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vin FOREWORD

Chmical Apphcation of Bronchology conshtutes a real addition to the
hterature of bronchology and will be read with interest and profit by
practitioners of internal medicime, pediatricians, roentgenologists, and
surgeons, as well as by bronchologists

Cuevaurer L Jacksov, M D



Preface

1n the sixty years smee its development the bronchoseope has come
to be regarded not only as an wstrument for the removal of foreign
bodaes from the bronch: and thes adjacent organs but also as an mvate
able dug and th As a result of the possibilities
seen for ehimeal appl of the & k 3 new And
medhenl specialty came 1ato bemng—that of bmnc)m)agy the study and
treatment of the bropchial tree
With the tmprovement of the bronchoscope and with the recogmition
of its versatility the use of the wstrument 1n the diagnosis and treatment
of diseases of the lungs and thew assaciated structures 15 of mereasing
mterest and importnce Bronchoscopic exarmnation 1n conjunction with
the usual physical xray and laboratory exammations now enables the
tle general d an nfermst of surgeon—
to dignose diseases or dyst of the entire resy } tract or a
mrnute part of 1t with greater accuracy and with less dlscowfoﬂ for the
patient
Becwuse this book is writen for genera) practioners and other physt
crans who are interested i bronchalogy and who may have accasion to
use the bmnclmsmpe m therr practice basic techmques for s use pre
and h of the patent and
other practical mformation are described 1 detail
Of course not every condrtion whnch might mdiete bronchoscope
procedures is included in this book However those most frequently en
countered are discussed tn detail and the general prmc:plcs are apph
cable mn the and of most
Many physteians still have the notion that the brancliologist s function
1s merely to provide a description of the color and condition of the mucosa
or the width of the bronchial Jumens Tlus notion 1s basically incorrect
for the bronchologist by his traming and expenence can also discern
and anterpret the finer nuances of abnarmalities such as small deform
ties accordhon hke motion 1 lateral sluft of the tracheal cannr dullness
of the bronclual spurs type number and size of spots of secretion or
degrees of dummshed bronclual wovements and thercfore he 1s bemng
called upon more often to evaluste and to ad m the solution of problems
redated to diseses of 1 e Jungs
1t 1s the hope of the zuthar thit the materal presented here will be
used by the physician 25 an up to date gwde for bronchoscopic prace
ix




x PREFACE

dures and that 1t will show how the experzence and the techniques of the
bronchologist can be of value m discermng and diagnosing diseases of
the lungs

It 15 now my pleasure to acknowledge and thank some of the people
who gave me such earnest cooperation 1n my chimeal work m Budapest
Among them are Jozsef Balo, pathologist, Ferene Kovits, Sr, and
Ferenc Kovits Jr, pulmonologists, Oszhér Gorgény: Gottche and Géza
Peteny1, pediatricians, Mihaly Erdely:, roentgenologist, Imre Kerenys,
Andris Bikfalvi, and Attila Balds, chest surgeons My mmediate talented
and devoted assistants were lona Szekdes, Zoltin Selymes, Zoltin Libas,
and Gyorgy Mihok, otolaryngologists, and Mdira Fazekas, head nurse,
and Anna Sandor, operating room nurse

To Dorothy D Robmson, who made many of the drawmgs for the
book, I wish to express my sincere appreciation for her excellent work

1am My mdebted to the following authors for the pnivilege of
reproducing figures and tables from therr works: Maurice T C Banéty,
Russel Brock, Edwin N Broyles, Julus E Comroe, Jr, Nolan L Kalt-
rerder, Ferenc Kovits, Jr, Arthur Proetz, Johannes A G Rhodm, and
Ernst Stutz

Finally, T wish to espress my sincere gratitude to Dr Chevalier L
Jackson for s interest and efforts on my behalf i the publishing of this
book, for providing helpful suggestions, and for honoring 1t wath a fore-
word, to Dr Charles M Norns for his guidance in the many problems
one faces 1 translating a technieal work, and to Dr Ernest L McKenna
for the long hours he spent i correcting the English text

Dezso Kassay, M D
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Anatomy

THE BRO\CHIAL TREE

The tracheobronchiil system together with the primary lobuli resembles
a leafy tree The trackea represents the trunk of the trec the bronchs are
the branches and the primary lobuli the leaves The term “lung tree” 1s
descriptive not only of the shape of the tracheobronchial system but also
of 1ts functions In the “lung tree” as in real trees the branches—the
bronchi up to nd mncluding the termmal bronchioh—do not take part in
resprration: The respiratory organs of ¢ tree are ats leaves and similurly
the breathing parts of the hung are the respiratory bronchioh the alyeolar
ducts and the alieoli the alveolar ducts and the alveoli compnise the
primary lobuli (Frg 1) where 4s in leaves oxygen and carbon dionide
are exchanged Two or three primary lobuli compnse an acmnus The
term lung trec” could be used to refer to the whole aerited interor of
the lung and bronchial tree to the larger branclungs However since the
expression bronchial tree is so deeply rooted 1 routine medical work we
shall use 1t m this book the term “Tung tree™ will be used when referning
to some processes tn which not only the bronchial tree but the alveols are
metuded

In this monograph upper and lower arrways will be mentioned in scy
el mstances The term upper arreay means the air tract abote the glottis
and the term fower atrieay wmeans the arr tract below

A physician should be familir wath the segmental branchmgs of the
bronclual tree Wathout this knowledge he cannot grasp the meantn,, of
up to date records of 1 pncumologst roentgenologist or bronchologst
He cannot analyze bronchograms and perhaps not even a simple g-ray
£l Thus fie nrty be left dec wdes tefand modern preamology

Many older phys crans did not Tearn the modern classification of #
broncln Two decades avo the medical schools were teachmg Adt
system of the pnimany secondiny tertiany etc branct ings of v Yoo ¢
a5 well a5 the “eputerri] and “hypaterl” broncly Todas Ac3 # fuy
svstemn 15 sctdom used the hiter one nover According 1o the Aed o gy

3



4 CLINICAL APPLICATIONS OF BRONCHOLOGCY

the primary bronchus 1s the mun bronchus the secondary the foba
bronchus the terhary the segmenta! bronchus and the quaternary ene
the subsegmental bronchus In general modern classfications deal wth
the segmentil bronchus but 1n some nvestigations the subsegmental
bronchus has been deseribed The segmental bronchus 15 a branch of the
lobar E hus the sub ! bronchus 1s 1 branch of the segmental

bronchus
The commuttee of the Fourth International Congress of Otolaryngology
(London 1949) discussed the questton of clissification and nomenclature

Thut
Fro 1 Bro ¢l 1l brncl ng of a seconlary Iob le 4 nen  BL LRI 5,
B bronclwle (tem nal bro of ole) BRI resprat ry beon hole L 2R T [,
tory Lronchiole IT (acina) bronel o1 ) DA sl eolw duct a wll 2, 5 gy
(Fros W § Mler Tle Lung 1 el 1950 Cotresy of Ch s

lister Spr gficld 1l oty )



ANATOMY 5

of the bronchial tree and came to an agreement** The imtcrnational
nomenclature 1s however only a modificatron of and i some aspects 15
not as correct as the Jackson Huber system ** The new nomenclature was
cnticized by Boyden ® and the author ® Because of the international agree
ment the London nomenclature 1s used 1n this text however we add twa
subsegmental bronchi more rmportant than the two (1 and 2 of the left
s de) that appeared in the new nomenclature (see the diagram later m
this chapter) We mention too the subapteal segmental bronchus of the
lower lobes which should also be included in the nomenclature

Description

The Trachea The trachea directed shghtly backward and to the night
divides nto right and left mawn bronchi (Fig 2) The spur between the
two man bronchi 15 called tracheal canna or carina tracheae 1t 1s a
sharply ending partition betw cen the airways of the two lungs and a very

landmark for the bronchologist during bronch

Tught Lung The nght mun bronchus 15 about 2 cm long and 15 wader
than the Jeft one It hes almost in the avis of the trachea Runnmg down
ward 1t deviates shghtly from the vertical laterally and backward The
nght mam bronchus divides mto two branches the upper lobe bronchus
and the stem bronchus (bronchus wntermedius) The latter follows the
direction of the main bronchus Its Jumen 1s narrower than that of the left
main bronchus It divides mto middle and lotwer lobe bronchs

The night upper lobe bronchus 1s directed laterally and runs almost
horizontally at a right angle to the mam bronchus In approvimately 70 per
cent of the cases 1t divides mto three branches m 20 per cent mto two
branches and m 10 per cent 1nto four branches { candelabra” position}
The three segmental brinches arc the apical posterior nd anterior
T the majonty of cases there are two aullary subsegmental branches
One origmates from the postenior bronchus the other from the anterior
Tn most cases of bifurcation the upper posterior bronchus divides into
the apicl and posterior branches the lower antenior bronchus mto
the antenor and an awllary branch In the “candelabra position the
four bronchr are represented by the above three segmental bronch:
Plus an avllary branch which i this case 15 considered a segmental
Yronchus it v 5 &1

The apical segmental bronchus supples the spet of the lung the
postenor bronchus supphes the postenor portion of the upper lobe and
somettmes the postertor portion of the apex as well The anterior scg
mental bronchus supphes branches for the antertor portion of the upper
Jobe that lies under the pectoral muscles The aullary subsegmental
bronchi as the name mphes supply the aullary portion of the upper




Fic 2 The bronel al tree up to the segmental and s b egmental Lrap hng T
traclea m man | onclus fn stem bronchus (I onclu ntermed s) 1 upper
lole bronch  ml n ldle lobe broncl s 1 lower lole bron h 1 It b
br chus ax allary s b egmental bronch s Tle nambers refer to the mumber of
each segment (see prge ) A Ancror e B C Lateral e

6



ANATOMY 7

lobes The subsegment supphed by this branch or branches 1s important
because atelectisis abscesses epituberculous changes etc  frequently
appear 1 ths region

The middle lobe bronchus ongnates on the antenor wall of the stem
Vronchus {bronchus intermedius) 2 to 3 ¢m below the upper lobe
‘bronchus 1t runs forward downward and shightly aterally sometmes
forming an S cusve Its two branches are the laters! and the medial seg
mental bronch: The lateral bronchus runs laterally and forward and
supphes the portion of the muddle lobe that Jies under the mamma The
medial bronchus 1s dirccted forward and shghtly downward supplying
the medt ] portien of the middle lobe thatis in contact wath the heart and
sternum

The nght lower lobe bronchus follows the direction of the mam
bronchus and stem bronchus Whereas the bronchi of the upper and
muddle lobes are considered as lobar bronchi up to their first branching
the lower lobe broncht are referred to as lower lobar bronchs as far as the
terminal basal branching even though two or three segmental branches
have ongmated before this point Thus the lower lobar bronchus spreads
its segmental branches not all from the same pomnt as do the upper and
muddle lobar bronch: (dichotomy ) but segmental bronch leave the Iobar
bronchus one fter another (monopodium )

The first branch of the lower lobe bronchus 1s the apteal segmental
bronchus This branch onginates on the posterior wall of the lower lobe
bronchus just opposttc or shghtly bcdow  the middle lobe bronchus It
divades 1nto three branches superior medal and lateral In an examma
tion of a bronchogram knowledge of these three bronch is necessary
The apical segmenttl bronchus supplies the upper portion of the Jower
lobe

The second branch of the lower lobe bronchus 1s the medial basal
scgmental bronchus ongmating from the medil aspect of the lobar
bronchus midway between the apical and antenor basal branches This
branch supplics the anterior mednl basal portion of the lower lobe m
contact with the dupbragm heart and the lower mediastinum

The nest branch 1s the antertor basal scqmental bronchus supplying
the antenior laterl basal portion of the lower lobe However m about
50 per cent of the etses t large bronchus (the subapicn]) which should
alsa be mentioned onginates opposite to and 1 little above the ongmn
of the anterior bsal branch it supplies the Iung tissue below the apical
segment

