find many wmuattons, as however
hard one may try there remain some jobs which just cannot be made swtable
for tuberculous patients and there dre alse patents who can only b; expec{ed
to keep well under conditions which can only rarely be found outside special

wstrtutions of this kind
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Yeisure

While concentrating on trying to tmprove working conditions 1t 1s important
ot to Jose sight of the way in which the patent spends his [eisure hours, as
relapse is just as often due to amusements as to work. Late hours and stuffy
rooms have to be avoided, but care must be taken not to make the patient’s Ife
a msery by t0o ngid restnctions  Habats matter more than exceptions—and
an occastonal moderately late evening makes the patient feel more of a human
being and less of a leper without runmng any apprectable risk.

Those who return from a sanatorium with their disease still actve and 1n
whom the prognosis 1s bad, should not be treated too strictly The chief considera-
tions with these apart from them from infecting others,
15 to make their hves as normal as their disease will allow.

POSTURE

Postural drainage, which has so useful a place in the treatment of bronchuectasss, *
may be of value in cases of tuberculosis which have dilated basal bronchi as a

secondary T For certam cavities the reverse procedure,

tn which the positton of the patient 1s such that the draining bronchus 15 10 the

celling of the cavity, has been used with benefit For example, a patient with a

cavity in the apex of the right lower lobe lies on the nght side of huis back while the

foot of the bed 1s raised  Much patience 1s requared 10 mamtaining the posttion

day and mght

/ COLLAPSE THERAPY
Tubereulous lestons of the lung which are submitted to surgical intervention are
(1) cavitated lesions, (2) bronchostenotic lesions, and (3) closed lesions commonly
referred to as tuberculomass
Cavitated lesions

Cases with tuberculous cawities form at least 90 per cent of the cases submitted
for surgery The role of surgery in the majority of this group is purely mechanical,
POV - -

A knowledge of the factors und the e of the cavity are necessary
to a proper understanding, of the necessity for, and the aim, and object of
treatment

A tuberculous cavity results from the rupture of a tuberculous abscess into
one or more bronchy, the contents of the cavity exther being coughed up or removed
from the bronchual tree by the cihary action of the bronchial mucosa  As a result
of the abscess and 1ts rupture, a defect 15 left in the lung tissue which 15 lined by
tuberculous granulation tissue, and at the same time the bronch: draming the

autty hannoa st -

process aflects onfy the submucosa, which even more proximally shows a consi-
derable sncrease 1n 1ts vascularity, This affection of the mucosa and submucosa
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feads to a narrowing of the bronchus, vaniable in degree in different cases, but
m all cases quite appr:mfxblm This narrowing of the bronchus or bronchy is the
crux of the whole position It 15 known that during inspiratten the beonchi
lengthen and the lumen of the bronchi 1s increased, and during expiration the
reverse happens, the broncht shorten and the Jumen decreases,

In the pathol 1 cond d with a cavity, during inspiration the
cavity walls are subjected to the 1asprratory pull aud the volume of the cavity
increases, air betng drawn in through the draming bronchi winch have also
mcreased 1n diametes, During expiration the thorax contracts, the cavity gets
smaller and air 1 expelled from the cavity , the bronchi, during thts phase get
sma))er: owng to the narrowing of the lumen resulting from the tuberculous
bronchitss, the drasming bronchs closing before the end of expiration, with the
Tesult that air is trapped i the cawity,

y Trappug of air i the cavity as a result of the expiratory stenosis js the cause

of 1ts persistence  Were there a free bronchiat fumen duning the whole respira-
tory phase then the cavity would close as a result of the normal elastic retractility
of the lung, as 1t does for example 1 an acute lung abscess, when free bronchial
dramnage 18 present

Resultng from trapping of mr 0 the cavity, a mean posttive pressure is set
up, on full mspiration 1t 1s negative, but during exprration the pressure becomes
posttive  These observations are based on pressure readings obtained while
needling such cavities ; m fact @ tuberculous awr-containing cavity is a tension
cavity from tts inception. The term tenston cavity s used by some authors when
referning to cavities which gtve radiological evidence of a relatively rapid increase
m size, these preferably should be called distenston cavities  The posittve pressere
has an added effect, it embarrasses the circulation through the capillary bed 1n
the wall of the cavity, and i consequence the focal defence mechanssm is impaired.
Thus the expieatory stenosis not only leads to persistence of the cavity but also
to persistence of the disease iiself 1n the cavaty walls

If the above theses be accepted, then the aim and object of treatment shoufd
be the elimination of the inflattonary element in the cavity Theoretically this
can be doae erther by elmrtating the expiratory stenosis, or by decompressing
the cavity from outside, or by preventing air from gomng into the cavity

The first alternative, elimination aof the expiratory stenosis or in other words
producing free bronchial dramage entadls, certainly 1n the early case, a dxsi!ppea.r-
ance or healing of the tuberculous bronchitis. This undoubtedly happens in
some cases treated with p in, as would be jpated from
with the drug in tuberculosis of the larger bronchi, which are under branhm
scopic visual control It 1s doubtful, however, whether this ever happens ia the
untseated case except rarely m the relatively advanced stages of the disease

Decompressing of the cavity 1s cartied out as a therapeutic measure, eher by
Sae w8 ihas den wnne of tha mauity The cavity, however,

However, mspection

[ ge shows the changes

from the ineft greyssh walls seett 1t posieiviwm specimens, to walls
and vascular, this lauter stage being reached about 1 month
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after dramage has been established. It 1s interesting to note that tubercle bacills
disappear from the discharges at about this peiod  The third alternative, preven-
tion of air entering the cavity, is brought about by producing a functional stenosis
of the bronchus during the whole respiratory phase, the functional stenosis becom-
ing permanent in those cases m whom a satisfactory result 1s abtained

This fonchional stenosss can tesult from esther passive or dctve relaxation.

Passive relaxation

This 1s brought about by bed-rest, during which time the patient’s oxygen

i are at a and 1n the y ion of
Tus chest 13 small. If the degree of expiratory stenosis 1s such that the bronchus
remains closed not only during expsration but also dunmg the small modified
mspitatory phase, then further air 15 unable to enter the cawity, the contaned air
1s absorbed, the tenston within the cavity decreases and 10 consequence the
blood supply to 1ts walls improves  If these conditions are maintained until the
stenosis becomes organic, then the cavity closes and if the patient’s resistance
agamst his disease 1s good, the lesion heals and becomes arrested

Intermittent bed-rest, for example, 20 hours bed-rest and 4 hours exercise,
defeats 1ts own object, as duning the exercise penod, the bronchus reopens and
the cavity persists It can be argued that the reverse occurs in that as a result of
bed-rest, the oedema 1n the b h all d and the tuberculous b h
improves so that the lumina of the bronchi become patent dunng the whole
Tespiratory phase and cavity closure ensues,

Active relaxation

Artificial pneumothorax affords the best example of active relaxation. This
smtervention will be described on page 390, and the following observations only are
necessary  Farst, if the artificial pneumothotax is perfect, that 1s without adhesions,
a cavity closure rate of about 90 per cent can be expected  Secondly, the effect
of such an artificial pneumothorax 1s to allow the lang to relax concentrically
towards the hilum, and thirdly, that there 1s a further decrease in both the lepgth
and diameter of the bronchi.

1t is logcal to suppose that 1f the cause of the persistence of the cawity, that s
partial bronchostenosis, be adnutted, that the prime factor mn cavity closure 1s
closure of the draining bronchus  Tlus principle of adequate relaxation underlies
all the operatve interventions of this group, the prinespal factor being the
climination of the inspiratory puli on the bronchus, allowing the closed expiratory
p:smon of the bronchus to be matained throughout the whole respiratory
phase

Some workers maintatn that the effect of artifictal preumothorax 1 to straghten
out a previously hinked bronchus, the latter being the cause of the persistence
of the cavity, and as from thes strmghtening, free bronchal drainage results,
the cavity closes  This thesis fails to give cogmzance to the observation that
broncht normally get narrower when an artificial pneumothorax 1s induced, and
1f 1t 1s admutted that a partial bronchostenosis be the cause of cavity persistence,

then 1t 1s reasonable to suppose that the former explanation 15 possibly the more
correct
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Houghton has pointed out that massive atelectasis usually leads to disaster,
pleural infection and contralateral spread being a frequent sequelae, and argues
thus that bronchial occlusion instead of being beneficial m the closure of
cavities 1s harmful  This cannot be accepted unreservedly 1t is correct that
atelectasis from any cause constitutes a handicap to the patient if only on physto-
logical grounds  The signifi of massive is, that is lobar or multilobar,
15 an index of widespread iavolvement of the mucosa of the bronchial tree and
can equally be taken as an index of the pattent’s poor reststance against his disease 3
supenimposed on this 1s the severe interference with the vascular bed in the
atelectatic lung which limits the focal defence mechanism in the affected drea
and predisposes to extension, often rapid, of the disease process.  Houghton in
noting that cavities 1n atelectatic lobes often persist, uses this observation to
controvert the theory that occlusion of the bronchi draining the cawity does not
lead to cavity closure  Tius concluston seems attractive at first, but on careful
exannnation, 1t appears that the so-called bronchial occlusion cannot be complete
because the cavity 15 ar filled, and 1n some cases can be seen to balloon in the
atelectatic lobe, evidence in itself that the lumen of the cavity 1s still in communi-
cation with the bronchial air stream, and there is probably still an expiratory
check valve action in the bronchus

Whichever of the above conceptions 1s correct it is agreed that concentric
relaxation of the fung gives the highest rate of cavity closure in those cases that
will not close by conservative means, that 15 bed-rest or chemotherapy, or a
combination of the two )

Surgical tnterventtons employing the p ple of ion are (1) arttficial
p horax, (2) drap paralysis with or without pneumoperitoneum,
(3) extrapleural artificial preumothorax, and (4) thoracoplasty

ARTIFICIAL PNEUMOTHORAX

Introduction of ar 1ato the pleural space relaxes and partially collapses the lung ,
as may be seen oa the x-ray screen, Tespiralory movements contiue but to a
dumintshed extent The induction of an artificial pneumothorax 15 stmple and,
if certain elementary precavtions are observed, almost devoid of risk 5 refills are
even more casy and safe  Ia so much simplicity there lies considerable danger
as the selection of cases and the choice of time call for great care and.conslderable
expenence, and the management of an artificral pneumothorax requires constant
vigilance if the best results are to be obtaned .

Indications and contra-indications

Pneumothorax treatment 1s indicated 1 the following types of case :

(a) Unilateral ca;ltlanon—hp}v:/cvcr ls.ma]] -

-cavitated lesions with positive sputom

g’)mﬁ"b: kept (n mund that histological examination of a Jung may show gm:il
cells, caseation and cavitation in a leston Jess than 1 miflimetre tn c!l:}mctcr any
therefore quite mvistble on an x-ray film  An infiltration with Vposm;cbzgu(ur?
probably means cavitation ; 10 such cases a prch.mmary ?enod do . l;]re; y
perhaps bined with P in and p acrd shoul e
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prescribed 1 the first place, the decision to do an aruficial pneumothorax fater

depcndmg on the paucm s progress, home environment and work. Poor progress

for collapse therapy insuchcases

(c) Non-cavitated lestons without tubercle in the sputum  Artificial pneu-

mothorax 15 only indicated if such lestons tend to spread 1n spite of general

treatment
T

laryngstis 15 an not only for but for cavity
closure 1o prevent reinfection  Diabstes 15 an addmenal reason for active treat-
ment

The types of case in which this treatment 15 contra- mdncated include -

(a) Fresh, caseous lesions in a highly active state may give excellent immediate
response to pneumqthorax treatment, but the risks of tuberculous gmpyena,
atelectasss and distesision cavities are so great that preliminary treatment designed
to reduce \he degree of activity 1s essential  Bed-fest, streptomycin and para-

acd, 1toneum and phrenic crush should be used in the
first place , aﬁcr several months arfificial pneumothorax will prove sutable 10
a considerable proportion of these cases , 1n others destruction of the fung will
be found so extensive that resection or thotacoplasty after a longer delay will
gve a better chance of arrest.

(®) Tub:rcu\nus bmnchml sténosis 1s an absolute contra-indication to artificial
py 1s indicated wherever this condition 15

suxpec(ed

(c) Fibrotic apical lesions with cavitation and contraction give much better
results with thoracoplasty than with artfial pneumothorax In such cases
collapse, 1f obtainable at all, 1s nearly always contra-selective, adhesions are
difficult, dangerous or impossible to-divide and 1t 1s better to prepare the patient
for surgteal treatment in due course rather than to expose fum to the additional
risks of an artificsal pneumothorax which will almost certainly be_neffective

Provided the wital capacity 1s adequate an active lesion 1n the better lung is no
contra-indication

Age —Aruficial 15 well tolerated 1n adult types of
phthisis 1 children  Elderly patients tend to stand collapse therapy less well
In this age-group fibrotic forms of dlscase are more common ; not only are they
less ble to artificial but vital capacity 1s reduced
and cardiac strawn correspondingly increased  Careful assessment of such factors
1s required 1n patients between 50 and 60 years of age and above the latter age
wmdications need to be exceptionally strong to Justify collapse treatment

Pregnancy —Artificial pneumothorax treatment gan well be started dunng
pregnancy but if the case 15 not diagnosed or not ready until the seventh month
or later the operatian 15 best postponed until after delivery,

Heart disease —Mnml stenosts, the commonesl severe cardiac lesion of young
adults, 1s rarely with p 'y : when the two occur
together collapse therapy is not contravindicated provided ion is good

Asthma ~—The pure spasmodic type of asthma with lttle or no lung damage
does not contra-indicate collapse therapy More chrome types with fibrosis and
emphysema are unsurtable subjects for aruificial pneumothorax
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Induction -

Apparatus—One of the siphon type of apparatu
Pearson or the more modern Stott 1spbesl forp Fhe in;ui‘::::n.azﬂ;:z; I:n,;‘;ﬁ;;'l:
box 1s required the Maxwell 15 both conventent and relable.
N ;::f::‘dgé‘;sl;o; tl‘\:l :;:d\:gluan asshatp shor.!-bcve\ needle esther with closely fiting
Rl ewmrch " stilette (Saugman) is to be preferred to the thick blunt

Poﬂ(m{rpof quires incision of.thc skin if excessive force 1s to be avoided.

patient.—For the mduction the patient lies on the good side with

1 pillow transvers;ly under the chest and another for the head. It is important
that the gﬂ'ected side should be convex and well stretched. After cleansing of the
skin 2 yr‘ulhhtrcs of local anaesthetic (2 per cent Novocain) should be injected
first raising a small wheal (if adrenaline 1s used with the Novocan a slough
may result) The intercostal muscles are hardly sensitive and there 1s no need
to waste much anaesthenc mn them , as the needle slowly approaches the parictal
pleura a little pain will be experienced ; this is the level at which at least half
the anaesthetic should be gven ; further advance of the hypodermic needle should
be paimnless Puncture of the lung 15 harmless, air and a little blood will enter
the syringe on pulling up the piston. Injection of Novocain mto the lung is not
only useless but apt to produce coughing

Site —The usual site for induction is the third or fourth space 1n the mid or
anterior axillary regton ; 1f the underlying lung in this part 1s discased another
site should be chosen.

After a wait of at least 2 minutes the induction needle should be inserted
slowly, by cautious procedure 1t 1s usually possible to feel the parietal pleura,
a sudden dimi, of di that the b has been pierced.
This 15 the ime for taking out the stiette and reading the manometer—a sustawned
negative swing of 5-10 centimetres of water mdicates that the needle pont 15
1 the pleural space. If the layers of pleura are stuck together or if the operator
has overshot the mark a pulmonary swing will occur the pressure varying about
the zero mark, for example—2 +2 A shght negative pressure may be found
just before the parietal pleura 1s pierced ; its amplitude 15 always small

‘When a satisfactory pleural swing has been found air may be introduced gradually
——the water level of the fluid 1n the 2 bottles should be kept the same so that
air 1s sucked into the chest rather than being blown 1 It 1s best to keep the

working th hout the i as this will warn the operator at
once should the point of the needle move from the pleura  Readings should be
taken every 50 millilitres , provided that they remain negative 300400 milliitres

posttise pressure with a smaller amount shows thata small pleural
e chances of a satis-

may begiven A
pocket has been entered , another site may be tried but th

factory artificial ppeumothorax resultmg are small
After the mduction the patient should not change his positiont for half an hour
_this reduces the incidence of surgical emphysema A sedative for the first night

15 usually required

Refilling
The first refill should be given the next day, the second, 2 days later after
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which 1t 15 usual to take an x-ray picture management bemg gurded by the result
shown Until x-ray has shown the blist of a good pleural
air space, a Jocal anaesthetic should be used and the needle inserted slowly. For
subsequent refills the writer's (A M) fine sobd-pointed needle with side opening
has the advantage of making local anaesthesia unnecessary It must be kept
sharp and dry and insertion must be raprd and ntercostal
C ications of th
Awr embolism

Air embolism 1s the only serious immedsate nisk ; 1t 15 prone to occur m shallow
artifictal pneumothoraces 1n which there 1s difficulty n finding the pleural space,
Obliterative pleunsy closing the previous refill site 1s a common cause and should
be guarded against In a lung indurated by disease the vemns are held open by
fibrous tissue and simple puncture of the lung may be sufficient to establish a
connexion between air space and ven  Embolism may also occur through the
intercostal vemns and follow venous anastomoses to the bram  Cerebral ar
embolism shows stself by visual disturbance, X: an Yy
of arm or leg or by loss of consciousness  Should any of these symptoms occur
the needle should be promptly withdrawn and the patient’s head lowered,
\Coronary embolism may result in sudden death and 15 the probable cause of most
cases reported as ** pleural shock ™
Pleural shock

‘When aflowance has been made for coronary air embolism, 1diosyncrasy for
local anaesthetic, status lymphaticus and the tendency for cardiac inhibitton to
result aftér shght stimuli 16 the near monbund 1t 1s doubtful if there 15 any place
left for pleural shock, that 1s a cardiac inhibitory reflex from the paretal pleura,
Tt used to be taught that failure properly to anaesthetize the pleura favoured the
occurrence of pleural shock but this 1s not true as 1n most recorded cases
a local anaesthetic has been used whereas most refills are now given without
Mediastinal displacement, due either to too large a refill or to too low a pressure
with aspiration of fluid, may cause the sudden onset of auritular fibnflation with
assoctated shock
Traumatic preumothorax

Puncture of the visceral pleura cannot always be avoided at the mduction and
may also occur with a shallow pleural space  Provided the portton of fung
punctured 15 healthy the aceident 1s not a serious one  Patients should be warned
to report any shortness of breath after a refill , 1n such cases radiographic exam-

. . Coe g e
connected with a water seal Even with 2 wide bore needle obstruction with
serum soon occurs and frequent cleaning with 2 stilette 1s necessary The writer’s
(A M) tension pneumothorax apparatus has been designed to meet the princi-
pat difficulfies of this grave complication
Haemothorax

Haemothorax, from puncture of an intercostal vessel 1s a rare comphcation
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Blood 1n the pleura should be aspuated and the space washed out with sterle
sahine sotution

Management

The rate of absorption of arr through the visceral plenra is varable, and the
correct spacing of injections and amount of ar can only be gauged by regular
screening before each refill Large nfrequent refills treating the jung like a
concertina are best avorded ; 1n an average case 2 or 3 weeks of frequent refills
are sufficient to establish the optumal degree of collapse which can be maintained
by weekly refills of not more than 500~600 mullilitres  After the first year the
interval can generally be increased 1o 10-14 days but a constderable number of
patients continue to require weekly refills for 2 or more years

In some cases, particularly in young subjects, the mediastinum 1s very mobile
and 1s displaced to the opposite side before much collapse of the affected lung is
obtaned , such cases require small frequent refills .

Since cavity closure 1s the main object of collapse therapy careful x-ray super-
vision of cavities 1s an essential part of actifictal pneumothorax managernent.
Pleural adhesions are frequently present and as these are due to involvement of
the pleura mn the disease they are most commonly attached to the lung in the
vicinity of the cavaty - . . . : Momes emiad
When thoracoscopy
bast course in most
prepare the pauent for some other method of collapse  Occasionalty an apparentiy
unsatisfactory artificial pneumothorax results i cavily closure, 1n such cases
the artificral ax may be d but the p y Lc.'(cavared area
should be regarded with susp and ser1al h are )

Relaxation of the lung usually results in cavity closurg in the course of a.rew
weeks but occastonally the reverse happens and the distended cavity projects
Itke a balloon from the surface of the collapsed lung T}}ls s"“‘“m“. is one of
great danger as rupture may occur and the pleura become infected ; air must be
withdrawn proroptly, the patient put to bed and mven streptomycin agd para-
ammosalicyftc aced  These measures may be followed !>y drmination an c).osurc
of the cavity before the lung 1s fully re-expanded and in such cases the artificial

B e ety ine e lyed . iy b sl by
o necessary  When cavity closure 1s delayed 1f
xlrl;zsgel;:moum ny coflapse to ;ind a postton in which cl(lxsurse 1akes pk;lccs ,c . U)l:
lung should be kept 1 this position by frequent small refills Some c:n‘u 6 ho <
when the Jung 1s well collapsed, others only ’\Vhen collapse 1s mimmal ; go darl
and fast rules can be laid down, each cavity must be the subject of indrvidual

study.

Atelectasis .
Sometimes duping the course of artificsal pneumothoray treatment, wsually in
the early stages, a lobe, or a portion of a lobe (oc_caswnally a whole [ung), may
become atclecm‘uc. The lobe or segment affected is usun]l);l the ;:;rtl n{ :he hini
5 shows tha
t serjously diseased and x-ray
:cl)‘;:pklc s:kzxivc collapse of the diseased area has been obtamed the cavity
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TREATMENT OF PULMONARY TUBERCULOSIS
;loud;t‘ A vnne_;y 02 solutions have been used for pleural irrigation of which

and p 1 actd
‘l;ut results can only be described as fair and ::rlfc:gjlx:sén?gf:rl:; :etr:ar::smal

angerous conditton with a high mortality  Pleural wash-outs which should

be done at least twice weekly and the of a low ji ressure
(0ot too low or cardiac disturbances may result) should cause paruaf 1f not
complete obliteration of the pleuralspace  When ths1s only partial and symptoms
of toxaemia persist thoracoplasty 15 ndicated. The further the fung can be
re-expanded prior to the operatton the less extensive will the b resection have
to be  Thoracoplasty 15 not mdicated wn all cases of tuberculous empyema
in some it s contra-indicated by the conditton of the oppostte lung, in Olher;
although a few tubercle bacills persist in the fluid the general condition is satis-
factory, formation of pus slow and the prospect of recovery by conservative
treatment good Such cases may require aspiratron at intervals of 3 to 12
months, others can be left alone completely.

Broncho-pleural fistula
Broncho-pleural fistuls from a ruptured tuberculous cavity ensures infection
of the pleura and prevents re-expansion of the lung Surgical treatment 1s
reqmred
DIAPHRAGMATIC PARALYSIS
The obvious gfrects of paralysis of the phremc nerve are the elevation of the
! ! =77 seemeese Tlaoangn of the diaphragm decreases
» vertical relaxatron
¢ posterior part of the apex
of the Jung depends on the active mspiratory descent of the diaphragm i the
foll g way the d ding henudiapt through the attached ligamentum
latum pulmonis, pulls the lung root downwards and forwards, and in this way,
the area of the fung, above and behind the root, 1s made to expand. It is certanly
true that the degree of costal separation of this area of lung is minimat -

It 1s concewvable that, when the lung 15 free withuin the pleural cavity there
is a certain degree of umform relaxation throughout the whole lung, but the
asprratory pull, or its lack, is felt 1 the vertical direction

Paradoxical movements apparently have no beneficial effects, rather the reverse,
certarnly so, as judged by the observanon that paralysis of the dtaphragm, in
d to th 1 the nsk of atel of the lower

patients A
lobe between 2 and 3 times  The addition of a pneumoperttoneum enhances the
value of diaphragmatic paralysis, not only by the increase in the height of etevation

of the daphragm, but also posstbly m the decrease in the degree of paradomcal

movements
Draphragmatic paralysis 1s what may be termed 2 long distance method of

relaxation, and when cavity closure foifows 1is use, thus prabably results from
the elimination of the mnsptratory tug on the dramning bronchus, the dissppoiniing
results can be explamed on the thesis that the draining broncht are sl subject
to the lateral mspiratory pull of the chest wall

Interruption of the phrenic nerve may be either temporary of permanept
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ARTIFICIAL PNEUMOPERITONEUM

1t 15 theeapeutically useless and does not add to the patient’s confidence  When
the operator behieves that his necdle has penetrated the petitoneum arr should be
run n slowly with a positive pressure of about 10 centtmetres of water ; a small
and gradually smereasing positive pressuse will then be recorded by the manometer,
Air rapidly spreads over the abdomen and dimmution of liver dullness 15 soon
observed

Approumately double the amount of aic required for pneumothorax 1s given ,
from 600 mullilitres to 1 litre being useal for an induction and refills, the first after
two days and subsequently weekly, of about the same amount being required
The same site may be used as for the nduction or this may be changed to the night
side 1 cases g which the right phrenic nerve has been crushed as in such cases a
large ast bubble will be present on this side and the risk of ijury to the gail bladder
will have become neghgble
Complications

Atr embolism 1s much less to be feared (han with pneumothorax and few
cases have been recorded

Perforation of stomach, bowel or gall-bladder may occur especially 1f perttoneal
adhestons are present but the results are rarely senous  Occasionally a defect of
ane side of the daphragm results tn pneumothorax

Penitoneal effusion 1 pneumoperitoneum treatment s much less common than
is pleural effusion 1n artificial pneumothorax treatment  The presence of tuber-

culous p the onginal cond: for which ntoneum was used,
is now d a d and the development of a Targe effusion
calls for the cessation of the treatment

Management

In cases in which pneumoperitoneum 1s used merely as a stage in a planned
course of attack on the disease the optimum moment for 1ts replacement by
artifictal preumothorax or thoracoplasty will have to be chosen  When preumo-
penttoneum 15 the sole method of collapse therapy employed 1t should be kept up
as a rule for 2 or 3 years  When, as 1s usual, phrenic crush 1s combined with

1toneum the return of t must be watched for on
the screen and the nerve re-crushed if necessary

EXTRAPLEURAL ARTIFICIAL PNEUMOTHORAX
arteficral 15 established operatively A scgment of the

fourth, fifth or sixth nib 15 resected and the pleura with the underlying lung 1s
stnipped away from the chest the dome of the hemithorax and the
mediastinum to the £t LT et
_endothoracic fascra :
to the chest wall % '
cases the parietal pleura can be mobilized from the whole of the chest wall and
the outer half of the diaphezgm, tesulting 1 complete extrapleural artificiat
pneumothorax

R atlifictal horax thus d the d main-
taining in an intrapleural one, relative to the area of lung mobilized, 1n that it 1s
concentrically relaxed (see Fig 152) It differs, however, from the mtrapleural type,
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TREATMENT OF PULMONARY TUBLRCULOSIS

an}l most prohab}y results from the dislodging of a clot from the mouth of a
veirr, 'I:he first sign of haemorrhage s most commonly dysproea, due ta the
u ical :{l‘ccts of the coll of blood, collapsing the hung on the operated
side, displacing the medmstinum and thus decreasing the volume of the
opposite {ung, and the decrease w the cardiac intahe resulting from the pressure
on the vena cavae  Added to these mechameal eflects, is the actuat loss of circufa-
ting blood volume °

Treatment fvTht prime aecessity 1s to replace the tost blood by transfusion,
The mechanical effects are rectified by asprration of the blood from the extea-
pleusal space  Care should be taken to perform the aspiration above the Jeve!
of the pleural reflevton because uniess the pleura has been stripped further by the
haemorrhage, the needle may be pushed through a fringe of jung and the space
may be mfected. [n most cases, clotting takes place and space cannot be emplicd.
If, after due trial, aspiration s unsatisfactoty it should not be persisted with,
Tt wilt be necessary to reopen the wound and remove the clot, using parenterat
and focal penscilin cover  Fatture to remove the contained clot will lead at
best to partial if not complete obliteration of the space and at worst to Jate infece
tton of the space.

Infecnion

Infection of the space may be pyogenie os (uberctdous.

Progewe mfection —~This 18 duc to faulty technique and should not occur.
1f and when 1t does occur, it should be easily controlled chemotherapeuticatly,
if the organisms are sensitive to the varfous chemotherapeutic agents at our
disposal ‘

Tubercidous infection —The cause of the above has been discussed, and obviously
prophylaxis 1s better than cure  However even with the greatest care in the selec-
tion of cases, tuberculous mfection of the space will ocour 1n & cettain percentage
The wfection generally comes on about & moaths after operation.  The onset
is quiet and recognition depends on needhing the space i which a fivid level has

or tadiol

been d rad Hy lly The ourse of the disease is
quret, acute phases such as occur with the mtraplenral type are notably absent ;
the reason for this 1s probably to be found  the fact that the pulmonacy lesion
1s bettes controlled 1 the extrapleural type, whereas in the intrapleural type,
the precipitating cause of the pleural mnfection is the imperfectly relaved and
uncontroled pul 'y tesion i

Treatment 1s conservatne  Aspiration of the space, leaving the pressure hxgh{y
negative, 1n the large magonty of cases produces w a week of two 3 dramatic
change 1 the aspirated flud which becomes Sero-sanguineous. The pressurcs
afier § month shauld be left at atmosphene level and the fluid wilt ab;orb, the
artifictal pnenmothorax then can be carned on as usual, Egpen:nc: u{xth strep~
tomycn n thrs type of case ts not at preseat suffictent to give a definite zulmg,
but Hs vse i tuberculous mfection m the extrafascial thoracoplasty spaces is
sufficiently good to warrant its advoeacy i the ex(mpleu({:l cases

Post-operative core ~There are iwo apparently contradictory ines of 1rmm_cnt
advocated mn the post-operative management  The first advocates frequent aspira-
tion in order to heep the cavity 2s dry as possible up to the tme when the cavity
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THORACOTLASTY

becomes dry The other states that aspiration should be as infrequent as possible
and only undertaken 1f haemorrhage has been suspected It has been found
that the space becomes dry about 1 month followsng operation despite the type
of post-op The advant of is that the
sk of infection 15 markedly decreased, esther by failure m aseptic techmque,
ot 1nadvertent lung damage, and 1t certainly scems that judgmg by the ultimate
result, frequent needling offers no commensurate advantage  'When the space 1s
well established and dry, the pressures 1n the space are usually left at each refill
on the positive side, a mean of + 10 + 15 In the early slages, however, a mean -
atmospheric reading 15 preferable.

THORACOPLASTY

Thoracoplasty 15, for the following reasons, the most serious operation used to
produce relaxation of the lung T

(1) The extent of the intervention, mvolving as 1t does the resection of a varying
number and length of ribs with perhaps the addition of apical mobihization,
constitutes a much more serious procedure than that used for the production
of an artificial pneumothorax

(2) The direct result of the nb resections 1s that the chest wall becomes flail
and the underlying lung 15 thus subject to paradoxical movement and 1t 1s 1n this
latter respect that the chief cause of severity lies

The effects of p: m ths are two-fold, physio-
logical and pathological

Physiological effects
The movements of the uncovered arca are the reverse of normal, tn that during
nspiration, aie 1s drawn from the uncovered area wnto the parts of the lung which

are subject to normal y ts, and during expr , air from the
normal areas, not only ts forced out through the trachea, but also back mto the
unsupported area of lung  This of air 1s to

1ncreasing the pulmonary dead space, and tn addition the air entering and leaving
the aflected area 15 already deficient in oxygen and has a high carbon dioxide
content  In essence 1t 15 the same pendulum swing of arr which oceurs between
the collapsed and uncollapsed lung when an open pneumothorax 1s present
Doubtless the other harmful effects of an open pneumothorax, medrastinal
movements with their reflex disturbances and lack of aspiration on the big vessels
leading to deficient cardiac filling and in consequence output, occur as well but
n a lesser degree  The severity of this nterference with the cardio-respuratory
reserve will mamfestly depend on the volume of lung and the area of the chest
wall subject to such paradoxical effects

Pathological

The other danger of paradoxical movements 1s the mcreased risk of broncho-
genic spread  Secretions which may be expressed from the affected area of the
lung are expressed at the crucial time when the areas of normal lung are expanding
Theoretically the normally expanded areas of lung are equally etfected, but the
contralateral tung maintains 1ts normal cough mechanism  On the operated
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TREATMILNT O PULMONARY TUBERCULOSIS

f)‘get‘h ?ocué:::ri‘ al:wb:;(pulsive eﬂm;il 1hs 1mpaired, because the normaf architecture
Yover port o n interrupted by the nb sesections  In practice, it js the
porttons of thelung on the operated side which bear the brunt of this broncho-
genic extension
_Appreciation of the above factors is the mam reason for performing the opara-
tion of thoracaplasty in stages, so that each ntervention will liberate successive
areas of chest walt and feave sufficent time between the stages to atlow of a
certain degree of consolidaton to oceur of the area previously liberated
Operative technique N

The operation 1s done under Jocal anaesthesia, through 2 J-shaped incision
which roughly follows the vertebral border of the scapula, nearer (o the vertebral
spinous processes than the scapula itself and curving forwards below the Jatter’s
mferor angle

After reflexion of the scapula by detachng the serratus magnus from the rihs,
the ribs, most commonly the first to the third, are resected. The apex of the lung
1s now mobilized 1 the extrafascral plane from its attachments to the vertebral
colarmn and the mediastinum, rdeatly as far as the hung root.

The secand stage ts carried out a fortmught later, again under local anaesthesi
and through the same meiston  In the average case, portions of the fourth,
fifth, sixth and seventh ribs are resected and further mobihzation of greater or
lesser extent 1s carried out in the costo-vertebral sulcus and if pecessary on the
mediastinum

The third stage if st be necessary, is done again under focal anaesthesia after
a fortmight’s interval  The lower part of the original ? 1s used with the addition
of an oblique incision running downwards and backwards from the angle of the
onigmnal one. Portions of the eighth, minth and tenth nbs are removed at this
stage,

The length and number of r1bs to be taken at cach stage will vary according
to the condition of the patient and of the Jung (Fig 153) In touccases, in those it
which ressstance agatnst the disease ts judged to be poor, and also in those cases
where the lung ts very soft, small numbers of nibs and Jengths of resection are
indicated , for exampie, it may be deemed wise to resect only the first and a small
portion of the second rib with corresponding apical mobiization at the fisst stage
and comparable amounts at the successive stages. Although 1t is true to say

hns Fomen the techment Dot of view, 1 1s easiec Lo do an extensive mob:hzm;m:
T e

es

f the operation are not the PALLBL 5 VBL LWL Sutgvwn s on
e Wh:np(he apex 1s sohd and firm, not only can lacge resections of the first,
second and third nbs be taken, but also postestor segments of the fourth, fifth
and even the sixth with a ding aprcat bitization be performed,
without adding appreciable 7isk (Fig {54} The interval between the stages
1s simslarly subject to the patient’s condiion The x(}eal length of time between
stages s a fortmght, the apex by this ume 15 sufficiently stabiltzed to warrant
proceeding with the operatson, in a further week the fissues have become |:norc
solid but also more frable and remobilization of the apex becomes ncreasingly
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TREATMENT Of PULMONARY TUBERCULOSIS

Fig 153 (cont)

Despite these considerations, however, there is no warranty for

more difficult
proceeding with the next stage unless the patient’s general condition will allow.
The extent of the operation should be determined on the pre-operative radio-

graphs. As a general rule, nb resections should bs carried out to include the
whole of the diseased area and nib space below it The danger is usually to himuit
the extent of resection necessary and to leave an area of dsease unrelaxed.

Case Report J W
Female aged 24 years
September 1944 Admitted to hospital with 2 years history of pulmonary tuberculosis,
left artificial pneumothorax having been tned  General condition fair  Sputum postive
acity 1,0
Vital capaeuy 1000 C ke e e R over
+ teoor ends of
. ¢ uncventful.

e segments of

13 on runming

Complications
There are certamn accrdents of the operation which are of genéral interest,
Perforation of the pleura —This 15 not an uncommon accident, especially so
1n the relatively early case, and has no serious sequel Experience has shown
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aged 29 years Bilateral
aty tuberculo-
submitted  to

bilateral thoracoplasty

(See Case Report WS}
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TREATMENT OF PULMONARY TUBERCULOSIS

only, but 1t may be permanent, and in these cases, is due to division of the
sympathetic, which 1s often deliberate in cases where the apex 1s very adherent
1t 15 but a small price to pay for a successful cavity closure.

Damage 1o the thoracic duct —This again is often unavoidable 1n adherent
cases I recogmzed and dealt with, it leads to no disability In a number of
cases in which the thoracic duct has been higated, no alterauion in nutrition has
been observed, in fact all cases have put on weight, probably as a result of the
efficient control of their tuberculosts

Opening of the cavity—This 13, of course, a sertous accident, but if the cawity
15 closed and the apex mobilized sufficiently, 1t can be expected with reasonable
certainty that nothing untoward will result

Plombage with plastic materials

Many mo: of the ion of th plasty have been devised, the
most valuable bemng that described by Cletand (1950) :

The principle underlying this operation 1s the mobulization of the apex of the
Tung, with as lutle disturbance of the bony thoracic cage as possible, and the
maintenance of the apex in its relaxed position by means of leucite balls placed
mn the residval space N -

Small portions of the second and third ribs are removed to allow of mobilization
of the apex which 1s liberated sufliciently to relax the discased area completely ;
the space left within the bony cage 1s then filled with leucite balls whch are left
m situ permanently, unless some indicatton for their removal anses

The operation, when performed by Cleland, gives good results, although closure
of the cavity takes a longer time to achieve in the average case than with the
standard extra-fascial operation '

The advantages of the operation are that the degree of deformuty is less than
with the al of the Jupg 1s avorded, and
thus the operation can be performed 1n one stage. The disadvantage of the
operation 1s the insertion of a foreign body. Although pure leucite seems to be
free from able reactrons, 1f ion occurs, removal of the feucite balls
becomes imperative, and the closure of the residual space 1s correspondingly
difficult  The author has no personal experience of this operation and reports
from different centres, apart from that quoted above, are varied

dard 3

Post-operative complications .
The chief complecations are those of atelectasis and spreac! of the disease,
both resulting from bronchat aspiration and tuberculous infection of the extra-

fascial space.
Atelectasis
! is depends wholly on the

i blished f post: ative
e 2 d out 1n the seres.