Below the anterior busal bronchus 1s the common trunk of the lateral
d the posterfor basal segmental bronchi The common trunk runs but
a short distance before it dinades mto these two basal branches The
Literal basal bronchus supplics branches to the lateral posterior bsal
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portion of the lower lobe The posterior basal bronchus extends ta the
lowest portion of the lung «nd therefore 1s called the ferminal bronchus
by many wnters 0

Left Lung The left mamn bronchus 15 45 to § ¢m long and divides 1ato
the upper wnd lotwer lobe bronch: The upper lobe bronchus runs forward
and laterally and after 1 distance of from 1 to 15 em dwides agun imto
upper and lower duwrsions

The upper dision turns sharply upward n 1 J curve and supphes the
uiper part of the left upper lobe which corresponds to the night upper
lobe

The lower division 15 generally called the lingular bronchus nd the
area supplied by 1t the lingula Ongmnlly the term hinguls was applied
only to the lower (tongue shaped) portion of the left upper lobe located
m the antenor phrenicocostal sinus recently the name Iingula 1s 1ppled
to the lower dvasion of the upper lobe that corresponds to the nght middle
Iobe

‘The author has named the upper portion of the left upper lobe which
1s supplied by the upper division bronchus the “truncated lobe” and
1ts bronchus the “truncated lobar bronchus”*e ¢ The term “truncated
lobe 15 apphed to this part of the lung because upper division refers only
to the bronchus and not to the umt of the lung In creting this term the
left upper Iobe was separated 1n theory from the Iingulr The use of the
term truncated lobe mmples that although this portion of the lung 1s
accepted i the segmental classtfication and m cl meal work as a lobe
1n reality and anatomically 1t 1s only a portion of the upper lobe thus 1tas

truncated The new term seems correctly to solve the controversy be

tween pure and both pted clssification and clinietl routine
In the following description the truncated lobar bronchus and the hingular
bronchus are considered as lobar bronchi homologous to the nght upper
and middle lobar broncht

The truncated lobar bronchus (upper dwvision) divides mto two
branches the apical and anterior segmental bronch: The apical segmental
bronchus divides 1nto the apical and posterior subsegmental bronchi

The third segmental bronchus 15 the antertor one which on the Jeft 1s
larger and 1n the apical direction supphes a wider area than the night
one
The axsllary subsegmental bronchy m this Jobe show a wide vartatton
but generally two aullary branches appear one from the apical and the
other from the anterior segmental bronchus

The hngular bronchus divides mto supertor and inferior segmental
bronchi The lingular superior one supplies the upper portion and the
hingular inferior one the lower portion of the Iingula The fenior branch
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neludes the tongue shaped portion extending mto the anteror phremco
ostal sius

The first branch of the left lower lobe, as in the nght lower Iobe, 1s the
spical scgmental bronchus

The anterior basal segmental bronchus 1s generally the second one
riginating from the lower lobar bronchus on the left The common trunk
livides further nto the lateral and posterior basal segmental bronch:
On the left the basal branches anse more closely to each other, the
Inision of these left bisal branches frequently 15 seen at the same level

The bronchial tree of the left lower lobe dxﬂers from that of the nght
ower lobe but their branch are ble The mam
Afference hes tn the fact that on the left 1 most cases the medial
hasal branch anses not from the lobar bronchus but from the antertor
basal bronchus representing 1ts first large medial branching Nevertheless
n 8 per cent of the cases the left resembles the nght in that the medial
basal branch oniginates from the lobar bronchus at a similar location One
other difference 1s that the subapical branch 1s not found so often on the
left (3n 8 per cent of the cases) as on the night (1 50 per cent)

Nomenclature

The follovang s a diagram of the nomenclature wsed w this book,
consisting of the London 1 * and the addi 1 broncht
given m parentheses

RicaT Lune LeFr Lung
Lobes Segments Lobes Segments
1 Apieal [1 2 Apical posterior
Upper 2 Postenor Truneated { 3 Antenor
3 Anterior 1 (Avillary)
(Axllary) Upper
4 Lateral { 4 Supenor
\tiddlo { 5 Medul e
6 Apical Apical
(Subapicl) (Suthlul)
7 Medial basal 8 Antenor
Lower or carduie Lower {(Medial antes
8 Anterior basal tior) basal
9 Laterl Insal 9 Lateral basal
10 Posterior basal Posterior hasal
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STRUCTURE OF THE BRONCHIAL WALL

To understand the diseases of the bronchi we must know the structure
of the bronchial wall, which can be described as consisting of the followmg
four man parts

1 The trachca

2 The prunary cartilaginous bronchy These are the bronch: between the
trachea and the ongms of the apical segmental bronch: of the lower
lobes Their structure 15 sinular to that of the trachea, therr lumens are
Lept open by C-shaped cartilges, the postertor wall, corresponding to
the open portion of the C, 1s b )

(the pares 1.
The caliber alterations of the trachea and of these bronch are made
possible by this membrane

8 The secondary cartilaginous broncht Small phques or lamellae of
cartilage are imbedded in the soft tissue of the wall of these broncln
These cartilages never form a contutuous circle, thus the lumens of
these broncht are able to widen and narrow

4 The wtralobular bronchi These are less than 1 mm in dimeter and
contan no cartilage

The walls of the broneh are composed of four layers.

1 The mucosa, which m turn has four layers

a The epithelium

b The tumca mucosae

¢ The mner elaste laver

d The muscular layers
2 The submucosa
3 The fibrocartilagmous layer
4 The pendronchum

Besides the 1 the most 1mg t of the bronchial
wall are the epithelhum, the pulmonary tonsil, the bronchual glands, the
muscles, the elastic fibers, and the dnerticula

1 The epithelum The epithelium consists of single-lay eredt cihated cefls
Among the eprthelial cells are also actie goblet cells The length of
a allum 15 equal to the dameter of an erythrocyte (Fig 4C) Ultra-
structure of the ciliated cell 1s demonstrated n Figure 4D and E The
aihary epithelium plays an important role in the physiology and pa-
thology of the lungs
2 The pulmonary tonsil The ! of the lymphocytes mn the
bronclual epithehal tissue may be so great and dense that 1t resembles
the pilatme tonsils Collectscly these structures are called pulmonary
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ANATOMY u

tonsil by Hayek * Ch 1ly the bronchial eprthehum which
covers these structures has no cilir

‘The bronchsal glands These are sved glinds both serous and mucous
They are scattered rather thichly throughout the bronchial wall Many
of them arc deeply imbedded and extend to the perbronchium beneath
the cartilages Thesr efferent ducts are estremely long and penetrate the
sexeral layers of the wall meluding the muscles As a result diseases
of the wall and pathologre actton of the muscles may eastly obstruct
the efferent ducts and eause accumulation of the secretion in the glands
Thus unusual penetration of the glands 1s an important factor in chrome
and def b hitis and ) s and 1n the pathology of
the “wceberg type” of bronchial wdenoma In the merdabular branch
which are less than 1 mm 1n drameter and m which no cartilage exasts,
thiere are no gland or goblt cells

The smooth muscle Smooth muscle ocenrs m farrly large amounts i
the mucous membrane under the emitheluin Generally the smooth
muscle is arranged 1n two or three nbbonhike tners the thickest bemng
the muscle fayer of the mucesa The muscle fibers are focated trans

versely m the membranous will of the tracher and in the primary
cartilaginons bronchr The contriction of these muscle fibers narrows
the Jumen Bitween the Cshiped cartilages there are longatudinal
Bbers crossed wath the trinsverse oblque ind longitudinal fibers

In the sceondary cirtshiginous bronehs the muscle is rather creulyr
The crreuttr musele 1s especially condensed round the onfices of the
lobnr bronels and supcnor segmental branches of the Jower lobes
Many eweular muscle fibers we found in the walls of the termnad
bronchiol Their contraction m1y consideribly narrow the bronchiolir
fumens and cavse severe dyspaca e g bronclual asthma Further,
they m1y ocelude the bronelioh and so called “reflox atelectasis™ may
aceur

The clastic elements These clanents resemble fbers imellae or
granules When the stretched clastic fibers e rchived they return
to thar onginal length According to location uix different Jands of
clastic fibers or layers are known The most important are the tmner
elistic Trver of the mucosa and the Liyers connecting the crtihiges
Ha sever elstic fibars hmellie nd geinules exist 1imost exerywhere
m the bronchil wall re between the muscle fihers and the cactilage
cells and also in the connective tissue round the glands

The mner ehistie Byer 1s composed of longitudinal and errculyr fibers
connecting the cwtiliges Thew locition s shown w Figwe 8 The
longstichin} fibers imit elongition and the emrcadar fibers haut ¢he
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dilatation of the bronchial wall The elastic fibers also pliy a role m
the pathology ot bronchtectasis

The dwerticule The diverticula occur in the secondary and tertiary
bronchi about four m a 1com length of bronchus A diverticulum
like the ducts of the bronehial glands opens on the surface of the
mucosa and generally bores through the musculwr lavers sometimes
penetrating as far as the peribronchial connective tissues In the tissue
surrounding a diwverticulum  an accumulation of Iymphocytes can
be observed The phy siologic functron of these structures 15 unknown
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however pathologteally they may play 2 role i the development of
deforming bronchitis

Summary

The tracheobronchial system may be called the “lung trec” but 1s re
ferred to in this book as the bronchual tree It consists of the trachea (the
“trunk” of the tree) broncht (“branches ) and primary lobuli (the
“leaves™) The exchange of oxygen and carbon dioude takes place i the
primary lobult which are made up of the alveolir ducts and alveol

The terminology used to describe or to refer to the bronchial tree
and 1ts patts 1s in accordance with the international nomencliture agreed
upon m London 1 1949 The nght and left lungs are each dmded mto
lobes which in turn are subdivided mto and n some o
1nto subsegmental branches

The bronclual wall consists of four main structural parts the trachea
the primary and secondary cartilaginous bronch: and the intralobular
bronehi The bronchial wall has four layers the mucosa submucosa fibro
cartil layer and b h Sn other imp
are the layers of the th hell the pull y tonsil the
bronchial glands the muscles the elastic fibers and the dnerticula







Physiology

PHYSIOLOGY OF THE BRONCHI

The tracheobronehnal system 15 the passage for auflow Dunng tests of
normal respiration only 1bout twe thirds of the inhaled solume of a
single breath enters the theolt ove third ventilates only the conductive
arays In the respiratony trict the whaled wr 15 warmed and the
homdity increased by the mossture of the bronthial secretion thus the
mhaled arr 1s prepared for the aheoh

The bronchii} systom his 1 cle msmg function s well The most im
portant mechamsm for this purpose 15 the action of the cihary epithehum
with the aha moving mneess mtly duy and mght Wath slow movements
ble a swans head they withdrn then quickly stnke forvard (Fig 44
and B) These movements sweep the dust granules from the surface of
the mucos 1 toward the pharyny Howeser the granules do not touch the
eiha directly because they are corered with a very thin mvisible mucous
cupet {Fig 4C) on which the gronules £l and float on the sudace of
the ethary wave towrd the pharyoe to be saallowed iato the stomich
The mucous ¢ arpet pulls the dust granules from ares on which ne crlated
epithciom easts such ta the vocal cards and the pulmoniny tonst A
severe wllimmation destroys the ctha hut they regenerate within 10 to
153 Qwys Cold wnd drvness Junder the movement of the cila but therr
mavement 15 accelerated w alkabine ind siltv medin therefore mhatation
solutions contain small amounts of sat angd sodwm breirbonate

The hronche wndergo phy siologre movcments dormg respreation These
are torsion angulation dongation and eahiber change