1 ol T
p q N
Franuancy with which radiological examination has been cartie
* to-s - —nwee-of hours,
» examina-

s, but it s
_ser degree -

probable that 1t occurs 1 about bU Per Cell O Luses wu w grfuele
Clincally these cases can be subdivided into three clinical groups
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Fic 155 — Female,
aged 39 years  Failed
thoracoplasty nght side
with persntent cavity,
scattered  infiltration
Xft apes, submitted
10 re-operation with re-
mobilization of apx¢
(Seoe Case Repart CR)
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Tuberculous wfection of the extrafascial space

This complication has, without doubt, increased with the extended use of
apical mobihization 1n the more advanced cases.
. ']'\fost ly the " -_ m ifests atself any time between 6 and 12 weeks

g the op igh 1t may occur earlier. Its cause js not always

casily determined, quite obviously it must come from either the Iung or the
lymphatics or lymph glands. The latter 15 probably the most common source
Pathological exammation of glands removed at operation show that a gh
percentage are the seat of a tub 1! fecti and, ly enough,
not an insignificant number show typical sarcoid changes In one personal
case, a quet necrosis of the cavity wall occurred following operation, leading
to mfection of the space, the cavity was sewn up and closed, but the infection
of the space persisted

Before the advent of streptomycin, this lication was almost
but the results obtamed with the use of this drug have been most encouraging.
If the condition can be recognized early and treatment with streptomycin com-
menced promptly, the majority of these cases will heal spontaneously.

Pyogenic infection of the space does occur, but its control, once recognized,
1s relattvely simple.

Bie

Post-operative care

Post-operative management of the case 1s
of the incidence of atel and they of scoliotic and postural deformity

Atel 15 d by the patient to raise hts secretions
Tius entalls close supervision, assistance by the nurse with manual support of
the operated area to assist coughing, posturing of the patient on the sound side
2 or 3 times daily while coughing to enable him to empty the operated side, and
the exhubttion of expectorants, such as sahme evpectorants and ammomum
carbonate, 1f the sputum 1s visaid and tenacious. Coughing tn the early pre-
operative days is painful, and morphine should not be withheld,, to do so 13
not only unkind but harmful as the patient will suppress his cough rather than
face the pan. Morphine, } grain, should be given 4-hourly 1f necessary, larger
doses will tend to dull the cough reflex

The paradoxical movement of the operated side can be decreased by strappmg
the chest and the fixation of suitable pads over the mobile aress.

For : ' ' et R
therapt
knows "

The exercises are directed to maintamimg the correct position ot 1ne hitdu and
spimal column and the movements of the arms at shoulder joints and scagulae
Afian tha cerond stage. When the scapula 1s embedded in fn"n‘t of the eighth

dirccted mainly to the minimizing

for the relief of pain. . .
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CAVITY DRAINAGE

Results of thoracoplasty

Total number of cases (freated 1n (wo Institutions) . .. 518
Early mortality {patients unable to feave hospital) . B 35 (10650
Number of cases followed up . P . 421
Cavity closure and sputum negative or no spuum . . 338 {803%)
Cavty unclosed or sputum posittve - . o a1 (970
Late mortality  before [ year . .
after Lyear . B 34 42 (1o
Cases msufficiently followed up . B . 6
Cases operated on Jess than 1 year ago .. . 36

CAVITY DRAINAGE

The benefictal effects from cavity dratnage stem from two chief underlying factors
Elimination of the mflationary element 10 the cavity which s depeadent on the
expiratory stenosis, leads to first an improvement sn the blood supply to the
cavity walls, and 1n consequence, If the patient’s fesistance aganst his disease
s good, the mittatton of healing of the tuberculous process, and secondly, 10 a
dectease 10 the size of the cavity, because the inherent retractlity of the putmonary
tissue 15 nat now impeded by the teasron within the cavity  Often secondary
advantages also accrue, the secrettons from the cavity wall now discharge wa
the dramage hole, and 1n cough and the prod of sputum 1s
decreased  Cawvity drainage niself, however, does not alter the condition of the
dramnng bronchi  Disease in the latier situation needs specific treatment durected
to the bronchi themselves, either to imduce their closure, or possibly to the re-
establisheng of free open dramage  Closure can be brought about esther by
ddi P such as th L or by further increasing
the stenotic 1endency by the applcation of chemical escharotics  There 1s some
evidence at present to suggest ithat the combinatron of toprcal and parenteral
streptomycin with cavity drainage may so rc-establish free bronchial dramage
that the cavity may close
Cavity draraage 1s carried out after the method intraduced by Monaldr o
some_modification of 1t A tube 15 mserted through the chest walf and lung into
the cawity, after having previously determined that the viscera! and parietal
pleurag are adherem over the site of dramage  The latter )s most important,
as any attempt to dram the cavity across a free pleura will anevitably lead to an
empyema In the Monaldi techmque, a small bored catheter 1s introduced
through a special eannvla  The catheter 3s then attached to a suction pump,
suction 2t a negaine pressure of 4 6 centimetres of water 15 carried out from
8§ to 10 hours a day  The d of this form of 15, as wndicated
above, that the bronchial openings afe not accessible to treatment  The advan-
tages are that many cases, with large cavities and a great deal of sursounding
filtration, can be made fit for thoracoplasty The majorny of cases 50 treated
unprote 1 thewr goneral condition and thetr resstance against their discase
mmproves  Doubtless the period of nme under strict observation and hosprtal
or sanatorum conditions which follows the dramage procedure pliy a consi-
derable part 1n producing this improvement. It cannot be punsard, however,

415




TRD\TMENT

OF PULMOW\RY Tunt RCULOsIS



td)



TREATMENT OF PULMONARY TUBERCULOSIS

Fia. 156 — Female, aged 25
years  Giant cavity left apex
General condition poor, with
constant pyrexia  Artfictal
pneumothorax  attempted ,
abandoned immediately, Mo-
naldi dramage dectded upon
and carried out for fivemonths
Thoracoplasty _carmed  out
with closure of cawity (See
Case Report EN)
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Fia. 156 {cont,)
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Fio 157 — Female,
aged 20 years
Lesion left Tung.
pulmonary tubercu-
losis diagnosed src
monthsiater Cavity
apex of left lower
obe  {See Case

Report 1K)

LUNG RESECTION
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TREATMENT OF PULMONARY TUBERCULOSIS

extensive methods are erther contra-indicated or inefi
eclive, th
1s the operation of chorce e thoracoplasty
Resection, however, 1s not onl i ji i
3 ly indicated but fully justfied, mn cases with
caviies situated 1n the basal segments of the lower lobe when th:’rc is no disease
in the upper lobe (Fig 157)

Case Report 1 K
Female aged 20 years,
Tialy 1018 Rfarq nd amemat

' the aprcal part

December 1946 * Left phrenic re-crush * - -
July 1947 Cavity appeared n night upper lobe and artificial pneumothorax nduced ;

no adhesions
August 1947  Left phrenic re-crush
T\ arnmhae 007 Snd Eahe ae $ee3

L1

Fig, 1572 Rught artificia
with raised left diaphragm ' b
W

o
Fig 1576 Cavity in apical part of lower Jobe
Fig, 157c and F|7 1574 Cavity m lower lobe, tomographs of right side fatled to show
any cavitation , left lower lobectomy decided upon
, 231148 Left lower lobectomy under streptomycin cover, Later that eveming, bleeding
in the pleural cavity and wound had to be re-opencd ; no definste bleeding pomt but general
oozing discovered . this was controlled by fibrin foam
Fig 157¢ (post-operative) Apparent spread in Jeft upper Jobe and right lung No severe
this

Fig 157 3 months following operation shows practically complete clearing of Jeft-sided
spread and very marked improvement of spread on fight side, sputum trace stll positive

Indications

Before resection 1s contemplated for cavitation 1 the lower Jobe, less drastic
forms of treatment should have been tried, that is artifictal pneumothorax,
diaph: paralysis and About 30 per cent of cavitres
will close after these minor interventtons, which should be persisted with for about
3 to 4 months, before a deciston 1s made as to the necessity for radical measures

A combination of cavitatton m the basal segments of the lower lobe and
cavitation n the upper lobe sometimes may mdicate that primary resection \.wn
be preferable to thoracoplasty  1t, however, should be poiated out that resection
can be undertaken 1f thoracoplasty fails, and it 1s probably safer to undertak; a
thoracoplasty 1 the first place, the degree of destruction of the lung influencing
the deciston considerably v X

The condition. of the contralateral lung will sexmus]};in_ﬂggnce [he deciston
Cawvitation n it, will, as a general rule contra-indicate resection, but if the cavity
has been closed either by an artifictal pneumothorax or some other lesser measure,
resection need not mecessanly be ruled out, providing that the extent of the
resection 1s sufficiently lumited. The presence of ]}mlltd nor.x-c::vnaxed paren-
chymal disease, 1f 1t 15 quiescent, does not nec:ssa_nly contra-indicate resection

Tomographs should be taken of both lungs, using at least 1 centimetre cuts,
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6 158 — Male,
32 years
Eight _years Ins-

fateral _ thoraco-
plasty (See Case
Report H W)
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in order to exclude the presence of cavitation. It 1 worthy of note that 1t 1s
always1 possible to palpate lestons n the lung, on thoracotomy, which have not
cen d, d B

L , 10 the P B
in consequence, pre-operative tnvestigation cannot bcytoo careful,
Bronchoscopy should Iikewise be undertaken before resection is undertaken
Gross tracheo-bronchitis or stenosis 1s easily recognized ; not mfrequently,
howeyer, the bronchial mucosa has been reported as normal when histological
1on of the d has proved it to be practically completely
replaced by tuberculous granulation tissue. A biopsy of the mucosa should be
takent when the bronchoscopy 1s undertaken

or at least d, i

Case Report H V.
Male aged 32 years
July 148 Admutted to hospital with history of pulmonary tuberculosis since 1940 This
was followed by two or three perods of sanatorium treatment with return to work at mtervals
June 1934 Patient became worse and the disease was found 10 be bilateral with cavitation i
both upper lobes Agam treated by . . Con s Nen ke
cavities apparently closed = May 1946 ,

h detachment

ce of sputum

Technique
The operatton 1s undertaken with a cover of streptomycin, § gramme of which

15 given intramuscularly twice daily for 3-4 days before operation and 1s con-

tinued for about 3 weeks after the operation

When a lobectomy has been performed, 1t 1s probably wiser permanently to
interrupt the phrenic nerve  Pneumonectomy should be followed by a laterat
thoracoplasty  Both of these procedures have the advantage that they prevent
bseq of the i Iung tissue and the subjecting of
umdentified foct to undue stram,

Many cases have had a pneumoperitoneum induced before operation as a
therapeutic measure and this should be maintained; if this has not already been
carried out one should be induced. The value of the pneumopernitoneum, apart
control of toxaenua, kees in the reduction of the volume of the
it the filiing of the hemithorax by
1 1s necessary

from 1ts value w the
I h, After lob y, this
the remaining lobe  After p
because of the elevation of the diaphragm

It 15 impossible to give an accurate assessment of the long-term value of fung

resectron until a sufficient number of cases have been followed up for S-10 years.
The immediate results of cases followed up to 3 years, is, on the whole, encouraging,
and 1t 1s not unreasonable to suppose that resection will continue to play an
increasing part in the control of the disease
426
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CHAPTER 17

THE CHEMOTHERAPY OF PULMONARY TUBERCULOSIS
Joux CroFroN

THE CHEMOTUERAPY of tuberculosts 15 sr a state of rapid evolution, Many
substances have been reporfed to be bacteriostaue 1o tubercle baclli m itro
but only a very small proporton have an effect on expenimental tuberculosts
in animals, and most of these have proved 100 toxic for use inman  The following
drugs are the only ones i current chinical use tn pulmonaty tuberculosts,

1 Streptomycm

2 Dihydrostreptamycin

3. Para-armnosalicyhc acid (P A S) and uts salts

'4 The sulphones

5 The thiosemicarbazones

6 Anafogues of nicotimamide

Gold salts were advocoted for many years but were toxc and prabably

meffective , their use has now been generally abandoned

STREPTOMYCIN

History

I an attempt to find an antibiotic which would be effective agawmnst bactenia not
susceptible to penertlin, Waksman 1 the United States carned out a systematic
mestigation of soi fungs  In 1944 with s colieagues (Schatz, Buge 2nd
Waksman, 1944), he described a derrved from a sost
fungus Streproms ces griseus, and found that m virp 1t was effective aganst a
considerable range of bactena imcluding Afcobactermm tuberculosis In the
same year Feldman and Hinshaw at the Mayo Clinie tested the new antibiotic
m expenimental tuberculosis 1 guinea-pigs and found sts effect was far greater
than that of any previous drug (Feldman and Hinshaw, 1944 : Faldman, Hinshaw
and Mann, 1945} As the toxicity for animais was also shght they then used it
in man with suggestive results (Hinshaw and Feldman, 1945). Among the large
number of reports which followed the mosl canclustve was the carefully cantrolled
tnal of 1 acute b if by the Medical
Research Councl of Great Brstam (Medical Research Councl, 19482)
Early 1 these trsals st was found that, n 2 high proportian of cases af pulmanacy
tuberculosis, bacsth isotated after treatment were resistant 1o streptomycn  The
most important recent advance has been the discovery (Medical Research Counci,
1950, Tucker, 1949) that the maidence of resistant tubercle bactlk can be very
seduced by giving sodium p-aminosalicylate at the same time as the strepromyon.
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THE CHEMOTHERAPY OF PULMONARY TUBERCULOSIS

Pharmacology
Streptomycin is an organic base with the following structural formula :

STREETOMYCIN

gms T
O
H H :
0 : o——f
e H I,,\r«': Gyer
NH oM ’CCOH N?OH
o7 ] HotH
Hospdrng O—H oy
CHy éHon

————Sreptchguamnt——>

Streptomycin 1s usually supplied either as the hydrochloride, or as the sulphate
or as the calerum chloride double salt A mixture of the fast two salts 1n the test
tube results in a precipitate of calcium sulphate so 1t is best 1 an individual
patient to avord changeoser from one to the other unless there has been an raterval
of several weeks. Streptomycin 15 readily soluble in water. It js stable at room
temperature m powder form 1n the ordmnary commercial sealed ampoules for
at least a year; even 1n solution there 1s no loss of potency for 2 months or
more at a temperature of 38° C. or below The optimal pH for bacteriostatic
actron 1s about 7 7, for tubercle baailli the drug is about four times less effective
at pH 6 6

Dosage

In pulmonary tuberculosis the usual dose 1s at present ! gramme 2 day intra-
muscularly  This has been found to combine maximal effectiveness with mummal
toxicity. It 1s commonly given m a single daily dose

There 1s some ndication that 1 or 2 grammes of streptomycin every third
day, combined with 12 grammes of P,A S. daily, may be as effective clinically
as 1 gramme of streptomycin given daily without PAS  In a trial on a Itmited
number of cases no streptomyctn-reststant tubercle bacilli were isolated after
120 days on the combined treatment (Tempel and his associates, 1950). If these
findings are confirmed such a régime may prove to be the treatment of choice,
at any rate 1n the less severe forms of pulmonary tuberculosis ~ But at the time of
writing not enough is known to recommend this method for general use,

Doses of 2 grammes a day may be given 1n severe cases of miliary tuberculosis
mn adults For children the daily dose should be 10-20 mitligrams per pound
body-weight, with an upper imit of 1 or 2 grammes, depending on the seriousness
of thecondition  From ! to 3 grammes may be given intrapleurally in 10 millihitres
of distilled water. No pleural reacttons occur Administration by mouth, by

hal or nt ly 1s not ded 1n tubercul diti
Streptomycin has been given directly into tuberculous cavities (Tanner and his
colleagues, 1948), but no clear advantage for this method has been demonstrated
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STREPTOMYCIN

Absorption

An sntramuscutar dose of 0-5 gramme usually geves a maximum serum levet
of 15-30 micrograms per millitre at }-1 hour afler injection, falkng to 4-8
mcrograms per mlbilitre at 6 hours A dose of 1 gramme gnes a maumum
of 20-50 micrograms at A-1, falling to 4-10 micrograms at 6 haurs and less than 1
microgram at 24 hours

Distribution

After sptramuscular snjectzon evels i pleutal fluid are usually a Witle Jower
than average serum levels, the level partly depeading on the degree of pleural
nfammation  Scanty dade suggest that concentrations sn tubesculous cavties
may be up to about half the serum level and in sputum rather Jughtr (Steenken,
D'Esaga sad Wolnsky, 1947)  With tateapleural injecttan of o gramme of
streptomyern pleurat fuid levels of 10-160 micrograms per mulliitte and blood.
Jevels of 510 micrograms per mihhitre have been recorded after 48-72 hours,
Excretion

Streptomycin s atainly excreted unchanged by the kedneys  From 60 (o 80
per cent of an ntramuscular dose s lost o the frst 24 hours  The rate of
excrehion then falls off slowly and 1115 passible that, at any rate after the termmna-
tor of 2 course, mupute quanties may be excreted for a matter of weeks
Excretion 15 matnly glomerufar so that caronamsde ss imeffective m enhancing
blaod fevels, but fugh levels may occur of the renal function 15 poor  In such
<ases there should be frequent estintatiotts of the strepromyemn level i the bload
serum and the dose must be appropriately scaled down . otherwise severe toxic
TEactions may occur

Uninary cancentrations of over 100G micrograms per milliitre, which are
not infrequently obtained, may teduce Benedict's or Fehlmg's soluton and
mmic glycosuna

Antagonists

Streptomycin 1s not destroyed by enzyme systems and 15 fot sntagorized by
pus of by PAS  Its actsan s mbisbited by liposseol, ¢ substance that can be
extracted from heart and bran, by cysteme, which 1s employed for this purpose
18 the laboratory, and by some other less important substarces

Mode of action
In sitro streptomyein s bactenostaue to tubercle bacilit 10 2 concentration
of ane mieraeram mer millilitre or less, with some varbon according 1o ihe
. - =T cone
) ime
109,
e . ¥ are
fequired 1n order to kil resung bacdly, m fact very fugh cancentrations may fad
to do 50 (Cosper and Cobn, 1949)  As yet there 1s np clear evidence as 10 how
streptomyain damages tubercle baoilt  Expenments s anunals sugpest that st
s selatively snefiectne in the earfy stages of infection  The bacienostatic and
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THE CHEMOTHERAPY OF PULMONARY TUBERCULOSIS

bactericidal effects become apparent only after sensitivity to tuberculin can be
flemonsh‘ated (Steenken and Pratt, 1949; Jensen, 1949) It may be that the
mmune processes of the ammal are necessary for the action of the drug m sho.
An alternatve explanation is that in the early stages of infection the bacterta
are within cells and cannot there be reached by the streptomyein.