Torsien The bronchus rotwes Mterally with cach mspiration and re
tarns sath exparatton like a torsion bar

Angulation In nspuration the broncln pariliel to the drphragm an
crease the angle of their refationship to ¢ 10h other more than the thagonal
tronchn The magmtude of the werewed angalation 1 from 2 to 15
degries

3
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Llongation. Dunag normal mspreatton, the laynx sinks 1 mm and
the tracheal cartna from 10 to 21 mm, because of the descent of the
diaphragm Also, as a resalt of the diaphragm’s descent and the expinsion
of the chest cavity, the bronchr become elongiated These mosements are
greatest near the diaph and the posterolateral chest walls, they
are smallest near the medsastimum and costovertebral steus This could be
the anatomre and physiologre eplanation of paravertebral preumomtis

Calber Changes The t izl caltber n and
dimunshes m expirabon Normally, these movements are moderate in
adults, but i cluldren are always more pronounced because of the softer
bronchial tissues The broncht mos e mdependently of respiration, because
they move with the hearts pulsttion Naturalh, the bronchi nearer the
heart pulsate more than those further anay

The bronchologist observing and knowang the normal physiologic move
ments of the bronchi, recognezes pathologte processes m the chest cavity by

if d or 4 b hal When large
mediastmal turnors, cysts etc, eust the movements of the chest wall are
transmutted extensively to the broneln The movements change the caliber,
especrlly, and are more extensnve 1 pulmonary emphysem1 and bronchial
asthma, because actwve exprratory pressure 35 exerted m these diseases
{Normally, exprration 1s passne, becanse alter actse mspration, the
thoracic organs return only pissively to therr normal resting position ) This
active expiratony pressure affects the trachel canna as well The tracheal
canna collipses i exprration and et I msp n an 3
like action The bronchiil mosements are drmimshed or absent if a
nriignant tumar embraces or covers the bronchial wall In the case of
an aorhe aneurysm the lower portion of the trachet and the left mam
bronchus pulsate strongly

PHYSIOLOGY OF RESPIRATION

As previously discussed, the tubular sy stem of the conducting awrways—
the nasal and pharyngeal cavittes and the interior of the laryns trachea,
hranchy, and b hiol v conducts, humudifies, warms and cleans the
air Since no effective g1 exchange occurs tu this system, 1t ts called the
anatomsc dead space In healthy indinidunls the volume of this space 1s
oot wdentacal worh that of the physiologic dead spece, whieh motodes,
besides the anatomic one, two adthtional ty pes of volume (1) the volume
of g1s which entilates the alveoh with no capilliry blood fiow and (2)
the \olume of gas that \entdates some aleol in excess of thit required to
supply the eypllsry blood fowmg around them with sufficient oqygen
Naturlly these additional solumes occur to a sigmficant degree only
pathologic pulmonary condittons
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Inhaled air 15 a mixture of mspured awr and dead space gas nich n carbon
diovide and low in ovygen from the previous expiration  Further, ar
entering only the anatomic dead spice on mspiation {with normal
breathing, about one third of the mhaled arr) does not come 1n contact
with alveolt and does not contribute to the artenahzation of the venous
blood Thus, the anatomic dead space, while 1t prepares the arr for the
alveoh by warmmng, humdify ing, and cleaning, hinders the effectiveness
of respiration by mivng and retarding the newly msprred air. These
two disadvantageous factors are unimportant 1n healthy mdnduals, but
m a patient with ses ere cardiopul y disorders eyvery molecule counts
In these cases, the dead space of the nasal, pharyngeal, and laryngeal cavi-
ties can be emmated by tracheotomy.

The aw passes inta the alvech through the conducting arways only
if the air pressure 1n the alveoh 1s less than the external atmospheric pres-
sure (the air flows from a region of higher pressure to one of lower pres-
sure) Conversely, after this mspiratory decrease mn pressure (the expres
sion “negative pressure” 1s frequently misused), the ahveolar pressure has
to be wcreased above the atmospheric pressure 1 order to press the air
out of the lung

Inspiration

During mspuratian a museuwlar effort enlarges the thoracic cage and so,
! g the p air into the alveoh The muscles which
ddate the thorax are the diaphragmatic and intercostal muscles, the levator
costarum muscle, the serratus posterior supenor and posterior infenor
muscles, plus the so c1lled “accessory respratory muscles™ {pectoral and
sternocleidomastord )

On nsprration, the highly arcuated dome of the daphragm, by con
traction of the radiant muscle fibers, becomes flattened This action is
simlar to what happens 1n the barrel of a syrmge when the needle, pomt-
mng upward, 15 drawn down Contraction and flattening of the dhaphragm
open the phremicocostal stnus Its costal and diaphragmatic walls are m
contact on exprration and 1n resting position, but they separate on mspira
tion and allow the inferior margin of the lungs to shde mto the opened
smus (Fig 5) Because of the descent of the diaphragm, the abdamma;
anterior wall bulges shightly forward This part of breathing 1s called
dianh ot abd I, resp The abd 1 breathing 15
more pronounced 11 men than m women In healthy conthons thas aspect
of the breathing action 1s hindered only duning pregnancy "

In imspiration, contraction of the previously mennone(} muscles ‘ll s
the sternocostal hoop around the costovertebral jont and widens the chest
cavity 1n both sagittal and frontal diameters Dunng this movement,

lly, the anterior of the ribs perform the largest eveursion
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The thorax widens jn the sagittal diamcter dunng anspirition because
the sntersor extremtties of the rihs hie an a lower level than the posterior
therefore when the nbs are elevated their antenor ends wre thrust for
ward The thorax widens in the frontal diameter for two reasons (1) The
middle (lateral) portion of a nb hes at a luvel below the plane which
passes through the anterior and postenor extremthies and (2) each nb
forms a curve which 1s larger than that of the rih wumediately above
therefore the trinsverse hameter of the thor v increises when the rhs
are rased to a higher plane Tlis aspeet of the breathing process 1s called
tharacic resy ration

Insertion of the driphragm 1s found anteriorly (pars sternalis) on the
xiphod process laterally (pars costilis) on the seventh to cleventh nbs
and postertorly (pars lumbalis) on the twelfth vertebra On the sternal
and costal parts during wsprration double ¢xeursion 15 performed by
these nscrtions In the course of clevation of the thoracic Wil 1 it
phragmatie msertion on 1 nb moves upward nd m the course of dilata
ton 1t moves outward (Fig 3) The diapt descends on

’//Cosml pleura

o)
NCentrum

INSPIRATION EXPIRATION

Fc § Cotalanldapls emat wall of the plrn wee ta) m s are in contact on
e 1 tthey wp mtc on apraton and all v the i fer ¢ mugn of the
kogstosile nt # pensd s Durngth penod of resp rabun e dupl m
nat et o oatl aut ol noes  tward anl alv epreond Tle d (lragn
Drends dete the £t tlat t6 tnrant Ltval inertons are cle atel The
atorcll s phenomen 1 88 g1 mgmeprliva ton
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despite the fact that its anterior and lateral msertions are elevated The

author suggests that this paradovic ph be called “phystol
paradox motion” This phenomenon 1s important i cases of pathologic
paradox of the diap} cases of p t valvular

emphysema, and phrenic paralysis (see Chap 38)

From the mspiratory elesation of the antertor and lateral portions of
the diaphragmatic insertions, which counteracts the descent of the da
phragm, and also from other factors, 1t can be concluded that dilatation
of the anterior part of the thorax 1s relatively less than that of the posterior
Actually, the dorsolateral part of the diaphragm performs the deepest
descent, which 15 1n accordance with the shape of the lungs * Anterorly
less pulmonary tissue exists than posteriorly, because most of this area of
the chest cavity 1s occupred by the heart and also by the dizphragm mn its
Ingher position On the left side a neghgibly small portion of the hngula
1s 10 contact with the diaphragm, but on the right side the mddle lobe
sits on a broader base Very charactenstically Christraen ™ called ths

-~
s

et rry

’

OOEOD

e ————

[

Fic 6 Dunng mspiration the heart 1s markedly moved forward,
shightly because of the physiologic paradot motion (see Fig 5)

but descends o
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num reaches the lateral chest walls This extreme arr dimnution may be
recogmized with percussion and may lead to a misjudgment Therefore
with crying infants great vigilance must be observed 1n evaluating the

) K1 3

by p

Interpleural Fissures

A brief mention should be mnde of the important role of the mter
pleurl fissures These are only }

ginary, becnuse the pheric pres
sure affecting the entire huge alveolar surface and external chest wall
forces the adjicent pleural sheets together Despate this immense double
sided force the pressure m the imaginary pleural fissures 1s less than 1
atm because the stretched pulmonary parenchyma rich m elwstic ele
ments engnges traction on the visceral pleurn In quiet conditions the
difference between the atmospheric and mterpleurnl pressures 15 minus 2
to 4 mm Hg at the end of deep insprration 1t may chmb to mnus 15 to
30 mm Hg This suction nses during mspiration 1n the mterpleural fis
ures and thorax to the ur frct physiolog n
the conductnne airways This icrease m mspiratory low pressure also
produces suction of the major veins facilitates the blood flow tow rd the
heart and thus facilitates the blood crrculation i the whole body

Pulmonary Volumes

Classification and Tests In the past pulmonary function has been
studied only m research Iaboratories and ats evaluation has been restricted
to apprusal of the patient s lustory physical signs and chest x ray findings
n chineal work Recently with mproved mstrumentation and chieal
methods research tests have become a part of the chmeal routine How
ever 1t must be emphasized that pulmonary function tests do not supplant
other diagnostic procedures They measure only function and cannot re
place an expressive lustory physical examination and radiologie bacterio
logic bronchoscopic or pathologic studies A pulmonry discase may exist
without disturbing function and function tests may show normal values
in the presence of a pulmonary leston

The lungs contam certamn volumes of air duning the dufferent phases of
respiration For decades the tests of pulmonary function consisted of the
a of these pul 5 mrvolumes These tests fuled to evaly
ate the functioning of the lungs because they measured only antomic
values and the functiomng of the lungs 1s 1 complex dynamic process
However since alterations in volume may be cwsed by chinges m func-
tion and vice versa 1t 1s important to know how volumes are classified
and what their normal values are Figure 7A illustrates the four prmary
lung volumes which do not oserlap wnd Figure 7B the four pulmonary
capacities which melude two or more primary volumes




PHYSIOLOGY 23

The vatal capacity and its subdivisions (inspiratory capacity, expiratory
reserve volume, and trdal volume) can be me 1sured by a simple spirom-
eter (Fig 9) Dunng the fest, the patient mspires maumally and then
expires completely mto the spirometer No ttme It s imposed m this
test

The residual and functional reserve voltmes are usually measured to-
gether by mdirect methods, such as the open and elosed eircint methods
{n both these methods, gases whuch are not dissalved readily sn the blood
or the lung tissues are used In the open circuit method, the nitrogen
concentration (80 per cent) 15 known m air and lung, the ptient re-
peatedly mspires pure ovygen and expires into a spirometer, which has
been thoroughly rinsed with oxy gen and contans no mtrogen In a healthy
mdndual, it takes about 2 minutes for the mitrogen to be completely
rmsed out of the lungs into the spirometer, but m patents with poor
entluon (asthma, emphysema, cysts), 1t requires 7 minutes or more

Dead space Residual volume

Expiratery reserve
volume

Tidot volume

Inspiratory
reserve volume

Maximal inspiratory tevel

. ry

Feow 4

torv resenve volume (After Comroe et of 13)