Toxicity

When given for short penods ptomycin 15 relatively toxic; but in
tuberculosts, when 1t must be given for weeks or months, toxic manifestations
are not uncommon  Much the most important 15 the effect on the vesttbular
apparatus

Vestibular disturbances

The exact site of action of strep on the vestit pp is uncertamn
though on the whole the evidence suggests that the primary damage 1s to the
cells of the labyrinth (Tucker, 1949 ; Bignall, Crofton and Thomas, 1951} The
main symptom 1s gddiness With a dose of 1 gramme a day ths 1s usually
encountered between the fourth and ninth week of treatment, with 2 grammes
a day between the third and the fifth week. Giddiness occurs mainly on move-
ment and in the early stages even reading may be difficult, probably owing to
incoordination in eye movement  On a daily dose of 2 grammes of streptomycin
more than 50 per cent of cases complain of giddiness but with ! gramme a day
the incidence is substantually less, usually under 30 per cent, Some cases, who
make no spontaneous complatnt, may show vestibular impairment on objective
tesing  When grddwness 1s shght 1t usually lasts for only a few days or weehs,
even 1f P 15 inued, but when giddi is severe, and especrally
1n middle aged or elderly people, symptoms may continue for many months.
'When there 1s vestibular disturbance shght nystagmus can often bé demonstrated ;
but imparment of caloric reactions 15 the most valuable objective test This
consists of dimnutton or absence of the nystagmus which normally occurs when
water at 30° or 44° C 15 run into the external auditory meatus, using the method
of Fitzgerald and Hallpike (1942). There may be some variation in response
during the course of treatment but when the, caloric reactions have been lost
over a number of weeks they are hkely to remain absent for many months
Eventually there may be some degree of recovery.  Abnormalities in the vestibulas
tests may persist long after the patient has ceased to complam  In such cases it 15
thought that the patient compensates for the loss of vestibular function by using
his eyes and kinaesthetic senses. On close questioning it will often be found
that he 1s still affected 1n the dark or on turnmg suddenly ~ Objectively thisis
best demonstrated by asking him to walk down a line with his eyes closed, though
this test 1s less reliable than the caloric reactions

If a pregnant woman 1s treated with streptomycin there is no evidence that the
vestibular apparatus of the foetus is affected (Watson and Stow, 1948} .

There 15 slight evidence that the use of it drugs prop 11
may reduce the incidence of vestibular damage (Bignall, Crofton and Thomas,
1951). But the evidence at present is ffi to ‘}hm use, except
in those patients on exceptionally large doses of streptomycin, in the elderly or
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. STREPTOMYCIN
1n those with poot eyesight.  In such cases Anthisan 100 mulligrams may be given
4 times a day by the mouth, or Phenergan S0 mulfigrams at mght and Anthisan
100 mulligrams about 4 pm  This treatment must be started at the beginning of
the course of streptomycin and continued throughout

Deafuess and tnnitus

These are unlthely 10 be when 1s used y
1n the doses recommended

Skin rashes and fever

Skin rashes may occur (Cohen and Glinsky, 1949 , National Research Council,
1946), usually within the first 3 weeks of treatment but occasionally later
Commonly the rash is urticanal or erythematous with little or no increase m fever
Such rashes usvally disappear within a few days even though streptomycin 15
S_ununucd If 1tehing 15 troublesome antbistamine drugs are worth gving

the rash 15 by a bnsk febrile reaction and may even
progress to frank exfoliative dermattis  Fever may also occur in the absence
of a rash  Both strep ycin and the a ing PAS should be stopped

in such severe cases, as the reaction may be due to either or to both  After
an interval each drug should be tried again separately When one or more
doses have been given there will probably be a reaction to whichever drug 1s
fesponsible I the reaction 1s due to streptomyein 1t 15 possible i most, 1f not
all, cases to desensitize the patient with small ascending danly doses  Usually
an wtial dose of 0 1 gramme 1s small enough and the full dose can be reached
over 10 days or 50, but 1n some cases 1t 1s necessary to start with 50 or 100 micro-
grams If, 1n an unusual case, iy
tomyain may be tned

Lymplt gland enlargement —Sometimes lymph gland enlargement may accom-
pany the fever, whether or not the rash 1s present  As i1n other drug reactions
the clinical picture may resemble rubella

Nausea and vomiting
Nausea (Bignall, Crofton and Thomas, 1951, Bignall and Crofton, 1949),

and sometimes vomiting, occurs in more than 50 per cent of patients receiving
2 grammes of streptomycin a day, but in less than 20 per cent on | gramme
With the present dosage of 1 gramme a day and when, as 15 now usual, P A.S
5 also being given the nausea 15 more likely to be due to the PAS A delayed
onset might suggest streptomycin as the cause , 1n this case the nausea usually
starts between the second and the eighth week Nausea due to streptomyein
is often slight and transent, but 1n a few cases is severe and prolonged  Such
cases respond well to antshistamune drugs, such as Benadryl 50 millgrams ot
Anthisan 100 mulligrams 3 tymes a day, though these may have to be continued
for the rematnder of the course

.‘l Pagaesthesae round the mouth occur oceasionally, often soon after starting

* Ureatment, but clear up after a few days or weeks

Blood changes
Eostnophiha 15 found quite commonly but 1s ummportant (Tucker, 1949)
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Urinary changes
Albumununa (Tucker, 1949) may occur, especially i
A 2 ally in children on high dosa,
Serious kidney damage 1s rare, but there ,mny be some nisk of added %nmngchcn
c:;ses whose renal function is alrcady impawred. In such a case the advisability
of giving ptomycin must be dered with particular care and the strepto-
mycin dosage lled by repeated serum estimati

Vitamm deficiencies

Sore tongue, mouth ulcerations, excorated hips, and dermattis of the scrotum
have lL)r::n described 1n cases on strep in {(Sumner, 1949), and were atinbuted
to r and acid deficiencies (Beham and Perr, 1948) The
dcﬁcrcncy was thought to be due to alteration of the normal intestinal flora
This bas not been proved but 1t 1s worth while giving supplements of thesc vitamins
to such cases.

Dermatitts w handlers of streptomy cin

Dermatitss - those handhing streptomycin (Crofton and Foreman, 1948) is
not nfrequent  Nurses may become sensitized after weeks or months of exposute
The rash 1s most common on the flexures of the elbows and round the eyes, the
hands oddly enough betng less often affected  The degree of sensitivity may be
fcmarkable , some patients cannot even entér a ward in which streptomycin
is being given without developing symptoms ~ An intradermal test with 50-100
micrograms of streptomyein 11 0 1 mullihtre of normal saline solutron gives
a posttive flare, perhaps with a wheal also, usually maximal at 6 hours after
injection but sometimes at 12 or 24 hours The skin test may become postttve
1n the absence of symp , such ndividuals have been ized and may
develop a rfash later. Everyone handltng streptomyein shauld wear rubber
gloves The gloves should be donned before the contamners are opened  Both
gloves and hands should be thoroughly washed after finishing the injection.

People to streptomycin can be d i This has to be done
with care, under close superviston and preferably under cover of antihistamine
drugs The patient should recewve dmly intramuscular doses stacting with 50
micrograms and working up very slowly, over 4-6 weeks, to 1 gramme.

|

Streptomycin resistance
One of the major disadvantages of streptomyctn has been that bacterra may

acquire the capacity to resist its action.

Method of testing

Sensttivity to streptomycin 1s tested m wiro by culturing the tubercle bacillus
from the sputum and from the culture adding a standard inoculum to a series
of tubes contaming media made up with di of in
(Medical Research Council, 1948b). A standard sensitive tubercle baciflus is
tested at the same time and the highest concentrattons in which the orgamsms
When, for instance, the highest concentration m which
ndard grows the strepto-
hat of

grow are compared
the bacillus grows 1s 64 ttmes the highest 1 which the sta
mycin sensiuvity of the test orgamsm 1s said to be 64 times less than tl
the standard, This 1s mow often expressed as a * resistance ratto ” of 64, In the
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United States of Amenica and elsewhere the reustance of a stram of tubercle
bacilli 15 often expressed as the number of micrograms of streptomycin per
millilstre of medium which inhibits the growth  In hquid Dubos medium growth
of normally sensittve tubercle bacilli 1s usually inbibited by from 0 25-0 § mucro-
grams of streptomycin per muflibtre and on sofid media, such as Herrold’s
egg medium, by [-4 mcrograms per muflihitre

Resistance tests with the present techmque take about 8 weeks to complete,
but briefer methods are being developed (Stevers, 1949, Holt and Cruickshank,
19497

Streptomyemn reststance i muliary tuberculosts

Streptomycin resistant strains of tubercle bacill are not often encountered in
cases of muliary tuberculosis under treatment, but they have been recorded
occasionally (Medical Research Council, 1948c)

Mode of development of streptomycin resistance

1f cases of pulmonary tuberculosis are treated with streptomycin alone sooner
or Later cultures from the sputum are fikely 1o yield drug resistant tubercle baaills
It seems that streptomyen sznsttive bacilli regularly throw off very small numbers
of resistant mutants, even n the absence of streptamycin  In a patent under
treatment with steeptomyein, the resistant mutants are at an advantage and wlf
cventually predominate (Pyle, 1947, Mitchison, 1950) When the resistant
bacilli form 0 { to I per cent of the population the route fest usually employed
Wil show the culture as resistant (Miutchison, 1950)  As detected by this test
Tesistant tubercle bacilh usually emerge before the end of the second manth of
treatment  Highly resistant orgamsms are particularly hikely to emerge 10 cases
With extensive cavitation or grossly confluent shadows on the skiagram and 1n
Patients who are very ill befote treatment starts (Crofton, 1950)  The degree of
Tesistance of the orpamisms isolated vanes from case to case  Once resistant
tubercle bacilh are found at all the degree of resistance tn most cases rapidly
Mtains its mavmum and remains about that level, though occastonally there
Tay be temporary reversion. The earhier mm treatment resistant organisms are
wolated the higher usually is the degree of resistance attained (Crofton, 1950)

Permanence of streptomyctn resistance

Once resistant bacillh have been 1solated there 1s seldom reversion to sensitivity,
So that formerly one had to reckon that an individual patient was only likely
to benefit from a single course of streptomyen  Moreover, resistant bacilly
could spread 1o others and give rise to tuberculosis which differed only i beung
insusceptible to streptomycin  Several such cases have been recorded (Furtos
and Doane, 1949 ; Brennan and Wichelhausen, 1949)

When a stran 15 solated of reststance ratco more than 64 1t 15 probable that
t yem will be 1n treatment e aof strains with
Tesistance ratios of from § to 32 1s fess certain It 15 probable that chically
the drug 1s Tess effectave against such stratns, but nevertheless these patients when
treated with streptomyein are more likely to become sputum negative thap are
Palients from whom highly resistant strains are obtaned (Crofton, 1950)
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Methods of combating streptomyan resistance

Various methods of intermuttent dosage have been employed in an attempt
to delay or prevent the emergence of streptomycin resistant tubercle bacilli. Witk
the possible exception of a régume 1n which | gramme is given every third day
(Tucker, 1949), these attempts have been unsuccessful Preltminary resulis
suggest that the giving of sulphone drugs at the same tume as streptomyetn does
reduce the incidence of streptomyein resistant bacilli to an 1mportant degree
Bernard, N and therr colleagy 1950) No ad. data are yet available
about the use of the thiosemicarbazone drugs for this purpose, The most impor-
tant method of strep in r 1s the use of sodium para-
aminosalicylate. It has now been established (Medical Research Counctl, 1950),
that 1f ths drug 1s given orally tn doses of 5 grammes four times a day at the same
tume as 1 gramme of ptomycin daily 1y, there 1s a very great
reduction 1 the proportion of cases from which streptomyein resistant tubescle
bacillt are 1solated  Smaller doses are probably less effective (Tucker, 1949)
Cases on the bined also do hat better clinically and 1t 1s
clear that 1t 1s no Tonger to use ptomycin alone in pul Yy
tuberculosts.

DIHYDROSTREPTOMYCIN

Dihydrostreptomycin (Hobson and his colleagues, 1948 , Carr and his associates,
1949) 15 denved from streptomycin by treating the latter with hydrogen in the
presence of a catalyst  Dihydrostreptomycin hydrochloride is painful on injection
and may give rise to muscle necrosis, the sulphate, which 1s innocuous 1n this
respect, should therefore be used (Lincoln and his colleagues, 1950) Dihydro-
streptomycin 1s less toxic than ptomycin to the t but
probably more so to the acoustic apparatus. A number of cases of dealness
have occurred followng 1ts use (Shane and Laure, 1950 van Gordsenhoven
and Stevens, 1950, Bernard, Paley and Arnaud, 1950) Therapeutically, 1t is
thought to be less effective than streptomycin weight for weight (Veterans Admim-
stration, 1950) Tubercle bacilli resistant to streptomycin are also resistant to
dih p i atients who repeatedly develop severe skin
rashes or pyrexia with streptomycin will tolerate dihydrostreptomycin  This
would now seem to be the main indication for its use, but, as pornted out before,
cases showwng repeated reactions to streptomycin can usually be desensitized

without dfficulty.

PARA-AMINOSALICYLIC ACID

History

Para-ammosalicylic acid (P A S) was first described as a chemotherapeutic agent
by Lehmann (1946) 1n Sweden ~ Starting from the finding that salicylates stimu-
Jated the respiration of pathogenic tubercle bacilll he set out to see whether same
substance differtng only shightly from salicylic acid might block an essenttal
bactertal metabolic process and thus have a bactenostatic effect P.A S, was
found to be much the most effective and also appeared to be active against
experymental tuberculoss, The early Tesults in man were suggestne {Lehmaon,
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1936) and further expenence has confirmed that P A S. has a definite value in
pulmonary tubercufosis (Medical Research Council, 1950a, Vallentin and his
coll:agues, 1950, Swedish National Association against Tuberculosis, 1950) 3
but 1t is probably a less powerful drug than and 1ts most

use at the present time is to suppress the emergence of streptomycin resistant
tubercle bacilli.

Tharmacology
P hic acid has the foll formula
1t s now usually supphed as the sodium or calcum salt, which
PAS. coon are more stable and cause fess gastro-intestinal upsets than the

acid  Hereafler the term “PAS " will be used to ndicate

the sodium or calctum saft of parg-amunosahicylic acid  The

salt 15 usually a white crystalline powder, though some patches

Nz may be darker in colour without loss of potency PAS 1s

usually taken by the mouth 1t 13 readily soluble in water, the

colour of the solution vary'ng from yellow to brown with different batches and

tending to darken on standing  The salt 15 more stable than the acid and

solution will not deteriorate up to 2 weeks  When kept for long periods there 1s

a danger of loss of potency so that a mixture when made up should be consumed

within a fortmight  The solution has an unpleasant taste, sumslar to that of other

salicylates  Vanous flavouring agents have been used but the taste ts difficult to

disguise and most pauents prefer a 20 per cent solution in tap water As an

alternative rice-paper cachets contmiming (S or 2 grammes are available. The
cachet 15 dipped m water and can then usually be swallowed without defficulty

Dosage
The dose recommended for adults 15 5 grammes of the salt four imes a day
Thss dose has been shown to be eff 2 the 1ncidence of

yemistant tubercle bacithh i patients recewmg s\rep\omycm mn doses of | gramme
a day (Medicat Research Council, 1950a) Tt 15 probable that doses of less than
20 prammes of P A'S a day are less effective, though 1t ts possible that doses of
12-15 grammes 4 day may be adequate when | gramme of streptomycin is given
only twice a week P AS can be administered ntrapleurally 1n 20 per cent,
20 mullilitres beiog given 2-3 times a week  The solution must be sterihzed by
filtration, not by autoclaving  Intramuscular injection 15 painful and s not
recommended  1f estumates of pleural concentration are being made procaine
should not be used as the local because the group wil}
f@ve a reaction similar to P A S , a local anaesthetic not containing this group,
such as Xylocane, should be substituted
Absorption

PAS 15 rapdly and totally absorbed from the intestine (Way and his co-
workers, 1948)  Blood serum levels vary from case to case and in the same case
from time to time  In patients on 5 grammes of P.A S by the mouth four times a
day, serum levels varying from 3 to 13 milligrams per 100 millditres are usually
obtained at 1 hour after a dose and from 1 to 7 mulligrams per 100 mullihtres
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at 4 hours, Twelve h'ours after the evening dose the level is usually under
I mulligram per 100 milhlitres and sometimes no P.A S. can be detected,

Distribution

At plasma levels between 4 and 10 milligrams per 100 millilitees, S0-60 per
cent of the P.A S. 1s bound to protein  In the body the drug is widely distributed,
the ighest concentrations occurning 1 the lungs, liver and kidneys  When
gven by 'lhc mouth in 3-gramme doses 6-hourly, levels of 0-5-4 milligrams per
100 [ have been ob d 1n pleural effusions 2 hours after the last dose
(Lawrence and Comden, 1950), on 5 gramme doses 4 times a day [ have found
stmilar ranges, with a peak 3 hours after the dose and detectable levels stll present
12 hours after the evening dose.  After intrapleural i of of
P AS. levels of 80-100 milligrams per 100 millilttres have been found in the
pleural fluid at 6 hours, 20-30 milligrams per 100 mulliitres at 24 hours, and
0-1 muhgrams at 36 hours P A.S was detectable 1 the blood 1 hour after
the intrapleural ngection (Lawrence and Comden, 1950}, On a daily dose of
12-14 grammes levels of 1-5 milligrams per 100 milllitres have been found
1n the sputum (Erdei, 1948),

Excretion

P.AS 15 rapidly excreted by the kadneys About 85 per cent of the dose
can be accounted for in the urine within 10 hours  About three-quarters of the
P AS, 1s excreted by the kidney tubules and the remainder 1s filtered by the
glomeruli, 1t 1s possible that some of the latter 15 re-absorbed by the tubules
(Horne and Wilson, 1949) The tubular excretion can be decreased by caron-
amude (Horne and Wilson, 1949), but the large doses of the latter necessary
(4 gramme, 4-hourly) make its use impracticable. Benamed, which has a simiar
effect but 1s given 1n smaller doses, 1s at present under investigation as a substitute
for caronamide (Boger and his associates, 1950), but cannot yet be recommended
The unine of patients recerving PA S may reduce Benedict’s reagent and so

simulate glycosuna

Antagonists

The action of PAS. 15 d by pa ic acid

Mode of action
P AS. ss bactenostatic but not bactenicidal
damages the tubercle bacilli is unknown

The precise way in which it

Toxicity
Gastro-mtestinal upsets

Gastro-mtestinal upsets occur in about 50 per cent of patients treated with
P A'S. Naused and anorexia are common and, if severe, may lead to vomiting
These symptoms can often be avoided by giving the drug towards the epd of a
meal or by using the rice-paper cachets mentioned above, If such devices are
unsuceessful 1t is worth reducing the dose fo 10 grammes a day, which 1s usually
well tolerated, and then increasing slowly to the full dose  But in severe cases
the P.A S may have to be stopped Diarrhoea may be troublesome,, if necessary
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1t can be treated with small doses of tincture of opium. Here also relief can
somenmes be obtamed by lowenng the dose of P.AS temporarily and then
slowly increasing
Rashes and fever

Rashes may occur, vsually 1n lhc first week or two of treatment The rash
is uriicanal © When muld the rash wiit
fr:qu:mly clur up without stopping the P A S though antimstamine drugs may
be tned. Sometimes the rash may be severe and be accompansed by fever,
even fatal cases of exfohative dermattis have occurred  The drug will then have
S T e T e .