24 CLINIGAL APPLICATIONS OF BRONCHOLOGY

In the closed crremt method the patient breathes mto a spirometer 1n
wlhich the nitrogen concentratian 15 zero and rebreathes until the mung
15 complete In both methods the residual volume ot the total lung ca
paaity can be easily calculated from the total amount of gas and mitrogen
concentration 1n the sprometer The residual volume test begns at com
plete expiration and measurement of the total lung capacity starts at
the moment of maumal mspiration The residual volume is obtuned
by subtricting the vatal capacity which of coutse must also be mersured
from the total lung capacity Determimition of the same volumes miy be
carnied out with hehum The functional reserve cipacity may also be
d in the body plet) grapk

The total lung capactty 1s usually obtuned by measuring and adding

together the functionl residual volume and the mspiratory eapraty

Tase 1 Averace Nomaar Lung Vorumes

{In Bters)
50 young men 50 young women
(xecumbent) (recumbent)
e —
Age (years} 229 231
Height (cm) 1762 1634
Weight (Lg) 725 572
370 24

Inspiratory capacity

Expiratory resere volume 098 073
Vital capacty 478 314
Residual volume 1 110
Ft netional residual capacity 213 182
Total u ng capacity _5_97 424

198¢ 259%

RV/TLC ratio

e e
sovncz N L holtreder W W Fray and Il Z Hyde Effect of age on total
pulmonary capac ty and its subd wsons Am Rev Tuberc 37662 1938

The deviations from the average show that vanations are considerable
consequently deviations from “normal must be sl\ﬁicmntly Trge before
they can be Tegarded as subnormal Devation o caprcity may
be as much as 20 per cent for example

Pathologic Deviations Low uital capacty 1y diseases

15 oply 2 sagn and not pathogmomonic of any vna:lw,b ;
\l'y 1sabtly
an even 1ppedr wi weinane
c e cases of an 1s0]

as has been freq M

test therefore a wital o'f no di
Seral ystad-capacity \ al]ue
po!

e 1n bronchial
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voliement pulmanary congestion and many other cardropuimonary s
osders

Increase of functional reswlual capacity represents hypermflation which
may tesult from emphysema penbroncluolr fibrosis d after
pulmonary resections with compeas ph defi of the
thorat cte The mere se of resudual v.alumc means that the Tungs remain
inflated even after mavimal expuration the patient cannot forec s Jungs
back to normal size In these conditions prthology caused by bronchial
obstruction due to secretton cangestion edem or other lesions has de
veloped in the thoracie wall m the respuatory muscles or m the long
tissues The residual volume may be decreased in cases m which alhveolar
ocelusion appesrs i many portions of the lungs as m diffuse Bbrosis

Chnges 10 the restdual volume/total lune capacity ratto merease when
ether the residual volume ts mereased (as 1n cases of asthma or emphy
sema ) or the total lung capaaity decreased {as in c1ses of fibrosis or put
monary vongestion) Howener residual volume greater than 35 per cent
of the total Jung volume does not mean pulmonary disabihity Older per
sons may be asymptomatic with a rahio as hugh as 50 per cent

The total lung wofume 1s decreased in cases of severe putmontry dis
t1ses {tumor atelectisss fbrosis edema ewdate ctc ) n cses of col
fapsed pul y tissues (p phy a ete)
or when the npmsmn of the thorax 1s impeded (1s m polmm)ehns ex
treme fibrosis <te ) The total Liag capaaity my be normal or even m
wreased i cases of emphysema luge cysts or fibrows of they lead to
hypennflation

Pulmonary Function

Tests The pulmonary salumes arc wmitomme factors bt the putmonary
function with the tas exchange as its pnmary purpose 1s a dynme
complet process avol tng several other factors (see Fig 8) (1) abolwr
senttlatton which weludes both volume md distrtbution of mr aderquate
salume of the mhaled ur must contact the alycolr cach rmnute and the
atr mast be distrsbuted evenly to the severa) lamdred mllion aheoh (2)
capilliry blood flow whieh 1be must be sufficient m volume per mmnute
und distnbuted cvenly to the aheolr and (3) dffusion by which ovygen
i etrbon diovde piss through the aheolir capllan men rines

1 Aheolar ventstition 1 nfinenced by three compenents {s) the rate
of breathing (b) the tudat volume and (¢} the sespiratory dcad spaces

Tht rite of frequeney of breattung s measured ro twely m pracuce
and hospstals It werages ihaut eleven to sixteen tmes per munute 1n
hedthy ainchvidualy

The tidal volume tmens the amaunt of gis spared or expired duning
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each respiratory cycle Tidal volumes are seldom measured 1n chneal
work, although they can be tested by spirometer or gasometer In these
tests 1t 15 more deswrable to use air, because the oxygen may change both
tidal volume and frequency In both methods the volume of gas breathed
per minute and the frequency must be measured, and from these measure
ments the average tidal volume can be caleulated In a healthy man, the
tidal volume averages 500 to 600 m! with considerable mdmidual devia
tions

In many laboratortes 1t 15 difficult to measure anatorme dead space
therefore the use of average values 1s permitted Approuimate average
values measured n recumbent positon are about 160 ml 1n young men
n young women, 120 m], and i older men, about 180 ml*

From frequency tidal volume and anatomtc dead space, mmute volume
and aheolar ventilation can be caleulited The average value of the
alveolar ventilation for a resting healthy man 1s approvimately 2 to 2.5
hters/min/sq m of body surface

Effect of the dead space on alveolar ventilation per minute 1s demon
strated by the examples m Table 2 Dead spice volume and mmute vol
ume were constant In each case the syme amount of aur (8 000 m!) entered
the airw1ys but not all of 1t entered the alveoli In subject A the high
frequency (four times higher than in subject C) could not compensate for
the low tidal volume (four times lower than m subject C), because m
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pitent vessels or to opening additronal ones, but decreases 1n older mdi
viduals probably because of the reduction m the number of capillanies

All these dynamte processes of pulmonary function (ventlation blood
flow, diffusion) aim to maintain the normal Po and Py, for arterialization
of the venous blood Elimmation of CO, 15 very unportant 1n the regulation
of the acid base balance Therefore, examinations of artenal otygen,
carbon dioxide, and pH yield valunble data, whether the function of the
lungs 15 adequate or not Estimation of arteril Oz from cyanasis of the
patient 15 far from preaise, because bl of the skin 15 infl d b
many factors (local anemia, diffe p of the shin
visual abihty of the physicran etc ) An average physician 15 unable to
detect reduced artenial O, saturation by observing cyanosis until st falls
to 75 to 85 per cent With chemtcal or photometnic methads, the O, satu
ration may be measured or arternial O, tension, which 1s more sensitive
for recogmzing a cardiopulmonary disease than the O, saturation, can be
tested by a bubble equilibrium techmque In healthy young men, the
normal mean value of saturation of hemoglobin with O, 1s 971 per cent,
and the normal mean value of the arterial O, tension 15 95 mm Hg

The ventilation 1s regulated chemically by the O; and CO, pressure and
by the respiratory acidosis which mcreases the Peo_ All three may cor
rect nadequate alveolr ventilabion Decrease 1n arterial Po, ( hypoxerma)
increases tidal volume and accelerates breathmng rate These changes are
mtiated 1n the chemoreceptors of the carotid and 1ortic bodies However,
they usually function only when hypoxemia becomes severe, that 15, n an
emergency The respiratory center 1s extremely sensive to changes 1
artenial Peo, If 1t nises, the respiratory center responds with an imcrease
m tidal volume and alveolar ventilation and later also m the rate of
breathing It 15 also well known that the sensitivity of the respiratory
center 1s easily depressed by cercbral mjuries, anesthesia drugs (mor
phine, barbiturates), severe hypovemia or by high concentration of CO.
itself A decrease m pH (aaidosis) also can cause an mcrease tudal
volume and alveolar ventilation, probably due to involvement of both the
centrum and chemoreceptors

Respiration 15 also regultted by the vagal nerve endmngs the pleura,
bronch: and parench They are lated b; hing of the pul
monary tissue on mspiration therefore, a reflex induced by this stimulos
regulates the depth of the mspiration This phenomenon 15 called tage
stretch, or Hering Breuer reflex

Dlag’nosllca'ﬂ) ,glhe measurements of artenal CO-~ and pH may be as
smportant as that of blood O Artenl Pen_ can be caleulated from values
of CO; content, pH and O, capacity, or by direct method of bubble f-“l‘;“
Iibnum techniques The normal value of artenal Peoy 15 about 41 mm Hg
and that of plasma pH about 74
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TABLE 3 AVERACE VALUES OF THF \osT Japortant Fuivonany
Funcr o Tests oy Youse Hescray Men

Breath ny freq sency 11 18/mm
Tudalsol me H0-600 m}
Deal space volme 150-160 m}
Al eolsr ventilation 2-25 ] ters/minfsq m of body surface
Tuse in gas concentrabion in even vent laton ™ <151
‘e thton/tlod fov rato 45 or 08
Diffus 1 g capacity 15 ml O /m n/mm Mg
Artereal satyrabiou of hemogl Fins 1! O 5713
Atteru T, 95 mm Ry
Antenat P ), 41 wm Uy
Plasma pH 74
Maximal beeat) 11g capacty B3-1445 Yers/min

*1n a test for e en ventilat on tsing 8 e 3 ngle-breath method e N concer tra
tiom does not nse more th n 1 5% m te Last 500 m! of exprred aheolar gas

Pathologre Deviations Deviations from “norm ™ breathing rate may
c1ll attention to cardropul ry disorders but do not the
magmtude of alveolir ventdation The tidil volume alone docs not de
termune the aheolar ventilation ather but together wath the rate of
breathing may be helpful in determtming massne hvposentilation of the
Tungs

A physicnn can determine by inspection whether the tharax performs
umform and adequite excursions and measurng with tape he can even
find more preaise data of the chest evcursion by percussion he examimes
o exeursion of the dinphragm wd by qwscultation shether the sheolas
«xpansion 15 reasonibly adequate An anesthetist estimntes the breathing

from the of the th bag

can determsne that an ¢ventutd hypaventidation 1s dne to 2 thoracic or
duphragmatic myalvement A phastelan who knows the importince of
e ahealir entilation and does not rely only upon the breathing rate
tries with these exuminations to Bod uscful impresstons of the pulmonany
function Howerver wlen an suspicion wnses 1hout the sufficiency of
ahcolar ventilation quantititive tosting 1s neeesstry - Al eolar senthtion
as was mentioned ean be caleudated from frequency tidal volume and
dead space volume

Uneven sentilition 1s obsersed commonly by even phymician when
bre athmg sounds wre daminushed or tbsent regionally by the rocntzen
ologist when onty some wets of the lungs Jight up” dunng mspration or
by the surgeon m eximinmg the chest opemng However not every
physionn »» Hmibar wath the fact that uneven ventilition can be caused
by chnges m chstiaty bronelual stonusis salvulir emphysema distugh
ance i espansion cte Al these may unale @ totad lung or scuttered
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areas of one lung or both lungs Hypoventilation of a whole Jung causes
hypoterma, mcreased Peq,, and acidosts Uneven ventddation leads to
hypoxemia, but does not necessanly ncrease Pep,

Imparment of diffusion mny be secondary to a number of pulmonary
diseases or due to the so called “alveolar capallary block,” which has been
found 1 cases of Boech’s sarcond, berylhum granulosis, asbestosis, pul
monary seleroderma, alveolar-celi carcmoma, sulfur dioude poisoning
and diffuse metastatic lesions m the lungs

Oxygen saturation mAy decrease 1in cases of hy poventilation, 1mpair
ment of diffusion venous to arterial shunts, or uneven ventilation

Increased Pco, metns hypoventslation, and 1ts decrease means hyper
ventifwion However, normal or decreased CO_ pressure does not prove
that a ses cre cardiopulmonary disorder 1s not present In a case of severe
disorder, the patient still may have capable alveol and energy to hyper
ventilate, e g, m cises of uneven ventiltion, but it requires such hard
Tesp y work that pul y disabihty develops without madequate
CO, elimmation

Tests of Mechamcal Factors

Ventiltory effort 15 reflected n changes of the mterplenral pressure
which are easily obtuned by measuring intraesophageal pressures with
a special balloon The stiffness or distensibility of the lungs and thorax
1s called mechanical compliance A normal value 1s 022 hter for each
centtmeter H O change m mtrapleural pressure D 4 complince
miy occur 1 several disord, such as or fibrosts

Another test 15 the measurement of the work of breathmg which 1
relted to the elastic recorl of the Jungs the resistance of arvways, ete
The total lung resistance and the airway resistance are also measurable

For evaluation of mechanical factors, the spirogriph 1s generally used
m chmeal work On a spirogram, tracmngs of sumple breathmg (udal »ol
ure}, forced wspiration and expwation (wital capacty and maumi
mspiratory or espiratory capactty), and mawmal breathing capioity
(voluntary breathing capaeity) are tested with a raprdly moving L)"moi
graph A normn! spurogram is shown in Figure 9 In measunng m.l'm;lil
breathing capacity (MBC) the patient breathes as deeply and as rapu /a'
as he can for 15 seconds The frequency s usually between 40 and ‘t
per minute, and the maximal mspiratory and exprratory capacity 15 abou
50 per cent of the vital capacity tested without forced rapidity e

In cises of expiratory obstruction, €€, m cases of emphysema, b
Tungs do not return after maumal nspiration (rapid overdistention) wi .
a contimuous moyvement to restng leve]l Between these wwo st\s;l'ts ol
respiration, several breaths are interposed, resulting m a steplike return
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to the left lung and air exchange to the night lung 1s maintained around the
catheter OF the double-Iumen catheter, the Carlens” type 15 now the mast
widely wsed There have been few attempts to attam new methods for
examnng the functions of lobes and segments separately

With bronchospirometry 1t 1s possible to measure the tidal volume,
wital capresty, and oxy gen ption of each lung Iy with teo
recording systems Normally the nght Jung performs about 55 per cent
of the ventilation and of the oxygen consumption and the Jelt Jung 45
per cent of each Noticeable devithion from this ratio means nmbiterat

pulmonary disease

\72

4‘
IR

Fi¢ 10 Schemate drawmg of the msestion of a broachospurometrie mmpdcm The
nght lung breathes through the stippled tube the left through the strip
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BRONCHOSTENOSIS

Duseases of the broncls Jungs and other thoraee organs freguently
cause bronchostenosis Mo matter what the eouse of stenosis the result
of the mechanseal obstruction 15 the same This chupter deals with these
consequences

The factors m the ongm and progress of stenosis e known they are
anatorme functianal and ¢nologie

Anatoruc

The stenosts may he located an the trachea n a wun bronchus m a
lobar Bronchus 19 & segmentl bronchus or (@ 2 mmor bropchuws up to
the bronchiolr This 15 the anatome fretor The general effect depends on
the evtent of the mvolved arca supphed by the stennsed or obstructed
Yronchus But the broncht may narrow m groups ss w1y alt the bronchale
{eg u branchind asthmt) the general ¢ffcet then 15 the most severe

Funchional

Depending on the degree of the stenosis we obsenne simple stenosis
valvulir emphysema or atelectasis These are the functional Esctore

Stmple Stenasts {Bypass valve Mel
menof tint
the stenn
the norm « namt w expuration the
Rarrawin » wnuns an obstacle 1 the way of the siflow anl g
sound anses m the majonty of cases Ti * 1
wheeze " wh -

Yabular } - r
the brencha § tauan

Atefectasie pvdnvt Mechamsn) In thas the bronchus s elosed in
both phses of respiration

Frologic

The obstructne material or kesion my be located mitrabronchnally
«ndobraackuly or bronchilly Thus branchostcaosns may be caused
by any onc of a venes of dfferent dueases The underlying disease 1 the
ctrologse fantar (Chap ™)

Respiration 15 a dynamic process Dunng respsraton the thoracic
pressure vanes The sesual pressure afterations mfluence the flow of the
tlood through the chest canity and w thus way affect the oty gen supply
of the arganism
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Bronch or occl dusturbs ths d hysiologte balance

and creates a pathologic condition which may mvolve the whole orginism

In bronch the 1 of awr for the alveoli may be tm

deq if the 1 ! transports air so quickly to the
alveoh that there 15 not sufficient time for warming and humidification
Cleansing of the bronchi and lungs and effective functioning of cihia are
hindered secretion of the glands 1s restramed Chevalier Jackson * calls
this process the “sclf drowning of arways Superimposed secondary
fection may cause severe mflammation such as recurrent pneumonia or
pleuropneumonia

In bronchostenosis two possibilities may anse (1) In spite of the degree
of the stenosis the patrent 1s able to heep the previous normal air exchange
with increased mmute volume (2) Aur exchange falls below the normal
level and chuses dyspnea

Superficial observation does not yield adequate mformation about the
pattents condiion For eximple doubled respiratory rate cannot be
recognized 1 2 quietly sithing individual until st 15 tested and an average
physician 1s umable to detcct reduced arterial oxygen saturation by ob
serving cy wosis until 1t falls to 75 to 85 per cent Exact observation and
recording can be done only with a knowledge of the types and symptoms
of dyspnea 1t may be wspiratory, expuatory or mived because of the
impairment respectively of mspiration expiration or both Also two other
types of dyspnea are known reflex and physicochemtcal Both may be
observed at the stme time

Reflex Dyspnea Reflex dyspnea 1s based on the Herung Breuer refles
The most important stimulus of the respiratory center 15 jncreased carbon
diowide 1n the blood But another stimulus exists s well afferent 1m
pulses from sensitive nerve endings 1n respiratory muscles chest wall
pleura and lungs These mpulses tend to lmet both nspiration and ex
prration but 1ly the depth of nsp n normal d s
15 the Hening Breuer reflex

If after a suddenly occurring b
airflow and normal pressure 1n the chest cavity rapudly change afferent

pull lize the pathol d to the respiratory center m
ereased. respiretony reflew movements oceur which may upset resprratory
balance and urgently mdicate surgical intervention

A charactenstic example of this process 1s presented by the pamc of a
young, tricheotomized child which alone may defeat decannulation
When a child wears a tracheal cannula for a fong penod he becomes
accustomed to the fact that through the relatnely wide tube air enters
the lungs without any effort But after the cannula has been remased an:l
the stoma collapsed or covered for a test of breathing air passes th;m:gdl
the physiologic but narrower canals of the nose and larynx Ths alter

b

hial of of normal
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The foregomg explanation relates to respiration the following will
pertam to blood circulation As previously mentioned mtrabronchual
and itratracheal pressure alterations affect the amount of blood Howing
through the chest cavity Esery cffective inspiration increases the pres
sure m the pul y artenies Ci quently in patients with laryngeal
tracheal or bronchial obstruction capillary blood pressure may ncrease
and cause serum diffusion mto the alveoli However forced mspration
produces another effect Increased suction aspirates more serum into the
alveolt As the effective alveolar surface dimimishes inspirations deepen
respiration accelerates and mspiratory suction and capillary pressure
increase more and more This vicious eircle Jeads first to congestion later
to drowning of alveol and finally to pulmonary edema

Thus pulmonary dyspnea results n 2 double effect respiratory and
cardrovascular

Respiratory \oderate stenosts or obstruction 1 a mmor bronchus
causes compensatory dyspnea (reflex or physicochemical) Severe laryn
geal or tracheal stenosis and obstruction of a mamn bronchus sooner or
later result in hypowa and resprratory decompensation

Cardiovascular Cardiovascular disturbances through congestion and
drowning alveol resultin pulmonary edema and circulatory disturbances

We have secn that bronchostenosis may cause profound alteration 1
bronchopulmonary physiologic actron This not only mvalses the distal
parenchyma but also alters normal mtrathoracte pressure 1mpaus its
regulation pathologically affects the amount of blood flowmng through
the chest cawity and alters the fluid content of the lungs Thus irreversible
changes may occur and 1t 1s therefore necessary to stop this dangerous
process

It must be determined with observation and accurate exammations
whether or not a patent 1s able to mamtun a suffictent ovygen Ieslc;le
Approaching or already present resprratory decompensation must

d and fatal q presented by emergency ovygen 1
sufflation or surgical mtervention diopol

Today a physician cannot be satisfied with evaluating a cardiopy
monary condition only by apprusing « patients history physteal slgn:s
or x ray findings of the chest In many cases quantitative mensurcmen‘d
of the pulmonary volumes alveolar ventilation capillary blood flow ﬂ:l(-
diffusing capacity examnations of the artenal oxygen carbon diox .
and pH and tests of the mechamica] factors or some part of all these tesw
are necessary Deviations from the normal may guide the physicran
correct diagnosis nd precise evaluation of his therapeutic resulft forenen

In pathologic y T pecially m cases of ior

bodses in culdren comparson of ¥ ray signs and the degree of dyspnea

Vi



PHYSIOLOGY 3

yields very valuable data n locthzing the stenosts It 1s very important to
Leep t mind that severe dyspnea 15 caused (evcept for hypopharyngeal
Jaryngeal or tracheal stenosis) only by simultaneous bilateral stenosts of
the major bronchi In a quict state an infant or a child breathes well with
one healthy lung (eg when the mam bronchus of the other lung 1s
occluded) Thus n stenosis of the lower respiritory tract if symptoms of
severe dyspnea are obsenied liryngeal tracheal or bilateral stenosis or
occlusion of major bronchi must be considered provided no other patho

logic process exists Further data may be obtamned by « ray examimation
{Figs 15and 113)

Airflow to and fro through a stenosis may produce stridor Stridor may
be heard as a blowing or whistling sound similar to a rattle the roll of a
drum the sound of yawning cte Depending on the phase of respiration
1 which 1t 1s audible stnidor may be inspiratory or expiratory as in
dyspnea It ssignalizes only stenosis and very rarely an occluston

In simple stenosis stiidor can be heard chiefly during expiration because
air stnkes the obstacle and makes a sound (oral wheeze) (Fig 20)
It 15 most audible when the examiner s ear 1s placed n front of the pa
tients mouth

In complete valvular emphysema stnidor can be heard only for some
minutes after a quick occlusion for example 1 foreign body aspiration
When the lung 1s already blown up to its mramal inspiratory volume
sound ceases to exist because the small amount of air which enters to
replace the absorbed ar at the chimax of mspirabion causes no stndor

In regular or wrregular incomplete valvalir emphysema stndor may be
audible in inspiration (1n expir ition the bronchus 1s closed ) or for a very
short time after expiration when trapped wur 1s escaping through the
complete occlusion (Fig 17) Tlus gentle strdor after expiration 1s audible
only with the stethascopo or phoncndoscape ind sounds ke an “aftcr
blowing closely following the expiration It s casily recotmzable to the
shilled ear beeause 1ts tone dffcrs distinctly from the sound of expiration
This symptom 15 important because roentgen symptoms m1 be absent
if only a portion of the lung 1s mvolved Some foreign bodies have been
dirgnosed only by means of this deheate symptom

In a majonity of the cases of atclectasis no stndor custs beense the
branchus 15 closed mn both phascs of respiration

n every case of bronchostenosis the anthor exaimines the patient with
astetl oscope following the fork of the trichea and myor bronchi on the
antenior cliest wall By this eximunation 1f stridor 15 present the stenosis
mu be localized The stenosis 1s located where the stridor sounds strons
tst Tor examples see Chapter 3 Cise 1 and Chapter 12 Case 9
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The foregomg explanation relates to respiration the following will
pertan to blood ewculation As previously mentioned intrabronchial
and ntratracheal pressure alterations affect the amount of blood fowang
through the chest cavity Every effectrve inspiration mcreases the pres
sure m the pul y arteries C quently 1 patrents wath Iryngeal
tracheal or bronchial obstruction capillary blood pressure may merease
and cause serum diffusion mto the alveol However forced nspiration
produces another effect Increased suction 1spieates more serum nto the
alveol As the effective alveolar surface diminishes mspurntions deepen
respiration accelerates and mspiritory suction and capillary pressure
ncrease more and more This victous circle leads first to congestion later
to drowming of alveolt and finally to pulmonary edema