Effect on hdneys

Senous nephrotoxic effécts do not occur, but oceasionally dunng treatment
there may be a mild albummuna, sometimes with an increase m red cells on
microscopy  Both will clear up as soon as the drug 1s stopped
Blood clotting time

On large doses of PA'S a prolongauion of the cloting ume accurs within a
few days, but it 1s not cumulauve (Madigan and s colfeagues, 1956). Itis of no
climical significance uniess there 1s fiver disease or unless surpery 1s contemplated
Under these circumstances 10 milhigrams of synthetic vitamin K may be given
daily by the mouth, this neutralizes the toxsc effect.
Antipyretic action

PAS 15 said to have a direct antipyretic actton (Madigan and his colleagues,
1950) This is thought to be due to the increased radiation of heat from the
skin, which 1s 1n turn caused by penpheral vasodilatation
P.AS. resistance

Tn a proportion of cases treated with FAS drug-resistant tubercle baci
may be isolated, someumes as early as the sixth week {Eastlake and Barach, 1949,
Delaude and his associates, 1949, Carstensen, 1950) The method of testing
for resistance, which 1s similar to that used for streptomycin resistance, 1 not yet
entirely satisfactory and the chimeal sigmficance of resistance strains 1s not at
present established, though they are more commonly found in cases with gross
cavtation (Medical Research Council, 1950a) Nevertheless 1t seems wise, unut
more s known, to assume that pauents with P A S-resistant bacily are less
Iikely to respond to the drug and that if these patients are treated with strepto-
mycin the orgamsms may become ressstant both to FA S and to stweptomycin
The 1ncidence of P A S ~ressstant tubercle bacilly, according to the limited infor-
mation at present avadable, seems much reduced by giving streptomycin at the
same ume (Medical Research Councl, 1950a)

CLINICAL APPLICATION OF STREPTOMYCIN AND PAS

Streptomyain and PAS are the only drugs whose value 1n tuberculosss has
been well established and their climcal use will be considered together  As has
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been already explained the action of both streptomycin and P.A.S n preventing
the emergence of tubercle bacilli resistant to each other implies that in general
they should always be used together. Unless otherwise stated the dose recom-
mended will be 5 grammes of sodium or calgium para-amnosalicylate four times
dallg't by the mouth and streptomycin 1 gramme daily in a single mtramuscular
1njection

Primary tuberculosis

Chemotherapy 1s 1n general ineffective 1n primary tuberculosts 1n the jungs
(Lorber, 1950)  Thus 1s certainly true of the glandular component, though there
is some evidence that streptomycin may be of value in the so-called * progressive
primary ” lesion (McEnery, Sweany and Turner, 1949)

Miliary tubercnlosis

Recovery can now be expected 1n more than 50 per cent of cases of muiary
tut 1 treated with streptomycin (Medical R h Council, 1950b ; Bunn,
1950, Bernard, Kreis, and therr coll 1949) The 1 of tut it
meningitts 1s the mam danger to Ife and this must be watched for by regular
examination of the cerebrospinal fluid The appearance of milary tubercles
1n the retina 1s a danger signal, as infection of the meninges is much commoner
1n such cases  Menngitss may develop during the course of treatment or in a
relapse  If st does occur intrathecal streptomyctn must be given

The mitial dose of streptomycin should be 1 gramme twice a day, which may
be reduced to 1 gramme a day when the temperature falls  For children the
dose should be 0 02 gramme per pound body-weight per day. Although strepto-
mycin-resistant tubercle bacilli are seldom isolated 1t 1s wise to use P.AS. as
well as streptomyein, both as a agamnst the risk of resistance and for
its synergistic effect Treatment should be continued for at Jeast 6 months,
in severe cases for longer After stopping treatment the pattent must be very
carefully watched for 2 years or more as relapses are common  On the whole
the longer the course of treatment the less Ikely 15 a relapse to occur. A relapse
may respond to a second course of treatment but 1t is rather less likely to do so.

Pulmonary tuberculosis
In pul y tuk 1 (Medical h Council, 1948, 1950; Veterans
Adminsstration, 1950) the best response to chemotherapy 1s obtained 1n recent
exudative disease, espectally when the shadows mn the radiograph are not con-
fluent Such lesions are particularly likely to be seen when a patient already
under observation s found to have had a recent spread of disease  The response
1n cases of this kind 1s usually granfying On the other hand chronic fibre-
caseous disease 15 seldom affected and 1t 1s useless to try to close old thick-walled
cavities by any but mechanical means In such cases chemotherapy should
only be used, if at all, 1n order to clear up any more s'usacepixble |€Slo'ns \vhxd: ma’
N dand ac n < Ta Ana shan

Ten Tnted tat am AF nallascn thar.
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chemotherapy has been stopped. Tension cavities will occasionally close dramati-
cally, probably owing to the effect of streptomycin tn tuberculous disease in the
dramng bronchus, but it 1s wise to consoldate any gawm by following up with
collapse therapy In most cases of ftuberculous broncho-pneumonia collapse
therapy 1s not feasible 1n the acute stages and in many will never become so on
rest 1n bed alone  In such cases the prognoss 1s bad and st 1s proper to treat
them 1n the first tnstance with streptomycin and P A 8, primanly with the 1dea
of rendering them fit for collapse therapy later There 1s no doubt that chemo-
therapy has greatly improved the outloak in this type of disease (Medical Research
Council, 19482, 1950a), and y the result1s so satisfactory that ps2
measures are necessary When the pneumonic lesions are, more confluent,

h a of bar the response 1s 1n
general less sansfactory (Kirby, Stnpson and Creger, 1949), though there 1s often
mual improvement (Aflison, 1947) , extensive cavitation is hable to occur in the
consolidated area and collapse measures may be techmeally difficult  Imaddiion,
when streptomycin was ussd alone, the tubercle bacilh were liable to become
Inghly streptomyctn-resistant It 1s possible that cases of this kind will do better
under btned therapy with Pl and PAS

Pallatne use of chematherapy

It must be very strongly emphasized that chemotherapy should never be used
as a pallative or temporizing measuré n pulmonary tuberculosis The only
exceptions to this rule are when tuberculous laryngis, ententis or mouth ulcers
are causmng severe symptoms in advanced and hopeless cases  In these circum-
stances 11 may be justifiable to use streptomycin and PA S in short courses
n order to obtatn symptomatic relief

Ch herapy as part of a p
In general chemotherapy should only be used as part of a programme aimed
at securng arrest or cure of the disease It 1s highly dangerous to fimish a course
and leave the patient with an unclosed cavity, relapse 15 all too likely The
aim should be to mstitute collapse duning, or immediately after, the course
Formerly it was often considered that there should be a standard length of course
As resistant tubercle bacilli usually emerged within the first 2 or 3 months and
it was found that the greatest improvement occurred durtng this pertod, treatment
was not prolonged for more than 4 months  Now that 1t 1s known that PA S
greatly reduces the merdence of streptomycin-resistant bacilli there 1s less logie
1n ths attitude, and 1t would seem proper to have a definite aim 1n each individual
case  Tins aim 15 usually to make the patient fit for collapse therapy and treat-
ment should be continued untd the aim 15 achieved or the result 15 despaired of
Sometimes this will be only 2 matter of a few weeks When the desired result
has not been obtaned 1n 3 or 4 months 1t 1s posstble, but not yet defimtely known,
that there 15 some inereased nish of the emergence of resistant tubercle baoth B
but it 1s just in these cases, » &~ ~etem oo T oer e
the nisk 18 most worth taking
for 6 or 8 months in the ho .
measures on which the patient's Iife depends

443




THE CHEMOTHERAPY OF PULMONARY TUBERCULOSIS

How long chemotherapy should be continued after the initiation of collapse
therapy 1s uncertain and it 1s difficult to generalize. Some clinicians will induce
an actificral p horax or advise thoracopl. m cases under chemotherapy
at a more acute stage of the disease than would have been their custom before
streptomycin was available In such cases it is reasonable to continue chemo-
therapy for a period. Tuberculous p espectally when it 1s basal and
cavitating, 1s often treated with phrente crush and pneumoperitoneum at an early
stage ; n spate of ths early collapse 1t 1s worth while giving a prolonged course
of chemotherapy, as the prognosis y these cases is so bad,

Munmal lesions

While there was such a big nsk of the emergence of strep istaat
tubercle bacilli 1t was certainly to give to cases with
mntmal lesions  The success of the combined treatment with P.A.S. and
streptomycin reopens the subject, but jt has not yet been shown in these cases
either that this treatment js effective or that it is without nisk. The tovic effects
of the drugs, accepted as a proper hazard 1n severe disease threatening hfe, will
bulk much farger when constdering the treatment of 2 patient who may be refatively
free from symptoms. Tt must also be remembered that the risk of streptomyein-
resistant bacilli emerging has been dimumished but not abolished  Until more 1
known 1t can only be recommended that such cuses should not be treated with
chemotherapy

The unstable case

Certain cases, usually with somewhat disseminated nodular fesions, may pursue
an rregular course of alternating improvement and deterioration It was hoped
that streptomycin mught encourage a permanently favourable trend (Howlett and
O'Connor, 1948), but st has been found that the improvesment has usvally proved
only temporary This was the conclusion of tnals using streptomycin alone
It 1s posstble that more prolonged treatment with both streptomycin and P.A.S

mght be more effective

Tuberculous bronchits .
Involvement of the smaller bronchi, for instance those draining cavities, is

very common, if not the rule, 1n pulmonary tuberculosis, but the term * lubcrcy!ous
b hitts > or “tracheo-b hial tut * js ustially reserved for conditions

1n which the mucous membrane of one of the larger bronchi is affected by tuber-
culous ulceration or granufation ssue  Such lesions wll therefore usually be

vistble through the bronchoscope
Tubercnlous bronck

and P A S f the lesion

well to
15 relatrvely recent and the parenchymal lesion stight oc well controlled (Brewer

and Bogen, 1947, Davis, 1949 ; Medical Research Council, 1951). 1t is best

to follow the progress by repeated bronchoscopy at monthly or 2-monthly

(ntervals and to continue treatment for at least 2 month after the leston has appar-

ently healed  Not uncommonly the bronchoscopy afler 6 or 8 weeks treatment

will show that though continuity has been restored the mucous membrane has

become grossly swollen and oedematous, perhaps with even greater narrowing
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of the lumen than before treatment began  With further therapy this oedema
usually disappears  In the most successful cases the bronchial appearances
return to normal, but 1t ts common for the lesion to heat leaving a greater or lesser
degree of bronchial stenosis due to a fibrous stricture  The future course of the
case will depend on the degree of this stricture, its site and the lesions that are
present beyond 1t IF the stricture occurs it an upper lobe bronchus, unless the
bronchus 15 almost completely occluded the drainage 1s usually adequate and
secondary infection 1s uncommon , but 1f a Jower lobe bronchus 1s affected, even
if the patient’s sputum 15 permanently converted, repeated secondary infections
are liable 1o occur beyond the stricture The result 1s recurrent respiratory
illnesses, often leading to bronchiectasss, even 1f this 1s not already present as a
legacy of the ongmal tuberculosis  In cases of this kind 1t may be necessary
to recommend lobectomy, 1n spite of the apparent healing of the tuberculous
lesion  In other cases, though the vxsxb!e brcnchml lesion heals, the sputum
may femain positive owing to , here again
resection may be advisable

When the presence of tuberculous bronchitis 15 holding up the institution of
collapse therapy for a parenchymal lesion, 1t 1s wise to start the collapse as soon
as bronchoscopy indicates that the bronchitis 1s reasonably well under control
This will assist the healing of both leslons

Tn primary 1 stenosis or ocel may occur as the result
of pressure by an affected gland or of actual rupture of the gland into the bronctual
lumen There s no present evidence that chemotherapy 1s of any benefit i such cases

Tuberculous laryngitis

This lesion (Black and Bogen, 1947, Bernard, Lotte and Arnaud, 1949) 1s
dealt with elsewhere (see page 443) In generalif the lung lesion 1s under control
cases of tuberculous laryngitis respond well to chemotherapy  Pain 1s rapidly
telieved, though objective improvement takes a good deal longer The leston
may heal with marked fibrous stricture which poscs mechamical problems In
advanced and hopeless cases of pul y t by tuber-
cufous laryngiis 1t may be justifiable fo give short courses of chemotherapy for
a week or two at 2 time 1n order to relieve pam

Primary pleural effustons

There 15 at present hittle information about the chemotherapy of primary
pleural effusions  While the emergence of drug-resistant tubercle bacslli remamed
a serious problem, the use of streptomycin was certainly unjustifiable 1n these
cases  Though the risk 15 now much less, chemotherapy has not yet been shown
10 be of value and should not at present be reccommended It must be remembered
that primary pleural effusions run a very vanable course Only a carefully
controlled tral could show whether the treatment was of any real value, the
most important benefit to be looked for would be a reduction 1n the number of
cases 1n which overt pulmonary tuberculosis later develops Nevertheless 1n
the very exceptional patients whose condition gives sertous cause for anxiety
in the acute stage, 1t 15 probably justifiable to gve at least a short course of
streptomycn and PA'$  Dramatic :mprovement may be seen m such cases,
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Tuberculous empyema

Very variable results have been reported 1n the treatment of tuberculous

Py with strep (Hinshaw, Feldman and Pfuetze, 1946; Bernard,
Lotte and Laumonter, 1949, Christensen, 1950) Failure to respond has been
attributed to the acid reaction of tuberculous pus, the large number of bacll
which may be present, fatlure of the drug to penetrate the thickened pleura, or to
a combination of these factors, but it must be remembered that the fate of a
?uberculgus empyema 1s bound up with the fate of the lesion in the underlying

- . . unsuccessful artificial

mechanical reasons,

continue to exert its

malign influenice on the pleural conditton. It 1s clear that control of the cavity

will be the primary consideration and the chemotherapy can at best play only a

subsidiary part It 1s possible that factors of this kind may account for the
vartable results reported

As mentioned above streptomycin 1s less effective in an acid medium  The
reaction of tuberculous pus 1s often between pH 6 and pH 7 and good results
have been claimed for ing i and i lar strep
with an attempt to alkahnize the pleural contents (Chnistensen, 1950)  For this
purpose 200-300 mullditres of 1 5 per cent sodium bicarbonate may be run into
the pleural cavity every second or third day, after aspiration of the pis, the qnantity
of alkah being decreased as the amount of pleural flurd diminishes 1t has been
shown that this does alter the pH of the flurd towards the alkaline side. Strepto-
mycin in the usual doses 15 grven mtramuscularly and 0 5 or | gramme is given
ntrapleurally every second or third day  Intrapleural doses as high as 3 grammes
have been given every third day without adverse effect, but if these large doses
are given intramuscular therapy shonld be onmutted fo avoid toxicity ; there 35
usually excellent absorptiornt into the blood stream from the pleura, One should
certainly give oral PA'S 1 addition to streptomyein,

Much has been claimed for PA S 1 tuberculous empyema (Gilltard, 1949}
Twenty mulhilttres of a 20 per cent solution may be given Intrapleurally once or
twice a week. No carefully controlled trials have been carried out and on the
whole experience 1n Great Britain has been disappointing

It seems unlikely that, 1n general, chemotherapy will replace other methods of

or tubercul

, but when the acute onset of fluid under

p.
an artificial pneumothorax, accompanted by severe general symptoms, seems to
threaten an empy L 1t 4 le to employ angd aspiration as

- I

i m= mmmnzbnnan A tha dacian

of other measures, unless the response 1s clear-cut and maintained
The use of chemotherapy in chest surgery

Resection —It 1s generally agreed that resection for pulmonary tuberculosis
should always be carried out under a protective cover of chemotherapy (Mgcrc and
his colleagues, 1949)  Although there has been no carefully controlled lrfnl, most
surgeons are convinced that their results have been much improved since the
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introduction of streptomycin, When the object 1s merely to provide a cover for
1he operation the course may be started 3 days before the operation and continyed
for 6 weeks 1, 1 addution, the amm 15 to reduce sputum before the operation or
to clear up a leston elsewhere w the lung, a longer pre-operative course will
obviousty be necessary I there is any doubt that a residuat lesion may remam
after resectton 1t 1S wise to continue the chemotherapy for several months at least
after the pperation

Thoracoplasty—~The occurrence of post-operative spreads of disease after
thoracoplasty 1s not sufficiently frequeant ta justfy using chemotherapy as a routtne
cover for operation, nor is there good evidence that such a cover substantially
seduces the werdence of spread, but when a spread has occurred 1t usually
responds excellently to chemotherapy  Of course in a number of patients chemo-
therapy will be necessity 1a order to obtatn sufficent umprovement to make
theracoplasty feastble at all  {n these cases it 15 well to operate winle the patient
1s stidl receping chemotherapy, or as soon as possible thereafter

Tuberculous wfections of the extraplewral space

On the whote f of the pieural space respond well to
streptomyern and PAS  The drugs should be given by the usual routes and m
addition | gramme of streptomycin should be injected into the space when the
pus 1s asprated,

Tuberculous sinuses

Tubercutous sinuses (Brock, 1947, Veterans Admumstration, 1948, Daws,
1949) respond exceedingly well to chemotherapy even when they have been present
for long pertads  Treatment should be continued for at least a month after the
sinus has healed When the smus ongmates i a pocket of pus or a bone
sequestrum this will have to be dealt with at the same time

THE SULPHONES

Hhstory
In 1938 Rich and Fofhs (1938) showed that sujphamlamde had an ndubiory
effect 1 experimental tuberculosis in the g b The g year Feldman

and Hinshaw (1939, 1940) found that sulphapyridune had a stmilar acion  The
on§m:'ﬂ sulphone, d:aqnnqdnphenyx sutphone (D Dﬁ). was c_vohedA by Buttle

of DDS have been evolved w uhvthe ohject of obtasning mauimal efficacy with
mimmal toucity

All the sulphones have very definite toxic effects in man when given for long
pettods  Although many workers consider that both the toxic and the therapeutic
effects of these substances depend on the degree to which they are broken down
1o the parent sulphone, D D S, tt 15 clamed that 2 of the more recently introduced
detivatives, Promizole and Sulphetrone, are fuberculostatic 1z thewr own right
and are not broken down to DD'S to any extent Bernard, Nouvion, and thewr
colleagues (1950) have recently reported that D DS, given at the same wme as
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streptomycin, reduced the incid of streptontyci istant tubercle bacilh b
almost 50 per cent  The patients had chronic cavitated disease and the clinica
value of the treatment could not be assessed

Pharmacology

The following are the more 1mportant sulphones which have been used i
climical practice,  Although several of them can be given iniravenously it 1
thought that they are more effectve when gven by the mouth

Promn (sodium p : p'-dramnodipheny) sulphone N,N'-didextrose sulphonate
(Pfuetze and Pyle, 1949) —It 1s recommended that in adults 0+4 gramme a day
should be given in divided doses, mcreasing gradually, ding to tol ,
to a maximum of 0 8 gramme 2 day A final dose of | 2 to 16 grammes a day
15 preferable if 1t can be tolerated  The drug should be continued for a minimum
of 4 months and preferably up to a year

Diasone (disodium formaldehyde sulphoxylate diaminodiphenyl sulph -~

pheny
Thrs sulphone 1s rather less liable to cause anaemia than s Promin but it 1s thought
to be less effective therapeutically (Pfuetze and Pyle, 1949)

Promizole (2.4-danunophenyl 5'-thiazolyl sulphone) —This substance is
well tolerated 1n adults in doses of 10-15 grammes a day (Pfuetze and Pyle, 1949)
In chuldren 1t 1s given 1 6-hourly doses, working up gradually from ! gramme a
day minially to a final dose of 2 grammes or more and aiming at a bloed serum
level of 1-3 mulligrams per 100 mulliitres

Sulphetrone (Tetrasodtum 4 * 4-bis (y-phenyl-n-propylamino)-diphenyt sul-
phone « y «’ y'-tetrasulphonate (Brownlee, Green and Woodbine, 1948; Brown-
lee and Kennedy, 1948).—In adults a dose of 0+5 gramme d-hourly is geadually
ncreased until the patient 1s taking 9 grammes a day. The mim is to achieve a
blood serum level of 5-8 mulligrams per-100 millthitres

henvl sulnh

DDS. (pp-d ds has been given (Bernard, Nouvit'an,
and their colleagues, ~ ™~ TAn e tbean b —an o A dacesacing
at weekly intervals fo .
This dose was contint. . . By
in the early stages
Antagonists

The actron of sulpl 1s mhibrted by ¢ benzoic acid and by local

anaesthetics, such as procawne, containmg an anuno group attached to a benzene
ring
Toxicity .

Promuzole appears to have 4 relatively fow toxiony, but foxic effects are very
definite with the other drugs The pattents often become blue 1n colqur and
methaemoglobin 18 present 10 some cases Headache, nausea and vomiting are
frequent. Rashes may occur and thyrosd entargement is common The patients
usually become anaentic, and this 1s due to three different factors  An unabsorb-
able compound 1s formed with the alimentary 1o , this can be countcmcted(:y
gwing tron by the mouth  Secondly, the sulphones are thought to prevent h:
manufacture of & metabolite essenteal to blood formation by their effect on the
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intestinal flora ; this effect can be overcome by grving yeast  Finally, there 1s @
haemolytic eflect of the drug and no method has yet been found of correcting this
Results

The evidence for the effect of the sulf m pul b 15
anecdotal and not very comvincing  Pluetze and Pyle (1949) thought Promin was
of definite value but that the eflect of drasone was doubtful  Burns and s
colleagues {1949) were unable to demonstrate any effect of Promizole m a tnal
with matched controls 1 tuberculous cases 1n a mental hospital  On the other
hand, Lincoln and Kirmse (1949} treated mihary tuberculosis with Promizole
alone and 5 out of 7 children treated for more than a manth survned for over
4 years.  With Sulph possible effects 1n pull
have been reponcd (Anderson and Strachan, 1948, Clay and Cluy, 1948}, but
Morlock and Livingstone (1949) concluded that it was of letle value There
1s evidence that dramunodiphenyl suiphane (P D S ) has a suppressive effect on
the emergence of streptomycin-resistant tubercle bacilli (Bernard, Nouvion, and
their colleagues, 1950), but this effect appears to be considerably less than that of
PAS  There are as yet no adequate data about its direct clinieat value
Conclusion

Although the sulphones have a defimte supp effect tn the
of ammals there 1s no clear-cut evidence of therr chiucal value 1n man In
addition, with the possible exception of Promezole, thetr toxic effects are far from
neghgtble DD S, at least, has a definite suppressive effect on the emergence
of streptomycin-resistant tubercle bacitly, though this effect seems less than that
of PAS The sulphones can, therefore, only be recommended at preseat in
cases 1n which tubercle bacill are ressstant to streptomycin and PA S or who for
some reason are completely wntoterant to these drugs

THE THIOSEMICARBAZONES

History

The thiosemscarbazones were first described as tuberculostatic agents by Domagk
(1936)  In investigating the effect uf the su]p}mnamndcs on tubercle bacitlt he
had found that sulg and le were much the most effective
It seemed possible that the increased effect was conferred by the thiazole group
and this led him to try the thiosemicarbazones from which sulphathiodiazole was
manufactured  Since Domagk’s onginal descrption the thiosemicarbazone
drugs have been widely used 10 Germany and to  lesser extent elsewhere

Pharmacology

The thiosemicarbazone (Behnisch, Mietzsch and Schmxdl, 1950) which has
been mamly used chnwcally 15 4-acetyl
(CH,CONH" \ CH=NNH CS NH;} Thiacetazone may be adopted as the
official name mn Grﬂt Britair It was ongnally labelled TBI/693 by Domagk
and has been called commercially Contebsn n Germany, Thioparamizone tn
Great Britain and Myvizone or Tibione tn the United States It 1s a pale yellow,
shghtly erystathne substance, almost insoluble i water and only shghtly
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soluble 1n organic §olvents with the exception of propylene glycol.  The solubility
m water may be increased by dissolving the drug in, a solution of antipyrine ;
but thiacetazone is usually given by the mouth

Resistance

Although Iittle work has been done on this aspect, several cases have been
reported 1n which tubercle bacilli reststant to thiacetazone have been isolated
from patents under treatment (Davis and Schwartz, 1950; Auersbach and
Schutz, 1950) At the time of writing 1t 1 not known whether combined treatment
with thiacetazone and streptomycin or PA S, will prevent the emergence of
bacith reststant to either of these drugs

Mode of action

The thiosemicarbazones are bacteriostatic rather than bactencidal. The
precise mode of action 1s unknown, but the effect 15 not antagonized by para-
aminobenzoic acid or cystemne.

Daosage

There 1s no firm agreement as to the optimal dosage (Mertens and Bunge,
1950 ., Hinshaw and McDermott, 1950) Individuals vary in their tolerance of
the drug  The patient should start on a daily dose of 12 5-25 milligrams which
may be given in divided doses 14 times a day  After 1~2 weeks the dose is
gradually increased to a maximum of 150 milligrams a day 1t is probably
safer not to exceed 100 milligrams a day though some workers consider that
therapeutic effects are only obtained 1n doses bordering on the toxic. Treatment
has been continued for a year or more 10 individual cases  Intrapleurally 0-1-0-5
gramme has been given suspended n physiological saline solution 1-3 times a
week

Toxicity

Nausea, anorexia and g are
treatment and with larger doses Jaundice and fatty infiltration of the hner
have occurred 1n a substantial number of cases  Although it has been contended
that the liver damage 1s not due to the drug 1t 1s wise to assume for the present
that hepatic 1njury 15 @ fisk and to carry out lver function tests before and at
intervals dunng treatment, Most of the recorded cases of liver damage have
tecovered when the deug was stopped  Agranulocytosis 1s uncommon but
severe cases have accurred, so leucocyte counts must be done regularly, Haemolytic
anaemia has been noted in patients on doses above those recommended here ;
a muld microcytic anaemta 1s common in those on lower doses. Rashes, \xsual[y
erythematous but sometimes urtrcatral, are not uncommon and confunctivitis
may oceur (Hinshaw and McDermott, 1950 , Sunmons and his colleagues, 1950}

especially eatly m

Results
No well controlled clinical trials have been carried out with thiscetazone,

so that 1ts usefulness is difficult to assess (Mertens andABungc, 1950 ; Hinshaw
and McDermott, 1950).  Ttis clear that 1t is unsuccessful in multary and mentngeal
tuberculosis  On the other hand, it is claimed that the results in tuberculous
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laryngits and enteritis are ¢ le to those with streptomycin
In pulmonary tuberculosis 1t is suid that, as with other drugs, cases with recent
exudative disease respond best  If the blood sedimentation rate is raised, there
is usually a dramatic fall within a few days, but this 1s regarded as a specific effect
on the test rather than an indication of amelioratton of the disease  On the
whole 1t seems likely that the results may be comparable to those obtained with
PAS Success has been claimed 1n early treals of treatment with thiacetazone
and PA S simultaneously (Brandner, 1950) There 1s no doubt that the results
with thiacetazone alone are infenor to those with streptomycin

Conclusion

The value of the thiosenmcarbazones cannot yet be regarded as established
but 1t 15 clear that they are potennally toxic  There can be httle at present to
recommend their use except 1n patients intolerant to streptomycin or PA'S or
swhose orpamsms have become resistant to those drugs  The thiosemicarbazones
should only be used in hospital where a proper watch can be kept for the toxie
effects

GENERAL CONCLUSIONS

During the current period of intensive research any conclusions about the use
of chemotherapy are liable to become rapidly out of date Nevertheless at the
present ume 1t 15 clear that streptomycn and the salts of parg-amnosalicylic
acid are the drugs to be generally employed Owing to therr relatively greater
touaty and fesser effect the and the th will
uvsually be reserved for patients whose tubercle bacilli have become resistant to
streptomyctn or PAS, or who have become intolerant of these drugs

As regards the indications for this form of treatment, cases of miliary tuberculosis
must always of course be treated with chemotherapy Cases of severe acute
pulmonary tub 1 should have P and PA S 1n the first instance,
usually 1n order to prepare them for collapse therapy Cases of tuberculous
bronchitis should also have chemotherapy, though control of the parenchymal
lesion 1s equally important ~ Chronic fibrocaseous lesions are unlikely to respond
and should be treated by other means In the less acute pulmonary lesions,
in minimal lesions, 1 pleural effusions and in tuberculous empyemas the value
and nsks of the with and PAS are not
certamnly known  One thing is clear , however successful the initial reaction to
treatment no patient must be left with an unclosed cavity, to do so 15 to mvite
disaster and to render futite the nisks and discomfort that chemotherapy entals

ANALOGUES OF NICOTINAMIDE
As we go to press three new drugs have been reported which are claimed to be

effective against wbercul They are of The most
acthive 15 saxd to be uo»mco!xmc .md hydrazide and the other two are us glucosyl
dervative and 1 They were first described

by Meyer and Mally (1912) and subsequcnlly rediscovered by Fox (1951)
The drugs are rapudly absorbed from the intestine  Fso-micotinic actd hydrazide
has been given orally two or three times a day mn doses of 50-100 milhgrams
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Few toxic side cffects have so far been encountered, but constrpation, difficulty in
mitlating mrctunition, tremor, exaggeration of the deep reflexes and extensor
plantar responses have been reported in individual pauents. Spectal caution
1s advisable in patients with renal disease. Prchmmary reports from expenenced
nvestigators, and limited personal experience, suggest that iso-picotinic acd
hydrazide has the same range of effectiveness as streptomycin and P.AS. 1n
combination  Nothing 1s yet known about the'emergence of drug resistance
(Robitzek and SelikofT, 1952) Thcprcc:sepl.xccuflhlsgroupofdrugsxsaxprescnl
being determined by controlled investigations,
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prognoss, 167
radiographic appearances, 165-166 |
treatment, 167
Adentis, hilar, in children, 284-289
chinical picture, 285
emphysema and, 285
treatment, 291
whoopmg cough simulating, 285
Adenoma, pulmonary abscess and, 237
Adr%r}nl glands and preumococeal preumonsa, /

Adremlme effect on respirstion, 23 [

tests i p y 3
373
Agglutiuns,
abscess, pulmonary, im, 221
prneumonya, preurmnococeal, in, 69

Agranulocytoss, thiosemicatbazones causing,

Agricultural workers, actinomycoss and, 163
Albuminuna,
PAS causing, 441
pneumococcal preumona, m, §0, 8%
Streptomycin causing, 436
Alcoholism,
preumococcal pneumonta and, 75
tuberculosis and, 259
Almentary tract, poeumococeal pneumonia,

signs 1n,
Allergy, pneumococeal pneumonia and, 71
Alutude, “hmpmg-cough, effect on, 159

A leural fluid
M)y mbntlﬂulm wberculosts, 371
Antigens,
cocardiodomnycosis and, 184
Iistoptasmin, 185, 188
5"~Z§4

for

tuberculn,
Antihrstamin
bronchitss, chronic, n, 59° .
farmer's lung, in, 180
Antipyretics 1n pulmonary tuberculosis, 383
Antispasmodics,
bronchis, chronic, m, 58
wheoping cough, n, 159
Ammml8 noculation 1n pulmonary tuberculosts,

Aorta, reflexes of, respiration regulation and, 30
Aphasia 1n whooping cough, 158
Appendictus_simulating pneumococeal preu-

n

80
Arthritis and preumococeal pneumnonia, 74, 89
Ascites, haematogenous tuberculosis, accom-
panying, 3
Aspergillosts, 175177
Aspergillus fimgatus, 168, 175, 179
Asphyvants causing pneumonia, 141
Aspiraton, therapeutic,
abscess, pulmonary, sequelae of, 211
nmﬁigazl preumothorax, haemorrhagic, mn,

bronchoscopic, pneumococcal pneumon:a,

empyema_ tuberculous, n, 364
as adjuvant, 417

Ammonia, pneumoma from, 141, 142

Anaemia,
hls(oplasmosls, m, 1
pulmonary tuberculosis and,

thiosemicacbazones causing, 450

Anaesthesia,
abscess, pulmonary, danger of embolism 1n,

preumonia and, 63, 123
pneumoperitoneum, smﬁcml m, 398
pneumothorac, 1, 392
thoracoplasty, 1n, 404
Anatomy,
bron:ho—pulmcnmy, 1-23
lobar, 3
Arine, pn:umoma from, 141

Assmann focus, 301
Asthma,
bronchitis and,
acute tracheal catarrhal and, 47
chromic and, 55, §
farmer's lung simulating, 177
kymographic reading 1n, 32
preumothorax, artificial, and, 391
Atelectasis,
abscess, pulmonary, 1, 202, 218, 238
bronchial oceluston and, 199
bronchius and, 44
pneumococcal preumortia and, 71, 91
ppreumothora, aruficial, and, 39:
P

thoracoplasty, comphcating, 410,414

P 3 13 i

Ammal protective
preumonia aad, 6!
Anthrax, broncho—pulmomry. 101

m,
whooping cough, 1n, 156, 159

Antbiotics (see also spcclﬁc
abscess, pulmonary, 1,
bronctutis, acute krachcal c;\(arrhal i, 48
empyema, tuberculous, in,
momniliasis, prohferation of flora and, 169
M) cobacterium tuberculosis sensttivity to, 363
nckettstal paeumnonsa, s,

i2

comycin,
gy in 2
pneumona, 1n, 133
pneumococcal, i, 93
psitacotic, 113
staphylococeal, 99

whooping covgh, 19, 159
Auscultation in mberculos:s, 323

]
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B

Bacillus

‘anthraers, preumonia of, 101

oo uee Frcaiinder's Bacilus)
BAL, 11 vanadrum pneumonta, 149
Barbiturates causing pneumonua, 141
Bassesl.

BCG

hypers:nsm\ iy, 292

1nfant nocutation, 382

ntradermal mgection, 292

multipuncture technique, 291

preluminary testing, 292

reaction to,

scanfication 1a, 291

tuberculosis m children, 1n, 291
Belladonna 1n whooping cough, 159
Benzent causing pneumonia, 141
Berylhum preumenta, 146-147
Burd fanciers, aspergitlosss of, 175
Blastormyces dermatifichs, 188
Blastomycosts, 138-190

causative organism, 188

Euro] .,

moda nflnfeclmn, 189

3nh An;‘:n n,

radwographic apy ar:mms, 189

South AmcrlcahwWO

treatment, 190

00d,
carbon dioude, transport of, 26
clottmg time, sireptomycin an, 441

rhage o, in, 402

whereuloss dng,

pulmo 373
Soread by, zw,sl 3 (see also Tuberculosss,

Haematogenou:

vanadium 1, demondiration of, 149
Horder-Gengou culture im whooping sough, 18
%ndycnrdu in pulmonary abscess,

ram,

Breast feedsng 1n pulmonary (ubcn:ulosxi, 382
Bromoform i whooping cough, 15¢
Bronchua
d)agramnllc representation, 4-5
ol
Tespiration and, 23
Broachiectasss,
blonchms, a:nle tracheal catarrhal com-
pcatin,
chromic, m..gnas.s, from, 58

nn

Bronchiectasis—contnued

lipoid. 150
measizs and, 111
eumococcal, complicating, 88
radiographic appearances 46, 47
tuberculosss and,
chudren, m, 284
fibroid, 3
ha:mopzysxs 2nd, 319
whooping cough, complicating, 158, 159
Broncholitts fbrosa obliterans, 53
Bronchius,
acute tracheal, 43-54
catarrhal, 43-49
actiology, 43
antibioncs n, 43
asthma and, 47
atelectasis from, 44
bactertology,
bronchiectasis complicatmg, 45
chronic bronchitis complicating, 43
chinical preture, 44
compheations, 45
convalescence,
| differential dlagnos:x. 41
H general treatment, 4
] heart failure comphicating, 45, 48

|
|
\
i
|

tuberculons complcain, 45
nutral stenosis an

pathology,

pleursy mmp[lc:llmg, 45
prcumona and, 43, 4
post-operatise,

radiographic apveamncts 46,47
renal disease and, 4.

rheumatic heart dizease comphicating, 45
signs,

speaific treatment, 48
sulphonamides i,

symp*omanc drug |ream1:n(. 48

sympioms,
treatment, 4349
diphthena and, 52

dust mhalauon and, 52-53
enterc fevers in,

fibninous, SO—SI

gas poisoning tn, 5353
nfluenza, in, 5t

Wwhoop.ng co\.gh, n, 51,156

chron.c, 55~

acute irachea! ca athal comphicating, 45
acuology, 56

amunbioTnes i, 3

ante P:\srrodxcs n, 58

asthma and,

bronch z((asxl dlicnos.s from, 58
bronchograph.c sppsararces, 57

chimcal p crure,

B,
iy
28
52
7
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Bronchitis—contnued Bronchus,
chrome—continued anatomy, 1-23

clubbing of fingers in, 58 biopsy, In pulmonary tuterculosis, 373
differenttal dragnosis, 57 carctnoma, absccss pulmonary, and, 237
exercise, breathing, n, 59 celiowdin cast of, 1
farmer’s lung simulating, 177 dmgramanc repres:manon 2
first phase, 53 displaced, 1
pathology, 56 mucosa of, :.ccnon 3714
physical signs, 56 supernumeray, 22

ulcer, tuberculous lesions and, 314

prognosts, 58
Brucella tularersts, prcumonia of, 102

radiography m, 57
smoking tn, 56, 58 -
tempsrature and, 56, 58 [
treatment, 58
tuberculosis, dagnosis from, 58 S
gasses and, 142 G
manganese causing, 148 oo
Pneumonta, aspiration, and, 64 ! .
post-operative, 47 « .
purulent, mfluenzal pneumonia and, 109 admuaistration problems, 4041
tuberculosis and, blood content, sn pneumococcal preamonia,
bronchogenc, 343
chemo(heraPY. 444
broid, 34
pulmonary complicating, 378
vanadiam pneumonta, 1n, 148
Bronchogenic tuberculosis, 314-354
Bronchographic appearances, Carcmom:n bronchs:

BoaTrs ama?

aal,
bronchuts, chropc, 57 hipord preumonia and, 150, 220
bronchus, a,
displacement of, 20 pulmonary abscess and, 237
b e Casoni reaciton 1 pulmonary abscess, 223
O on, 2 287 Cavitation, tuberculous,
g 2,8 e bt fad 22
normal, 6 PR DL . L
supernumerary apical branch, 21 (- RN e
Broncho-momiliasts, 170 . :
Broncho-pneumonia, Cerebrum, haemorthage of, m whooping
abscess, pulmonary, and, 216, 221 c
children, 1n, 280-28% Chemotherapy,
farmer's lung simulating, 177 bronchits, tuberculous, in, 44
measles and, 110 laryngitss, tuberculous, in, 45
tuberculous, 106-107 palltine use, 443
Bronchoscopy, resection, in,
abscess pulmonary, In, 221, 224, 237 swnus, luben:ulaus“sn‘ 47
indications for, 391 thgramltg;z‘{h e
pneumococcal pneumona, in, 71 :l“n;;%‘i'c s,
tuberculosis and, Chest vall, absces “of, actimomycosis causing,
whheo-bronchits, m, 346 Chxcken 'pox, peumonia of, 113
Chi
in venadum , 8, | onchins, chromic, 1, 55
Broneh : mgg“jlgwﬂ"y enythema nodosum, ~ pleural  tiberculosis
ronchospirometry, 38~ and,
Bronchotomy, mn foreign bodies, 238 prieumonia in,
o b ¢ staphylococcal, 99, 232

Bronchostenosis,
pneumococcal, 84-85

abscess, palmonary, and, 236
ff;?ﬁ?:cluon and, 420 il tubereulosts 1n, z7o-29§JZ
tuberculosss, 2nd, hgemstogencus, 295

chuldren, in, complicating, 284 pleural, 356 oy n, 432

pneumothora, artificial, and, 391
[4]
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Chloramphenicol (see also Chloromycetn)
pneumonra, n, 133
influenzal, 110
pneumncoccal 93
psittacotic,
Chlorides, blaod coment, m pneurrococcal

imonia, 81
Chlotine,
branchitis, acute tracheal, from, 53
preumona an:
Chlalomyoelm (sev also Cthramphemcol)
abscess, pulmonary, 1
whooping cough, 1n, 15
Chioropicrn,
bronchtss, acute tracheal, from, 53
pneumonia from, 1.
Chromic acid c.msunx

Cysteine, streptomyein and, mhibiuon by, 433
Cysts, hydatd, pulmonary abscess and, 222, 22

D

D DS in tuberculosts, 447, 448
Delirum tremens n preumonia, 77, 131

sickness, oxygen admmlsu'zuon and 40
treatment 1n whooping cough, 1.