Thus pulmonary dyspnea results 1 a double effect respiratory and
cardiovascular

Respiratory Moderate stenosis or obstruction m a mmor bronchus
causes compensatory dyspnea (reflex or physicochemical) Severe laryn
geal or tricheal stenosis and obstruction of a mam bronchus sooner or
later result i hypova and respiratory decompensation

Cardiovascular Carchovascular disturbances through congestion and
drowning alveolt resultn pul y edemt md latory disturbnces

Ve have seen that bronchostenosis my cause profound alteration 1
bronchopulmonary physiologic action This not only myvolves the distal
parenchyma but also alters normal imtrathoricic pressure mmpurs #§
regulation pathologically affects the amount of blood flowing through
the chest cavty and alters the flud content of the lungs Thus wresersible
changes may occur and it 15 therefore necessary to stop this dangerous
process

It must be determined with observation and accurate exammations
whether or not a patient 1s able to mantain a suffictent oxygen Tevel
Approaching or already present respiratory decompensation must be

and fatal qr prevented by emergency oxygen in
sufflntion or surgical intervention

Today a physicinn cannot be sahisfied with evaluating 2 cardiopul

monary condition enly by apprusing 2 patients listory physseal signs
or x ray findings of the chest In many cases guantitative measmemenfs‘
of the pulmonary volumes alveolar ventilation capillary blood How and
diffasing capacity 1ons of the artersal oxygen carbon dioude
and pH and tests of the mechan cal factors or some part of all these tests
are necessary Devintions from the normal may guide the physician to
correct dragnosis and precise evaluation of his therapeutic result

In pathologic respiratory mechamsms especially m cases of foregn
bodses 1n children comparson of < ray signs and the degree of dyspned
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Summary

The bronchial tree 15 the passage for airflow m which the mhaled ar
s warmed humdified and clened on its way mnto the lveoh

The broncht undergo phystologic mos ements duning respiration These
are torsion angulation elongation and eahber change

No effective gas evchinge occurs m the conductne arways which are
called anatomc dead space The phys oloic dead space meludes besides
the 1natomic one two others which play a sigmificant role only m patho
logic pulmonary canditions

Dunng wsprration a musculir effort enlirges the thorax in all three
dimensions and aspirates «ur mto the 1heoh as follows

1 The dome of the diaphrigm fattens 1nd deseends widens the thorat
vertictlly opens the phremcocostal sinus and lets the mferor margins
of the lungs shde mto the opened smus This process 1s called duaphrag
matic or abdominal respiration

2 The sternocost! hoap 1s elevated which widens the thorix in both
sagttal nd frontal ditmeters This process 1s called thoracic respration

3 The lewes of the driphrigm descend white its sternal and costal 1
sertions e elevated These processes counteract ech other therefore
this movement may be catled the “physiologie paradox motion ”

4 Dilatation of the wntenor portion of the Jungs 1s relatry ely less than
that of the posterior The night muddle lobe 1s loc tted at a disadvantageous
plice m regard to its breathing capicity

5 The heart rests on the lewst moved spot of the chaphragm where its
function 15 tmost undisturbed by the respiratory movements

During exmration the stretched elastic tissues with therr potentral
encrgy cause the lung and thorax to return to the resting respiratory les e
In norml conditions the expiration 15 a completely passive process and
1t becomes active only in certun conditions

In inspirttion the mediastinum becomes hghtened and namroved 1 S
trans\erse diameter because of 1ts elong thon i both vertical and sagital
dimeters On cxpration tae mediistinum widens This widenng 1§ €%
tremely pronounced i crymg infants

In quiet circumstances pressure mn the mterpleural fissures 15 less thin
1 atm and decreses further on mspirion This low pressure suching
blood from the caval seins into the heart ficthitates blood erculstion

The lung volumes we mercly antomic fictors and tests of these do n‘:ﬂ
evalute pulmonary function However 1lterations m solume mav be

wsed by chinges m function nd vice versa therefore 'ﬂtcmlmns‘l:

slume ctn be of dingnostic vilue and sng]mfy (i)ungcslm the course o

during therapy These tests are relitinvely simple

ls'1("’i:::e[)rmr1 u%r functl:t)m of the lungs 15 1 single one gas exchange How
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In evaluating the degree of these disturbances quantitative measure
ments of the pulmonary function are necessary mn many cases Comparison
of the x ray signs and the degree of dyspnea may yreld very valuable data
1 localization of a stenosis Stndor may be of great value not only m
localrzation but even mn discovery of a stenosis



Roentgenology

PATHOLOGIC RESPIRATORY MECHANISMS

Normudly changes of volume {cypansion and reduction} of hath lungs
are well balanced thercfore the medishuum and the heirt heep an un
alteredd position dunng respsration. The medinstinum and the bheart are
tike the tongue of a pair of scales wath the fungs as the plates except that
the balwnce 15 of volume not weight lmmotnlity of the “tongne™ md:
cates an equiibnium of the volume changes 1 both lungs {Fig 13)

1f the lumen of » major bronchus i substantally constricted or ob
structed then the equilibrian of solume 1s upset and the “tongue” of the
“scales” deviates Thus pathologie respratory mechamsins arse A pitho
Iogic respiratory mechanism 1s caused by an obstacle to the expsion
and reduction of volume of the tungs or a part thereof This alistacle
upscts the normal eqmbbrum of volume R as marked by o Taterad shft
of the medistinum and the heart (T1g 11) or the < ray middle shadow
This sign maght be named the “scales sy ”

Holzknecht* a rountgenofogst of Vienma m 1899 deserdl ed an < ray
sipn of bronchostenets the insprratory setraction of the medtastinnm and
heart inta the affected chest cauty He observed this sign in a case of
simple stenosis of the nght wmatn brotichus {n the past deeades 2 number
of wnters have heen dealing with the guestion of the pithologic mosy
ment of the mediastinum apd heart Some ke stated thit m cases of
“bypass vahve action for wiich the terma simple stenoss will be used in
this monograph and 1 crses of stelectasss no pathologre mavement of
the mediastinum and heart is obsenvable The ruthors own obsersations
have contradseted thus It was abserved that Hnlzhnecht s sign appe s
all three forms of pathologic vespiratory mechanisms that will 1o dis
cussed lwksw (swmple stenosts valvalar emphysems and atulectans}
The and heart snd lent of the degree of the stenasis
shift toward the invalied side

As quntioned above and as descnbed o Chapter 2, the pathologic
respuatory mechanism appedrs m three forms simple sterosis {1 ypass

4
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INsSPIRATION

NORMAL SIMPLE STENOSIS

FIG 11 The chest scales m which the “tongue’ of the scales 3 represented by
the medinstinum and heart Immobility of these structures ndicates equibbrum of
the valume of both Tungs during respirition while their dislocation 1nener + i
turhance of equiltbrium, tht 1 to s1y, stenous of ¢ major bronchus

valve mechamism), valvular emphysema {check-valse mech mism—1entil-
stenosis, or obstructive emphysema), and atelectasss (stop valse mecha-
nism)
All three forms can be caused by vanous sizes of the same broncho
stenosis, but are substantially different m respect to the condibon of the
affected part of the lung ANl three forms can be observed durng the
course of the same diness successively, alternately, or simultancowsly,
following the changes of the degree of the bronchostenosis (Case 2, n
this chapter, Figs 14, 66, and 110) The physical state of the part of the
Tung distal to the stenosis 1s as follows

In a simple constriction the lung or part of a lung which belongs to the
affected bronchus gets less air during msprration than the other lung or
the rest of the affected lung In vahulir emphysema the myvolved part of
the lung 1s mflated In an atelectasss the blocked part of the lung 1s airless

Simple Stenosis

In simple stenasis the lumen of the bronchus 1s hrge enough to allow arr
to pss to and fro, but with a deep msprratton the Jung distal to the con-
striction receves less air than the normal lung m the same space of time
The thorax dilates on both sides 1n the same proportion Thus, the lung
which gets less air and dilates loss durmg mspiration 15 followed by the
mediastinem and the heart to its own side, 1 e, to the myolved side Thos
because the insg y action s Tty faster

occurs duning 1
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and more vigorons The enymg cild for imstinee mspures i 1 or 2
seconds the ur needed for the lony cxpr wtion connected with seepog
Esen the shghttst motion 3s of diignostie s fue The inspiratory tighten
mg of the med, 35 not to be dered 1s 2 [lotakneeht suen
The pathologie moy emt nt of the medinstmum is e wised by n mere sed
DR IR I

ton 15 greater of the main bronchus or the bronchus intermedios ¥s con
stacted The Sne iter 1 stuft of the medistimum < akso be abscrved i
chaldren i stenoms of tie myor fobw bronchus But v still smabier
Dronehnal stenous generily docs not effeet wmy motion of the medistinum
The degree of a bronchal stenosis winch Cwises 1 pronouncd siuft 1s
demonstrated by the chiretenstic cise of 4 two vair-old cluld who hd
inspired the winding scrow of i larm clock The foraign body wasim
pacted mto the anfice of the Juft mam bronchus and constneted the
Bronchus i such a wn that the left lung brehied through the hole of
the foreign bods (Tig 12 The extern i diameter of the foreign bodv was

Fir 12 A hiteral x my {lm o ows a winding serew of an alarm cioch 1y Ge onfi o
of the [ &t man bronchs of 3 two year-ofd bov The left §ang was rewtbmg i g
e tole of the forugn bolv The externil dusmeter of the serew which nd eated
aha the dmeter of the Jumen of Bu hroncd us, sias 7 mm and o dhameter of
the hole was 18 mm A distinct Holrkn Jhts s 0 was observed to the dcft becawse
the Jumen of the teft main br nchus was 1ed cd by wbout 75 per cent o tl e left
Tover comer the removed fore gn body
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7 mm nd the dameter of the mner hole was 18 mm The distine
Holzknecht s sign could be obsertved to the left
Holzknechts sign can be observed n its most pronounced form 1
children smce it occurs more often appewrs sooner and fakes a more
pronounced form The tissues of the cluld are more elastic and generally
more eisily movable than the tissues of adults There 1s less fixition in the
thoracie cavity The tissues are more expansile thus making a more ex
tenstve deviation of the organs possible The Jumens of the bronch: are
narrower than 10 adults therefore cven a smill obstruchine peg can
produce pronounced symptoms
In describmg Holzknechts sign for the prtients hstory direction
of the movement of the middle shadow 15 indicated during mspiration
Thus Holzknechts sign to the right means that durmng msprration the
mddle shadow shifts toward the nght side The description should be
toward” rather than “to” because for evample 1n the cise of a complcte
obstructive emphysema the medsastinum and the heart cmnot get across

to the wnolied side
"To demonstrate the import ince of the Holzknecht sign i stmple stenosis

the follow ing case 1s most chiracteristic

Case 1 A gl bwo years of age ws under chinical treatment for §5 dys with
the diagnosis of lary ngeal croup As the respiratory d sturbances did not cease
she was transferred 1n a severely dyspneic state to another hospital There
she recerved strophtnthmn camphor dextrose and pentitiin for 12 days Se
cretion was asprrated twice from the trachea In the mornmg before she was
ransferred to our hosp tal bronchoscopy was performed The child well
developed was in a severe dyspnesc state From the drawing n of e jugulum
and n the epigastoum and from the function of the accessory muscles one
could unquestionably ascertain that the child was suffering from violent
stenosis of the air passages Fluoroscop ¢ examnation showed pronounced
Holzknecht s sign to the left Stndor found m exammation by stethoscope
was the strongest fust below the Jarynx