Dental sepsis and, pulmonary abscess. 242

Dermattis caused by streptomyen, 4.

Diaberes, pulmcn:ry tuberculosis nm‘ Js-z
artifical pneumothorax i,

Dlamldxnus m Dm-p'h:lryngcﬂl thrush, 171 -

ul

Climate in pulmonary Iubcrc'ulosls o
Clubbung of fin

Bronchits, chranic, 1, 58

arradation pneumonia, 1, 151

oxygen saturation, eeduced and, 31
Coal muners, aspergillosis of, 175
Cocaune, respiration, effect on, 23
Cotcudwordes immuti, 180, 168, 179
Coctadiordin, 184
Cocardioidomycosis, 180-184

blood test in, 184

causaine arsanism, 130

diagnosss,

mode of mrecuon. 180

prmary,

o
progressive, 181
radiographic appearances, 181-133
treatment, 184
Cold agglutinins 1n viral prieumoma, 118

pse,
ulmonary (see Atelectasis)
therapy 387-396 {see also Pneumnothorax)
Complement fixation test,
influenal prcumonsa, in, 110
ococcal pnepmonia and, §9

Comunetia, Baemorthayic i hooping cough,
I

Conyunctivitss,
gneumosociat preumana complcating, 89
iosemicarbazones causing, 4
Contel 9
Convulsions 1n whooping cough, 158
Cortisone in beryllum pneumonia, 147
Coryza m bronchutis, 44, 51
Cough,
lung abscess prevention and, 200
pneumonia, in,
(mcheo—bmnchms‘ in, 320, 393
tuberculosss, sn, 130, 383
Cryprococeus neoformans, 168, 174
Cyanosss, * Llac " 1n influenzal preumonia, 108
Cylindruna in peumococca) preumonia, §9

i
|
|
|
|
|

Driphesany
clevation of, in prevrmococeal preurnonia, 71
pardlysis of, 1t pulmonary tuberculosis,
396397

Diarrhoea m pulmonary tuberculosts, 384
Diasone (n fuberculosis,
Dicoumarolia arcadition pneumonza, 152

dmbe(xc. n mberculous states, 382
neumonia, 1,
Di ydrusxr:plomycln 438
Diplococeus preumomae, 61
Drainage,
cavity, 415-419
escharotics n, 415
streptomycin, n, 415
external, pulmonary abscess in, 224
Tymphatic, of the lungs, 24
postural,
tuberculosis, pylmonary, m, 387
whooping cough, In, 159
suppuration, pulmonary, in, 228
s abscess, pulmonary, in, 2
bronchitis and,
acute trachea! and, $2-53
chronic,
coccidiosdomyeosis, 0, 180
emphysema and,
farmer's lung, n, 177

w!
Dyspepsia, mgulmonary tuberculosis, 384
Dysphzglz and inhalational pneumonia, 123
pnoca,
farm:l s fong, 1, 1

177
peumccoccal preumania, in, 77
tuberculosss, 1, 324

E

Effuss

absms‘;§ pulmonary, In, following treatment,

ricacdial,
P Racmatogenous tberculosis sccampany-
ng, 301

[£3]
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ERusions —confmued
percardal—confinsied

Enlcn!:)sj,duberculous, thiosemicarbazones, i,

rhificrat
phcatmg, 399
ral,

pneumothorax, artificial, and, 395
primary, chemotherapy, m,
pyrewa, prognosis and, 361
sptnal abscess and, 358
tuberculous, 355
¢children, n, 289
clinscal features, 360-361
comphcating, 363
encysted, 362
haematogeno
»-i ammosahcylu: aqd m, 361
streptomycin mn, 361
freatment, 361-362
tuberculin and streptomycrn in, 363
wvocal fremitus in, 323
Electro-welding, preusmonia and, 143
Embolisin, I
bronchial, abscess pulmonary and, 199, 209
pulmonary, pncumococcal precumonia, diag-
nos:s
pncumuthomx. artificial comphca(mg, 393 |
vascular, lung abscess, caused by, 19! ]
EmNphy_§cm:l,

PR . .40
Empyema, whoovmg Cough‘ n, 156
abscess, pulmonary and, 209, 2
acunomycosu. de\dopmcn! m, 164

v 20
mterlobar, pulmonary abscess and, 222
pocumonia and,
bacterial, non-pneumococcal, 95
pncumucocc:ll complicating, 85, 86
tuberculous, 363~
PAS 1, 364, 446
pn:umolhuraxg m,
artificial, 325
spontaneous, 363
streptomysin 1, 364, 436
364

treatment,
Encephalttis caused by toraloss, 173
aused by p! pneu-
monta, 74, 88
h #rea i pulm Y , 236

Enteric fevers,
bronchutus, acute tracheal and, 52 {

preumomnia, 1n, 103
6

Eopnophilia, pultrionary abscess, in, 223

Erythema,
multiforme,
coccrdiordomycosts and, 181
exudativum, pneumonza of, 113
nodosum,
coccidigrdomycosis, and, 181
tuberculosis an
pleural
pulmonary in children, 250
Erythrocyte sedimentation rate,
coccidiordamycasts, t, 184
montliasts, in,
mycoses, in, is7 .

breathing, chronic bronchitts, in, 59
pulmonary tuberculosis, in, 378
thoracoplasty, following, 414
Exposure, pneurnococcal pneumoma and, 75
Eye, muscular paralysis in whooping cough, 158

F

Faeces, examination of, tn pulmonary tuber-
culosis, 370
Failol's t;(mwgy, reduced oxygen saturation

Farmer's lung, 177-180
Farm-workers, aspergillosis of, 175
Fever,
streptomycip causing, 435
tuberculosis) pulmonary, treatment of, 383
Fibrosts,

bacterial pneumona,
and,

non-pncumococcal
95
hpond pneumonia, if,
Fistula, broncho-plevral, and artificial pneumo-
ihoray, 396
Foetor, pulmbnary absccis m, 214
paeumonia and, 241
Foreign bodxes. pulmonary abscess and, 238,

Fremllus 1n bronchtis, 44
Friedlander’s bacillus,
lung abscess, m 2“ 236

!



Fungys dlscases\t‘annmml
l‘zrmer's leg. 177
Mamentou f 1 SIS, 16316,
fistoplagmoy 185" 1gg
Laborago {estigations, 162-163
nooiliasrs, f71E:
spardioss, 7e3!11

'PO;

:
£
35

Ubiguyzys fungy, 175160
yeast.ye B, 167175

G

“ Gallopmg comumpnon ", 343

Gassmg,
bmnchms, acure tracheay from, 53
Pneumon, from, 13
treztmenl, 144

Gax:ts, lung irnitang, 142145

Gaslrrcromy, Nfarction l'ollowmg Tadiograpp,e

appcﬂmnl‘es, 240-24)
bel’ru'nsu, 370

togenqys mbemzlosu, 294313
@ ip IUmmocoge,] Pheumonyy, gg
21019 ang pulmonary abwesx, 239
”ammp/uhu:
mﬂm'nme.
bronchlm, 43
nCUmory, in, 93, 99 109
Pertussys, whoopmgfough, 154
Hﬂemomyx:s.
2bscess” pulmonary. . 214 215
Carclnoma, bmnchml, m, 237
Prcumop; o
Pheumocecyy 77
tube, lous lobar, los
Vﬂnad:um, 143
luberculo:l:, in, 319, 38
Haernolhorzt Comphcarmg Atificyay Preume.
thorgy 393
Halngens, Preumon,, from, 142
Headachc n pntunvococcal pneumoma, b
Heary,
e Dlacermey, m )
ﬁbnllauun n Preumoe,

bcrv:ulosls, 322
0Ccal prey.

Usative OTeanism, 85
clinicay I':dlu!ts. 186

aem.’llogencus lub:rculom and, 300
jicidence, 1gq

b

Taborargy,, Jiagnosys 160
prode of infecyore 185
Prognogs "o

mdmgraphvc ax\pearannes, 186, 187

eatment, jgo

Hirst togy 1 i0fluenyy pn:umoma. g
HOdgkln's dlsensn:, 10rulog,g and, 1.

| Homer'y S¥Yndrome, thoracy,

ting 4pg

Hydrochlonc ] cay

H}drapneurnorho

363

using.
2% 1n 1y,

gy o,
[

'

Y. and, 199 288
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Lobes—continued
branches of—contimed

Jaundice in , 77

complication of, 89
thiosemicarbazones caustng, 450

K

1dney,

bronchitre disease and, 43
Preurmococcl pneumonia and, 73
tubcrculous deposits in, 301

kymogmphy, r:spnrauon anl:i
Kyphosis 1n tuberculosts, 322

L

Laryngitis,
LTitant gases and, 142
tuberculoss and,
chemotherapy, 443, 445
haematogenous, 304
pnedmothorax, arificial and, 391
thiosemrcarbazones n, 450
X,
clncrime wn men o --
neutrophulic, In mycoses, 167
‘preumococcal preurnonia, m, 80
pulmonary tuberculosss, 1n, 373
Leucopema,
abs: pulmonary, i, 221

Lipiadol causing preumonsa, t

51
Liposttol, streptomycin and, thbition of, 433

Iver,

psittacate pneumonia, wm, 112

tuberculoma deposts in, 301
Lobation, abnormalities of, 17-19
Lubccmmy, 426 (see also Lung resection)

azygos mn of 17
branches
anter
basal of lower, 15
of left upper, 12
of right upper, 8
apual,
nfl 13
of ngm uppcr, 8

of left upper, 1
cardiac, of lowér, 15T
Im(encltr, of left upper, 12

at

basal, of lower, 15
of nght mddle, §
hngu\:: of teft upper, 12
i
bas:xl of lower, 1S
of right middle, 11
posterior,

'y abscess, 236 basal, of lower, 5

of sight upper, §
supersor, of left upper, 12
upper dmsmn of left wpper, 11
Jeft uppc}r -1
T, 1

nght,
axllary area, 8
lateral area, 8
muddte, 8-11

accessory, 22
agenests of, 22
.| blood supply, 25
Yl fungus m[:cnon {see under Fungus
1sea
lymphatic dmmage
parenchyma, abnommhucs of, 22
resecton,
bmnchoscopy m, 26
bronchostenasts, 420
cavitated lesions, 1n, 420
closed lestons, 1o, 420
indications, 424
results, 427
Atreptornycin m, 426
techmque, 42
tumogmphy n, 424
Lymph glands,
enlargement of, strepiomycin causing, 435
Instoplasmosis, 1, 18!
tuberculosss, spread by, 311
tracheo-bronchial, 346
Lymphadenopathy in blastomycosis, 190
Lymphangitis reticularis tubercutosa, 111

M

Manganese, preumonta from, 143
e, 352"
Mantoux test,
bronchopneumomia of children, 10, 281
tuberculosts, in,
haematogenous, 295
children, n, 277
and 75

Measles,
bronchutis, acute tracheal and, 51

pneumonia and,

{8}
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Measpeg Oty

2 H00Ding o following, 155
M,d,a"s'f,':,uﬁ,, “ - NS hary g, TREESE g, 148
acunomycosts, ffecting, 164 Netssopy,
displageeny of, arrhaps,
Procg and, 33y bronchms. in, 43
EMByemy, tubcrtuluux, 10, 363 pneumococcal nneurnoma, m, 93
eumococcalpncumnma, in, 7; p/mr)n.elf,
lymph~node enlar, "Ment 1n Dsittacoy;e Pnew. hitgs, n, 43
nia, 11y Umoma, 1, g,
Menmg:sm m vneurnochcalnneurnoma 80 Nephrsy,g K n‘;gl ating ! pney.
Menungy,g. Monya,
cho, 'Phocyte, Preumonry op 13 Neurys, Periphery), m pneurrﬂcocczl Per..
M0ntf a5, y, d, | monia, 9
2nd, Nickey Carbony, ; Cauging Prcumons,, 141, 143
Fnedhnder's bacylyg mplicating gy Mkelhnrmde " 83ssing 1g
eUmococey) 3! 88, 0 Nitroger, CQUstng Preumony, 140
Tbercufog,s. h.:crrutogcnoux, and, 315 Nitroye fumes,
forulog,s Sembling 171 bronchms, acure tracheq) from, 53
Mentayy, s fBerculoss, 356 / Preumong frone M1, 143
wrnchogenc, 335 4 Pulmongp, edema from, 143
Plmoyary” irealment of, 3, Nocarag,' 16y
“’cnmgu-cnceph.llmx from lorulosys, 133 / N iogs, 163, 167
Meteorsgny preumoniy, 73, 80, 13} CaUsayy o Srganisms, 63
Methy, bromude, Chnicay Features,
Preunse, from, 14 ICidence.
monary Dedema and, 14 pemieiihn "y e
Mitca) spon”, 3 8noss, 15
Broncp . Joute traghey and, 43, 45 Tadiographe FPPearInces, 15
Daemop 2 Causing, 315 [ treatmeny 167
PCUmothogy FopiReral, ang, 30, /
Monajg, draingge Tollow,ng lhnmcoplasly, 419 |
Onulasys gy 171 ! o
2 Sanitsm, 167
Clinicay Features 1y Occlusigy, broncp,gy Pulmonyp,, 3bscess secop,
Iaborap, agnagss, 140 dary to, 16
Mode o Afection, jgg Ocupaggn
Prognos;s j7; ! pncun: ! Pncumon, and, 75
fadio rz;{:h;c; [PPatances, 120 | odbercutoge Pulmopgy! and, jgg
reatment, UPationa) 3 Y -
MRS et test, 25, | Oce "c,,,o'}‘jg' 375 ' TRty
“Z’g’:;’;e-. s / Ocdelgn‘ Pulmonapy,
, 1, ttadyy
et 146 . 1o | teragey o PeUmG Ry in, i5)

{

merh_ylbmmtdc Causing 142
Mustapy gas Causing cvte rachey; bronchmi, ! mi 03 fy, 4

10US Fymeq Sausig 1
A1 505 berens Phosgen, Causing "y %
YoBiCteryy gy,
i s 0 Oesopl;-:,%r:lsu‘nuch of, halaygn Breumen,,
sulture 36 Old type, M, interg,, ionaf Standarg, 55,
Sihydrogyrep, VeI 1o, 4 Oligryy rcar,
BUCToscop aminanop o f 365 #I2_ compig "8,
faners vty 10, 30 oma, 89
essance oY ! Orathy g PrCuMOC00cat 1monia ang, gy
Strepy e m, 4Jl4]8 O llhosn, nellrnoma , 62, 12
Semsitivry 18] / Os Cdmeumoniy o0 41,
y m, Outis media con, Heatun, ne '0coceat -
aty, 1 SoPIng cougy, 156 onia, g5 P ating p pre
U Ocor AnCUMORIY gng. 7 Ovy-acerypone elding ang Prcumonsy, 144
Pllmongyy 162 / Ovygep,

Coses,
120me, 449
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Oxypen—contimed
saturation,
pneumococcz\l pneumonsa, 1n, 81
reduccd effects of, 3}
therap:
g.’lssmg, m, 145
preumonia, 1, 131

P

Pain,
pReumonic,
pheumococeat, 77
relief of, 130
rcspnrzuon m, 30

]
inese |

Percussion,
uammauon n tubereulosss, 323
therap;
abscess, bulmonary, in, 224
intrabrorichial foreign bodies, 1, 233
N suppumlnon pulmomry,m 228

. r

amﬁ;xpayf Pneumopentoneum complheating,

Phosgene,

Parotins
moma, §9

PAS,

absorption, 439

albuminuria caused by, 441

antagonists, 440

aphipyretic action, 441

blood clotting time and, 441

distribution, 440

dosage, 439

effusion, pleural, i, 361

empyema, mbemulous, n, 364, 446

excretion, 430

fever caused by,

£aSLrO-) lmesuml upse\s from, 446

history of, 438

kidneys, effect on, 44(

mode of action, 440

Mycobacteruim tuberculosis, sensiivity 10,

pneu-

3
pharmacology. 439
rashes causcd by, 441
resistance,
slreplomycm and 4149
toxicity,
tuberculosis 1 children, i, 200
Pasterella,
pesus, pneumonia of, 101
tularensis, pneumonia of, 102
Paul-Bunnell test 1n pneumona, 113
Penucillin,
abscess. pulmonary, 1n, 223
actinomycosis, 1n, 16’
nocardios:s, 10, 167
Umona, In,
ks Bacillus aniliracis. 101
bacter:a), non-pneumacoccal, 96
snfluenzal, |
measles and, 111
preumococcai, 92, 133
staphylocaceal,
pyopeumothorax, in, 232
suppuration, pulmonary, 1n, 228

hronchmx acue tracheal, from, 53
and, 141, 14.

Pulmonary oedéma Caused by, 144
Phrenic nerve,

y and, mn pul L

>
Plenra) wberculosts, n, 361
Phthisis, pneumonte, acute lohzr, 105‘106
Fl\vsnoth:rapy 1n pulmonary af s, 223
von Pirquet test in lubcrculos:s o(ch-ldr:n 270
eura,
actinomycosis, involvement n, 164
adhesions of, tuberculos's and, 356
cﬂusxon of,

non m, 370
radiographic appearances'of, 156
tubercolous, 355-356
perforation of, 358
thoracoplasty complicatng, 4G9
shock to, I aftificral pneumoxhora(, 393
tuberculosts of, 355-364

Pleurectomy 1n tuberculous empyema, 364
Pleurssy,

bronchitts, acute tracheal catarrhal com-
plicating,
dry, pneumocoecal prenmonia and, 72

ldwp.:lhlc, 353.350
pneumococcal pneumonia complicating, 86
sem~ﬁbrmous‘ pneumococcal  prieumtonia

luber:ulous, 355
effusion associated with, 355
mvalvement, stage of, 353
o¥ygen Consumption and, 3%
pneumocnoﬂl preumonia and, diagnasis
from, 9

Pneumococcus,

1nfluenzal pnesmonta, in, 109
pheumomz of, 67- 93 (I{t also Pneumonia,

ne:
posl-opemuve pulmon:ry lesions, 1n, 85

(1o}



INDEY

!
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&etiology, 133 seous, 341 5.
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areatmeny, 53 135 {  Pneum, <al, 67_g3
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Baciifyy ibraces, 10, formatyon and,’ {59
b:lcrcnal. 60-1p3 ve,

TORChIa] (sep Emnchu»pncumoma) | 2etiology eterminguon of, 93
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BePhyxianes, i} alcohojen and, 75
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X anenal expepnees and, g, 53
8ases, 142, / Anorey, in, 76
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Preumonta—contmued

cersbrospmal flurd examnation, 89
chest, signs m, 78-79
chloramphemco! 1n, 52
chlonde,
blood content 1n, 81
excretion,
chnical picture, 84-85
complications, 86~90
conjunctivitis complicating, 89
consolidation, signs of, 1, 7§
conveyance of, 75
cough i, 77
cylindruna mn, 39
ehrium tremens in, 77
differential diagnosis, 90-92
disorientation i, 77
distibution, 71
* doyble ™, 85
dyspnoea, 77
effusions complicating, 86
pericardtal, 88
empyerna complicating, 85, 86
endocardis, and, 74, 88
engorgement, lobar, 1n, 72
exhaustion and, 75
expectoration, 77
€xposure, 10, 75
fastigum, 76
gastrowntestinal symptoms in, 77
geographicat distrbution, 74
grey hepatization 1, 73
haematona mn, 83,
hacmoptysis tn, 77
eadache i, 76, 77
€art, signs 1n, 79
epatic swelling 10, 74
erpes in,
mmunity from, 69
natural, 75
maQdence, 66
nfancy, in, 84
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Preumonia—coatimued

nfaretion, pulmonaty, diagnosis from, 90
nfluenzal pneumoma, diagnosss from, 91

msomnia,
aundice 1n, 77, 89

aboratory investigations 1n, 80-83
feucocyte count, prognosts and, 92
leucacytosis mn, 80

lobar mvolvement, 12, 78
malnpipion and, 75

manganese smelting and, 75

“ massive ™,
meningism 1n, 80
memngtss and, 74, 88, 90
meteonsm in, 77, 8¢
mgratory, 85

morbid anatomy, 71-74
‘mortahty figures, 92
myocardial changes m, 74
nephrins complicatng, 89
nervous symptoms, 77, 80
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preumococcal—continued.
neuritis, peripheral, i, %0
nurogen retention in,
accupation and, 75
oliguna m, 89
onset, 76
oral hygiene and, 89
otitis media complicating, 85, 89
oxygen saturation in, 81
painn, 77
pancreatic changes in, 74
parotiis, acute, complicating, 89
pathogenesss of, 69
penicilln in, 92
penicardis and, 74, 88, 91
pentomtss and, 74, 89
personal factors i, 75
physical signs, 78
pleunsy 1, 72, 74, 86, 91
preumaoconiosis complicating, 88
prognosis, 92-93
* pseudo-crisis ™, 76
pyrevia in, 76
race incidence, 74
radiographic appearances, 82, 83
red hepatization, i, 72
relapse, 85 y
renal changes 1n, 74
resofution, 73

detayed, 87

rigor m,
scarlet fever, diagnosss from, 90
seasonal factors, 7-

serum therapy,

sex incrdence, 74

social conditions and, 74

splenic enlargement m, 74
Sureptococcus haemolyiicus wa, 85
sulphonamides in, 9.

susceptibility to, factors of, 74-76
symptoms,

tachypnoea 1n, 78

terminal, 85

termination, 77

thrombophlebitis mn, 50

tratma, tale of, 75

tubercolosts, pulmonary, complicating, 88

typhord fever, dragnosis from, 90
typhus fe;:r. diagnosis from, 90

SUPeL s Gy
gflmr‘;fzrypnca), 113-114
pseudo-lobar, 236
‘psittacosss-ornithosis group, 62, 63
psittacotie, 111113
rickettsial, 62, 65, 119-122
secondary,
smallpox, of, 113
staphylococca), 97-99

lvspxm(o;y catarrhal mfections and, 75
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Prcumonta—continued
staphylococcal—continied
abscess, pulmanary, and, 229, 230-234
bactenidlogy, 97
cluldren, 1n, 232
climical picture, 98

prognosr;
radlograprguc appearances, 235
s
sygmpwms 98
treatment,
Stevens-Johnson syndrome, of, 113
streptococeal, pulmonary abscess and, 199,

suppurmm. pulmonary abscess in, 202
n-specific, fung abscess and, 239
erueal,
treatment, 129-136
aurcomycin, 133
<ardiovascular system 1n, 131
chloramphericol,
convalescence and, 135

30
dmnum control of, 131
general
|nsommz rehef of, 130
meteortsm,
nursmg 129

0 administration, §31

P rehef of 130
penicallin, 133
speaific, 132-135
sulphonarnides, 133
terramycin, 133

tulacaemic, 102
undglant fever n, 103
viral, F11-Y!
eumassecal, disgnosis from, 91
Pneumomtis,
abscess, pulmonacy, , 202, 219, 221
berylhum pneumonia. diagrosrs from, 146
cocardioidomycosis, 10, 184
defimuon, 60
suppurative,
abscess, pulmonary, and, 242
nocardiosss, i, 167

pheumonia, 3
Preumopentoneum, m\fwm 397-399
pleural tuberculosis, in, 361
ymothorax,
araficial,
admnons revealed by, 358
age 1n, 391
aic embolism complicatng, 393

|
|

Paeumothorax—contnued
artficial—conftmied

anaesthesia, 392
apparatus for, 392
asthma an
atelectasis and, 394
complications, 393-394
contra-indications, 390
effuston, pleural, an
empyema, |ubercu|aus and 395
extrapleural. 399403
fistula, broncho-pleurdl, and, 396,
haemothorax complicating, 393
heart disease and,

pleural e compummg, 93
position for, 3!
Dregnancy ol 3
nadiographic zppearanc:s 150
reﬁllmg.
site 3
T pepebronchyts and, 1
traumatic complicating, 393
tuberculosts, n, bronchogenic, 344
‘haematogenous, 3
ploural 358
Sponianeo
i, complcatig, 393
empyema, tuberculous, and, 363
Pleural perforation from,
radiographic appearance, 359
preunonsa, berylium, 15, 147
valvular,
Vo St n, 323
whoopig cough, comphicating, 157, 158
Poliomyelits, whooping cough immunization

Polyoythaemia, Otygen Saturation, reduced,
LA )

1 N . Y]

attificrdl peumothorax and, B

tuberculosss, pulmonary, and,

Premensiyual semparatord i piimonary tuber-

Pronun 1n tubetculosrs, 487, 448

Promuzole tn tuberculosis, 447, 443
Prothrombm level, control i irradiation
pncumonia, 152
Psittacosts,
preumotia of €2, 111-113
tubercrlos and, 384

s, pul
Punthed protei demvatives, 252, 210
chidren, yo, 237
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Racual factors,

Rndxographm apmmnccs
actinomycosis, 165-166
bronchitis, 1,

acute tracheal, 44, 50
chronic,
broncho-pneumonia, 1n,
children, 281
tuberculous, 107

epttuberculous, 103
Friedlander’s b:ml[us 97
wrradsation, 151
nckettsial, 120
staphylacoceal, 98
tuberculous lobar, 106
nitrous fumes gassing, 54
nocardiosis, 1
tuberculosss, n,
haematogenous, 297
Iymphogenaus, 311
rminmal Jesions, 337
pu‘l_monary emphysematous, chromic dif-
use,
whunpmg cough, 157
Rectum, prolapse of, whooplng cough, com-
plicatme,
Resection, lung, chemotherapy 1n, 445-447
Renal function and chemotherapy, 372
Respiration,
alveol and, 23
gas exchange 11, 26-29
anowa and, 31
aortic reflexes, regulation and, 30
applied physiology of, 23-42
bronchal tree and, 23
carbon dioxtde,
adminsstration, problcrns of, 40-41
blood transport,
respreatory centre, aclmn on, 30
carotid reflexes, regulatton and, 30

Respiranon—continued
lymphatic drainage and, 24
muscles of, aspiration preumomia, m, 65
nervous contral and, 29
Oxygen,
admuntstration, problems of, 4041
consumption,
blood (ransporl of, 27-29
pam and, 3 N
regulation n! 29-31
residual are, 34

detaéhmc;lt of, complicating whooping
u,
mliary tubercules in meningitss, 442
Rib fixation 1n tuberculosis, 322
Rickettsia, pneumonta of, 62, 119, 120

S

Cammbas — swamecencs 270

e oy 20
Scolios:
lhomcophsly. prevention of, followng, 414
tuberculosis, 1n,
Sedatives in ‘whoaping cough, 159
I tests i pr Y
Simon focus, 3
bronchug:mc tuberculosis, in, 336
Sinuses, tuberculous, chemotherapy in, 447
Sleep, Jung abscess prevention and, 200
Social factors, pneumococcal pneumonta and,
*

n

Sodium Amytal n insomnia of paeumonta, 130

Sodmm Luminal in pncumonic dehrium, 131

Spne, tuberculous abscess of, pleural effusion
nd,

Spirogeaphy,
respiration and, 32
:otzl lung capacity, subdivisions of, 28

entavsement of,
hustoplasmosis, m,
haematogenous bomatosss, m. 295
m

catarrhat infections of, preu-
moma and,

cerebral cortex and regulation, 29

chnucal application, 3140

dead space, 37

dynamics of, 35

mmpulmonary mixing, 37

kymography 1, 32

lobule, lung, schemauc representation, 24

rickettstal peyrnonia. m, 120
psittacotc pneumonia, i, 112
lub:rculom:l deposits 1, 301

Sputut

bronchms, n, 43
monilasis, 1, 170

preumona, 1,
bacter:al, 95
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Sputum-—continued
preumonia, n~—goneinued
Fmdl-mdcr 'S, bncdlus, 96
poe ococcal.
staph)l
‘tuberculoas lcb.’lr, 106
tracheo-bronchitis, 1, 348
tuberculosss, ut,
hronchogtmc‘ 343
pulmonary, 320, 369
Spcmmchosrs 190-192
causatve organsay, 190192
Sporoteichun schencks, 190
Staphyfococeus aurens,
lung abscess, m, 211
pneumonta, in, 93, 97-98
Sl:vcns-]ghnse!\ syndrame, pregmonia, dnd,
1t

Sireptococeus,
waemoly ficus,
bronchitss, in, 43
pacamona, 1, 93
smococeal, 85
mucosus, 6‘7
preumon
Virsdans, bmnchms. 43
Strepromyces griseus, 431
Streptomyen,
abscess, puimonary, 1n, 223
absorption, 433
albuminurea, tn, 436
antagonssts,
cavity dramage and, 415
cystene, achon on, 433
dermatitis from, 436
distnbution, 433
eflusion, pleural, i, 361
empyema, tubereulous, in, 364, 446

Fned?andcr s bacillus poeamonia, m, 97
history, 4,

Llpos(m[ acton o, 413

mode of action, 433

Mycobacteriom tuberculosis, sensitonty fo,

eral adr;-umsnaxlon 41
PAS and, 441-447
Pastewrella penis,

wmonsa, n, 102
phammacolony, 43

souay, 433
whercoln and e pleural efusion, 363
tubcrculosis,
bronchogtmc 431433
matogenous, 32
wuhiary, fesistance 1n, 437

pulmonary,
chlldren, m, 250, 432
dosa,

wnnary chan 36
vestibular dlsmrban:ts from, 434

Streptomycin——contiaued
vitamin deficiencies ﬂam. 416
whoopag cough, 1o,
Sulptadmzme i mx‘drdlosls, 167
Sulphamezathne,
Pasteurella pestis p(\eumma, m, 102
staphy 1 preumonia,
Sulphetronein palmnnary(uberculosxs 447,448
Sulphonamides,
abscess, pulrionary, n, 228
actinomycosts, m, 167
blastomytoms,
bronchitis, acult Iracheal catarrhal, in, 48
peumonta, tn, 133
bacteril, nan-pneumococcal, s, 95
preamococcal,
staphylococca, 99
'arulos/s m, 173
Sulph
at\fagam:ls af, 448
tistory, 447
pharmacology, 443
results of treatment,
streptomyen tesistance and, 433
toxetty, 442
Sulphus dioade causing preurronra, 141, 142

>

T

Tachypnoea n pnewmococral peumonsa, 78
Teeth canous, actinomycosis and, 163
Terramycin,

pneumonia, in, 133

whooping cough m, 159

Thiacetazone, 44
Thms:mlcarb:lzoncs 450
Thioparamizone, 449
Thoraceplasty, 403-41§

anaesthesia, 404

atelectasts, and, 410, 41
cavity opening cornphcanng, 410
chemotherapy
comphcalwns 0{ 406410

post-operative, 410
e«rﬂs& rtmtdl.\l , 414
Hon comphcaimz, a9
Monaldl dmnzgc {ol)o\klng 419
pathological effect
ph):lulcgrcal z«ecu

ueal pcrfommn mmphm\mg. 406
r!umba
pn:umnnecmmy. Iollo\ung, 4%
post-operatnc, 4

Tesults, 415

l losis, prevention of, 414
symp:uhehc d:m:\ge complicating, 409
technuque,
thoractc duct damage complicang 410
tuberculoss, exteafascral, comphmmg ae

Theeshers, aspergdioss of,

Torush, ofo-pharyngeal, T

Tibione,

Tobaceo smakmg. bronchits, chronie and, 56
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Torula le.rmlyuca. 171

Toruloma, 172, 174

Torulosis,” I7l 173

Tov(aerglla‘ bronchogenic tuberculosis, 1n, 316,

Tracheitis, manganese causing, 1

Tracheo-bronchitis, lubcrculouS, 34&351
bronchoscopy, 346
!:oug}’l and, 320

' tuber-
Tuberculin, 252-254
Lubeck disaster, 261
streptomycn and Pleural effuston, i, 363
tuberculosis, 1n,
children, 1, 270
Putmonary, 382-383
Tuberculoma, 301
Tuberculosss,
acquired resistance, 269
aleoholism and, 259
autopsy records, 248
bronchitis, aculc tracheal catarrhal,
phcating,
bronchogenic, 314-354
aehology,
mimmal lesion of, 336
bronctutis and, 3
caseation, 339, 341
cawitation,
evelopment of, 337, 338
dissemunated lesion, offects of, 336
endogenous exacerbation, 33
exogenous infection, 332
extent of disease, 327
fibrosis, 329
cavitation and, 344
haematogenous origin, 315
meipsent lesions, 32

com-

progress after, 339-3:
radiological charactenistics, 324
indrvidual reaction of hmg ugsue, 314
Koch phenomenon m, 3
mentality m, 3
occluston, bronch(al and, 344
- sputum 1n, 343
origm of post-primary lesions, 315
penfocal exudation 1, 339
pleural eflusion and, lreatmenl 351
pressure, oscillagtons of, 315
primary lesion, 337
production of, 331
[16}

Tuberculosis—continued

bronchogenic~ontinued ‘
prognosts, 343
progress of dnsease 337
factors affectng, 339
radiographtc appearances, 328-330, 335,

Ressner's classification, 325,
retrogression of dlsease 337
Smon’s foct in, 336
stabulization of disease, 337
subclavicular nodularearly. mﬁnmw 326
superinfection, exogenous, 332-3;
symptoms of, 327
treatment, indications, 338
carners, 262
cattle contacts, 266
chemotherapy in, 431-456
dibydrostreptomycin, 438
p-aminosalicylic acid, 438-441
micotinaminic analugu:s 451
sireptomycin, 431438
sulphones,
thiosemicarbazones, 449-451
chuldren, in, 270-293
adenttts, hilar, complicanng, 284
adult fype mﬁl(mmn 284
BCGs
bmncho pneumoma and, 230-284
bronthostopy 1, 291
disseminated lestons, 290
mncidence, 270
Mantous test, 277
muthiasy, 284
percutancous test 1, 277
pleural effuston 1n, 289
prevention, 291-293
primary Jestons, 277
chrical manifestations, 279

course,
glandular snyob.ement, 278
nutral reactiort, Z:

patholosy,
radmgraph.c ev:dcnce‘ 279
situation, 27;
streptomyctn, 290
treatment, 290-29
puried protein dcnvahvcs m, 277
tuberculin tests, 270
compansons 11, 277
vort Pirquet test in, 270
contacts, 262 .
crude death rates, 247
DDS 1, 447,448
dusorte 1, 44
Zraplet mfection, 260
employment and, 259
epidemiology, 245-273
extrapleural, chemotherapy n, 447
factory contacts, 266
fibrocaseous, 344-346
fibroud, 346
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manag:mem. 312 amen, Thoey, m, 31
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Miliary, radtogmphlc app:amnce, 299 telectag mn, 321
Pleyra) effusion accompanymg, 300 ausculmrmn i, 323
Primary, mamksranoru, 300-3g3 biopsy n, 373
Progngsys, 311-3)3 bloog Picture, 173
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Fadiograpf . “PPearances, 297, 299, 305.
310
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Simon focys 1, 300
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Tuberculosis—continued
pulmonary—-contuued
treatment-connimued .

Tuberculosis—connnued f
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/ travelling and, 385

pulmonary—~continied
pleural flud 1, 323, 371

87 tuberculin, 382-383 N
pregnancy and, 3 v:mxlanon and, 385
puerpzral rChpaC m 381 village settlements, 378
pulse rate (a, vitamin deficiency mn, 384
radmgraphxc nppe.lr.\m:ts 313 weight loss 1n, 334
riles 1, 3. working conditions and, 385

thonchi m J 3
nb fixation 1n, 322
scohasts i, 332

J tumours causing lm:mnplysls 319
ulcers and, 319
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