By direct Laryngoscoptc exammations a circular stucture m the trachea
15 ¢m below the gloths was percerved The tissues at the pont of the stenosis
were teddish and moderately hand

At thus state of the mspection it could have been concluded that the stric
fwne of the trachea which ciused the severe state of the child was the conse
quence of diphthena But the flnoroscopic exammnation showed Hof Rnechts
stgn to the left This indicated a stenos:s of the left maim bronchus

The bronchoscope was passed exsily through the tracher and the 8 mé,"
long and 6 mm wde skin of a sunflower seed was removed Because of the

stricture of the trachea tracheotory was performed bed oot
Two days Jater dwnng the changing of the cannula the child mugI ed out

through the cannula a lentl sized necrosed piece of tissue Direct xr{r:g{:

scopie examm ttion sha ved that the stncture of the trachea had completel
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disappewred S ¢ davs after tl e operation tl e cann ila wis removed On tle
fifteenth dav the chud left the hospital m perfect health

The cluld had not suffercd from ciphthena The prece of sunflower shin
had lain with the comex surface against the wall of the trachen It had
been 1a the trichen 57 days and produced granuhtion stenosis On the
day of the operation the first bronchoscopte mamipulation had pushed 1t
mnto the left mun bronchus where 1t hid been found amid an entirely
intact surrounding The Holzknecht sign had helped to locate the foreign
body and to cleir up the condition After removal of the foreign body
the granulation tissue was coughed out ind the child recovered

Valcular Fmph (¥ ental or Obst ¢ Fmphysema)

The term tental refers to a i of the b hus The term
obstructite emphysema refers chiefly to the condition of the lung The
term calvular emplhy both and 15 therefore more

applicable and more expressive than the other terms

It should be mentioned too that even the term emphysema s fnac
curate because m cases of valvular emphysema destruction of the pulmo
nary elastic elements which 1s very charactenstic of emphysema 1s absent
Furthermore the alveol arc 1 the stige of mivmal inspiration and are
inflated only during evpuration Therefore since this condition 15 patho
logre duning expirion 1t should be called exprratory hypennflation only
However the term emphysema will be used here beeause it has taken
root and been used for severil decdes

Classifi of valvular emphysema into four types 1s proposed by
the author complete partial wregular transitory and incomplete

Complete Valvular Lmpl In 2 complete valyular emph

the bronchus 15 obstructed durmg expirition 1s well as dunng the pauses

Fic 13 Anteropo tenor  ravs of a mne year-old girl w th complete val ular empl y
sema d e to a til ereulo s Jymph node wl ch ruptured into tl ¢ left main bronchus
A Dunng expration B During inspirat on
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of respirition Tn fact 1t opens and allows aur to penctrate mto the closed
part of the lung only when sspiration reaches the maumum The closed
part of the lung 15 inflated and dilated m consequence of the valvalar
actton Inmfants and children the expansion 1s greater because the tissues
are less resistant In older culdren and m adults the expansion s equid
lent to the state of maximal insprration

Dunng e and the subseq pause i breathing the expunded
lung pushes the mediastnum and the heart to the normal side and
presses the diphragm downward It 1s then that the state of cxpiration
should be photographed (Fiz 13A) The medwstmum and the heart
are moving back to the normnl! positrion dunng mspiration i the direction
of the mtolved side (Holtzhnecht’s sign) while the downward pressed
draphragm 1s ascendmng (paradox motion) ® With the mawumum of
mspiration the middle shadow reaches the median hne, thus it 15 m
its normal posiion This state 15 constant as long as the patient does not
expel the mspired air The state of fnspiration then 15 photographed
{Fig 13B} Respmratory sounds cannot be heard on the expwnded side

Specral roentgenograms during mspiration and exprration re desirable
for the demonstration of every single ease, because the normal lung 1s
deficient 1 arr dunng exprration and ths could be considered as an
atelectsis (Fig 17) The state of deep mspation shows the normal
condition The two roentgenogr ims together are of greatest importance in
establishing the dingnosis and m demonstrating the conditon (Fig 112)

Valvular Emphy with Partil Med: I Shift Valvulyr stenosis
occurs net only m a mam bronchus but also m one or two lobar broncht
In stch a case chiefly the normal Jobe of the myolved side 1s compressed
during expirtion 1s the result of the inflation of the affected lobe The
affected lobe 1s emplysematous «nd the normal one 15 deficient 1 arr
(Fig 14) Naturally, mn these cases the moving of the mediastinum 15
Iess than when the whole lung 1s involved The case on page 47 15 of ths
type
* Paradosic movement of the diaphragm appews aho m two other condions
prieumothorax and phrenic paralysis In pneumothorax the mechint m ts exactly e
that of sahlar emph even though horax the i 15 trapped 1 "'§
chest cauity and m salvalir emphysema it I trapped 1 the “hng tree ™ n coses o
a umlateral phreme paralysis the paralyzed leaf of the dJiaphragm ascends 0 2
higher level mto the chest cavity 11 mspiration st ascends even higher bcmh“jl‘
the sucking effect chuefly of the healthy side pulls 1t up However there 1 ths cha
actenstic difference between vahular emphysema and phrenic puabs Tle su/:lmg
of the healthy side which pulls the draphrigm up aho alfects the mediastmum an
Teart and » fncar trom pills them 10 the unmsolved side tf ¢ paritvzed duplT g

h and pien . ata

three valular
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Case 2 A Loy three vears of age had a poor appetite for 7 months and w15
losing weight Two months before hospatal investigation 4 night Titenil segt
ment shadaw could be observed (eptuberculosis) (Fig 14A), probibly a
rupture of a hmph node mto the Titeril segmental bronchus

A few dns before myestigatsion this shadow had been moving upward
(Fig 14Band ) An obstructine emphs sema deselaped in the night middile
and lower Wabes wath Haltzbnechts sign to the neht The motion extended
chuedly to the heart (Fiz. 14B and D) A new mipture inta the stem bronchus
was evident

Fic 14 Latcral x rays of a th1oc year-old boy A Segmental atelectasis (epituberen
fows) an the Tuteral scrment of the nght mu ldle lobe due ta ruptute of a tul creulous
ymph nide nto the corresponding bronchus B A new rptate occwrning fwo
months later into ¢ ¢ stem 1 Emchus ¢ using sabulir empkysem i the night middle
and lower hibes © The emp! ysematows muddle and lowes lobes pushed the atelectatic
segment upwmls X ray (B) taken on cxpration x ray (D) taken on inspuration
showiny, Holzknecht s sign to the nght (sce Cane 2)
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of respiration In fact, 1t opens and allows air to Penctrate into the closed
part of the Iung only when mspiration reaches the mastmum The closed
part of the lung 25 mflated and diated in consequence of the vahulir
action Inmfants and children the expansion 1s greater, because the tissues
are less resistant In older children and in adults the expansion 1s equia
Ient to the state of mavimal inspiration

Duning exprration and the subsequent piuse m bre thing the expinded
lung pushes the mediastmum and the heart to the normal side and
presses the diiphragm downward It 15 then that the state of expiration
should be photographed (Fig 18A) The meditstmum and the heart
are moving back to the normal position duting mspiration 1 the direction
of the mvolved side (Holtzhnecht’s sign) while the downward pressed
daphragm 15 ascending (paradox motion) * Wath the mavmum of
mspiration the middle shidow reaches the median Iine, thus it 1s 1
1ts normal position This state 1s constant as long as the patient does not
expel the mspired a;r The state of mspiration then 1s photogriphed
(Fig 13B) Respiratory sounds cannot be heard on the expanded side

Speaial roentgenagrams during mspiration and expiration are desirable
for the demonstrition of every single case, beciuse the norm! lung 15
defient m arr durng exprration and ths coold be considered as an
atelectasis {Fig 17) The state of deep nspiration shows the normal

The two amns together are of grettest importance 3

establishing the diagnosts and 1n demonstranng the condstion (Frg 113}

Valvular Emphysema with Partial Mediastmal Shift Valvulir stenosis
oceurs ot only 1 a mun bronchus but also m one or two fobar broncli
In such a case chiefly the normal lobe of the mvolved side 15 compressed
durmg expiration as the result of the mflttion of the affected lobe The
affected labe 1s emphysematous and the normal one 15 deficient m at
(Fig 14) Naturally, m these cases the moving of the medstnum 18
less than when the whole lung 15 nvolved The cise on page 47 15 of ths
type
® Paradouic movement of the duphragm appears abo n tno other conditions
preumothoras and phrentc pilysis In paeemothorax the mechanism 15 evactly 1\:'4
that of valsular emphysem1 even though in pneumothoras the ai 15 trapped 1 l‘;
chest cwity and in valvular emphysemn 1t 15 trapped in the “ung tree ™ In canes
2 unilateral phrene paralysss the prralyzed leaf of the diphragm ascends to 3
Iigher level mto the chest cavty 1n ispiration 1t ascends even fpf er beevese
the sucking effect chiefly of the healthy side pulls st up_ However, there s this chat
actetsstic difference between valvular emphysema and phresic prralysis The such ;
of the healthy side which pulls the diaphragm up aho affects the mediastionm an
heart and m wspiation pulls them to the ummolied nde the piriized ams:m"'
nes room for this action Thus, m phrew parshs the movoment of the dupid
35 piradouic but the med) shifts m sy to t Lolved side d'" co
st to theshfl n valular emphysenn (Holnechts sge) ta e a1

he ph

lrl::lhola‘glc paradr:‘ ;nmmn ‘ls faciltated by 1he vl :’nd Sheeme paralysis (Chep 2)
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Case & A boy three yeurs of age hid « poar appctite for 7 months and was
losing weight Two months before hospital mvesigihion v night Lateral seg
ment shadow could be obsered (epituberculosis) (Fig 14A) probibly 1
rupture of a hmph node into the lateral segmental bronehus

A few dans before mestigation this shidow hid been moving upward
{Fig 14B and C) An obstructine emphysem developed 1n the nght middle
and lower Iobes with Holtzhnechts sign ta the nght The motion extended
chiefly to the heart (Fig 14B and D} A new rupture into the stem bronchus
was evident
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Fic 15 Anteropostenor x rays of a nive month-old wfant A Film showang sabalir

emphysema of the whole left lung and of the right middle and lower lnbes due o

zupture of tuberculous lymph nades nto the left mun bronchus and into the nght

::emd?mmhus B Film taken after the yuptured content was removed from the
ronchs

A bronchoscopic examination revealed the lumen of the stem bronchus to
be blocked by pale granulations After these had been removed a caseous
ass the size of a small hazelnut was discharged through the fistul on the
medinl wall into the bronchus It was also 1emoved

The ob h 1 cersed dtately and the Holzknecht
sign, 10 days later

The lateral segmental atelectasis probably was caused by the rupture of 3
tuberculous lymph node, the same process produced the obstructive em
physema of the mddle and lawer lobes Therefore m this case it was ob
served that an atel and, ] Ty, a valvular empt were
caused by ruptures of tubercalous Iymph nodes

In ths case valvular stenosis was i the nght stem bronchus The right
middle and Jower lobes v ere evcluded from respiration The more strongly
movng part of the mediastnum  corresponding to the heart, Iny between
the affected Iobes of the right lung and the normal left Jung (Fgs H
and 120) 5

Valvular emphy sem 1 my occur on both sides at the same time { F;Sfﬂ
and 118) Tlus also happened 1 Case 10, described i Chapter 12 Tie
evidence 1n these cases, at vanince with the ongmal statement of Holz
knecht,** 15 that a motion of the mediastimum 1s not caused i every i:ﬁ:
by a umlateral stenos:s In bylateral valvulir emphysema the mﬂ“e
shadow moves during nspiration in the directron of the side swhere th

eater part of the Jung 1s affected (Fig 16)
grln thep cases shown 51 Figures 15 an%l 118 the valvular cmp}l)5‘?"’;“‘1"‘c
tended over the whole left lung and the middle and Jower Jobes omcd
right lung In these cases only that part of the mddle shadow m
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which 1oy petween the pormal uPRer 1obe of the nght 108 and the af
fected Yeft lung ft s the part abore the heart
1y 10 lateral of amtatertt stenosis it whichthe whole

As stated prev il

ung 1 Mot affected! hat 15 ¥ which the 3% bronchus 1% ot stenost

that part of th addle hadow winch hes setween the ormal an the

affe [ f the Jungs perfo ¢ motion OF the greates motion

(Fig X 15 the ¥ 1 mov ot of th medyast cart
Trregular Transitory vutar T yse! plete \ahvulat action
curs when the A s Aotely trappee n exprrtion ™ the absorbed
ortion contin® Wy rep aced spiratio! However me Cases
ymple stenost pass aab ol o mediast? and heart

™
happen 1@ shaft exprration to the ealthy sde Ths p\scnomenon 1s due
to occasional \alvular actio? of the stenosts whnch action 15 an irregular

follows the deep nspirationt the Wronchus 18 Wlocked the aw cannot pass
out and the g remuns 103 state of deep neprration n the parrowing

LAPIRATION | SPIRATION

C.
ema el wng the ule of 8¢
portion of the Ted astinum The arroWs sh
u ol ed

D

parate mo ement o the vpper 80d 1R
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Fic 18 Seb arate MO at
ow the ok echt s EB 1 healthy v
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e valvular emphY
B Fln tiken o0
bronclus Nate the
d to the left on i 1

f tncomplete valvular emphysersd

Fic 17 Anteropostenor x rays of wn e ght yerr old mrl Incomplet
ema 15 observed m tl e left Tung A Film taken on expraton
nsp ration  Treberculous lymph node rptured into the left mun
swing of the middle shadow to the nght side on epiration an
ton C Schema of phises of respiratton m 1 1 ¢ o
Tle hirge arrow sl ows the Holzhnecl t s g

thorax there 1s not enough room for the lung mn its normal position there
fore 1t pushes the mediasinum and the heart over to the umntohed side
nd the diaphragm toward the abdommal cwvits (Fig 17A) Dunng the
pse m brethmy, which follows the expiration the obstructed bronchus
opens nd qur passes out wnd the organs resume their normal posiand
But the stenosis still custs therefore 1n accordance with the principle o
the Holzknecht sign the middle shadow shafts durmg mspiration to tle
mvolved side just as m a sunple stenosis (Fig 17B}

In sumple stenosts the mediastmum and hert perform the half mn\?“
ment of 1 pendulum to the ivolved side on mspiration (Fig 11) ‘“_2“

lete valvulir emph the moyement 1s Jike 2 pend ,]“va’

expiration to the normal on inspiration toward the mvoled side "
17A B and C) and m complete vahulwr emphysem1 on expiration
the uninvolied side (Fig 13)

Valvular emphyser(nasgare demonstrated i Figures 13-17 20 46 60 65
110 112 and 113
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Atelectans

The term aiclecians m pthology me ws airlessness of @ lung Translited
Lterally 1t sigifies complete ddatation (from ateles meaming insuf
fictent mcomplete, imperfect and ehtasts, meamng dilatation) This ong
milly meant the incomplete expansion of 1 hung 1t burth. Trom this use
the term has been borrowed and accepted—tncorrectly because m connee
tion with bronchual diseise telectasis oceurs when the bronchus 15 com
pletely blocked and the air completely absorbed from the nlveoh How
ever the author has often observed roentgenographic densities which were
considered atelectasis but the involyed pulmonary tissues werc certainly
not completely arrless This happened 1s follows

1 Tt oceurred 1 cases of “milk glass shdow” of an entire Tung becuse
the ur which lightens the density must be present 1n the “atelectatic”
lung 1tself (Fig 18} It cinnot be before or behind the arrless tissues as
1t 15 supposed to be m cases of lobar “milk glass shadows

2 This may occur 1 cises of so cilled “compressive atclectisis ™ be
cause 1t 15 a well known fact that air cannot be squeezed completely out
of the alveol by compression

8 A shght amount of ur may remun m the alveol even 1f because
of the weakened respiration most of the air 1s tbsorbed

4 In severil cases of atelectasis the 1uthor heard the wheezing sound
of air occasonally passing mn during inspiration

From clime1] work the author * believes that the ortguial meiing of
the term atelectasts (the ncomplete expansion or diminished ar content)

Fic 18 Anteroposter 7  rav flms of a sivteen month-old boy w1 » aspirated a prece
of vegetable 5 ta 8 days bcfore lus admissy o to the ho il & Film showmg “mlh
glass shadow of the ngtt lung wath d slocation of tle med ast nm and heart be-
fore bronchoscopy B Filn taken a fuw ho 1 after rem) al of the foreiyn body
slowing the sine dilocit n it Loy denwty of the left lung Tle lung before
removal of the forergn body (film A) certanly contamns a small amount of a ¢ and
4 few hours after 1t contans m re {flm B) In cases m wi ch tl e patient s history
15 not krown both dens ties would be co1 idered atelectasis
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1s more tecurate and more expressive than the usual defimtion (complete
arrlessness) Generally 1t may be sud only that atelectasis due to obstruc
tton compression contractton or weakening of respiration appears clmt
cally when less arr enters the lung than 1s absorbed On the other hand
1t 15 very clear that valvular emphysema appears when more arr enters
the alveols thin 1s absorbed Naturally there are many cases in which the
air completely disappears from the alveoh This chiefly happens when
the delicate broncht wnd bronchiok are blocked by secretions and ar
entering the major bronchi cannot penetrate the alveolt The shadow
of such a lung 1s very dense and massive (Fig 108)

There are two distinct forms of atelectasis collapse of the lung and
drowned lung

Collapse of the Lung When the lung collapses the bronchus 1s suddenly
occluded and arr 15 quickly absorbed from the bloched part of the lung
Consequently there 1s considertble decrease in volume with total or
partial collapse of the lung (Figs 18 64 66 81 110 and 116)

A collapse of the lung anses with absolute certunty only 1n 2 portion
of the lung covered by pleura (m the whole lung or 1n 1 lIobe) The occur
rence of a purely segmental atelect1sis 1s considered doubtful It has been
noted by thorough exammation that 1 collateral change of air 15 possible
1n partial obstruction 1n which pulmonury tissue composing less than a
lobe 1s mvolved

Drowned Lung The drowned Jung occurs if the lung 1s slowly and
gradually blocked The mspiratory mosements such the transudate and/or
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Fic 19 Anteroposteror xray of 1 tluty R e year-old woman 'nacI Ithn .,lm“an d
atelectat ¢ becanse of a lenoma m the left man bronclus  Tle m »mm ad
the heart shift more to the left sdc m mspraton A Flm taken on evp

B on msptrat on note th e Holzknecht s gn
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the esudate mto the blocked part of the Jung The drowned lung does not
decrease to as great an extent as a collapsed one {Fig 108)

In both forms of atelectasss the medrastinum and the heart e pheed
on the imohed side and shift more toward the same nide 1 wsparation
{ Holzhnechts sign) The medrstintl organs follow the expndmg thoracie
wall togethier with the atelectatic lung on mspuration By thds sign ene 15
able to diffexentiate between valvulir emphysema and atelectasis {(Fags
13 17 19)

1f a portan of the lung 15 atelectatic even for 2 single day 1t does not
cleas up i every ctse unmedateh after the removal of the foreign body
Generally 1 ta 8 days 15 required for the ah eol gradually to il wath aw
Only then do the collapse and the Holzknecht sign drsapperr from the
affected lung Qne should not be misled by the Holzknecht sign m these
cuses A movement of the medrastrmum may be obsenved m a chinfying
lung for 2 to 8 days and also after the complete remaval of the foreign
hody

Importance of the Shift of the X ray Middle Shadow

In the il of the probl of the «ray sins of the
pathologie respiratory mechanisms it was seen thit independent of the
degree of the stenovs the muddle shadow shifts during insprration aliays
toward the tncolved side By “independent of the degree of the stenosis™
we do not mean of course that even the shghtest bronchostenosss pro-
duces a motion of the medrastinumn but that we percesve the Holzhnecht
s1gn mn cases of simple but substantial stenosis as wel] 15 i cases of val
vular emphysema and atefectasns

The observation 1s bsed vpon the dynamucs of resprration and upon
the consequent volume altcration Therefore attentron has to be tumed
1o the whale process of respwation, sice one carnot judge frem o
sgle glance Above Wl attention should be pard to the movement of
the middle shadow and of the diaphragm

Fpenence shows that not anly the laryngologist but also most of the
roentgenalogusts do nat give sufficient attention to the patholog ¢ move
ment of the mediastuem and the heart which eonstitutes 1 very unportant
x ray sign ‘ery frequently nonopaque forergn bodies perforation of the
tuberculous lymph nodes tumors and many other bronchral or pubmonary
diseases can be localized or even discovered only by this sign Obsena
tion of the behavior of the x ray middie shadow 1t as wmportint 1 the
fluoroscopic routine s 15 the examnation of the fung fields retrocardiac
area or ts ot the diaph Dunng this the patient
must remain motionless and face the exammer direetly Agitated children
and nfants must be held rraly The dupheagm of the x ray apparatus




54 CLINICAL APPLICATIONS OF BRO\CHOLOGY

- -
SWALE STENOSS : ( ; x
e m:éé)dm ﬁ) s &Q
EELITTTE
oot ohe s et
S s
ToErr (
oo phiiaame
=g . =T A
e P
Evponsde: -, - T
e, ke =S
edR)

s
{
ZET (A TET [
reosen =\ s . ‘QQ
e
=
sepat e o /N H
ATELECTASS H
e o i m@ %&Q

T ?ﬁﬁ Q& %@% C&

shs accon pany ng
the corresponding
1 ae

Fic 20 Schematic drawng of the pathalogic resprratory mechane
hronchial obstruction  correliting tle types of obstructon with

v
3

15 narrowed so that only a vertical thin stnp 15 seen with marrow lung
fields on both sides of the nuddle shadow Thus besdes the mspiratory
narrowng the shghtest shift 1s observable In infants and young childeen,
particulir attention should be pud to the exprratory vsdemng and mspira
tory narrowing of the mediastinum In erying fants the fong expraton
normally decreases air content of the lungs to such 1 degree that the
medsstmum seems to reach the lateral thoractc walls on both sides
Pathologic resprratory mechamsms assoer ited with bronchial ubs‘;‘mt"
tron and therr corresponding < riy signs are demonstrated 1n Figure 20
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X BAY APPEARANCE OF THE PULMONARY UNITS

Segmentology 15 a branch of modern pncumology Some decades go
only the lobes {and the lobult) were considered umts of the lung Now
the segment alsa a portron of the lobe 15 accepted as a pulmonary umt
(Fig 21) The segment 1s a rouchly pyramid shaped bronchiosascular
unit 1solited from the others by a layer of connective tissue All the seg
ments have a pedicle of amayor bronchus ( 1 bronchus)
and an artery (segmental artery} The bronchus and artery run close
to each other therr names 1lso correspond The veins arc Jocated m the
mntersegmental septums The surgeon performing segmental resection fol
lows the veins when 1solating the mntersegmental connective tissue

Several pulmonary discases (Assmann focus abscesses etc ) apper m
certam segments Others (atelectasts or pnenmoma due to many different

Fic 21 The authors model of segments of tle hungs A B Lateral views of tle
nght and left Tmes © D Mealal awe tho comminat 2o~ wl 2 B
t

suusegment )



Fic 92 X ray gude to le shado s of th od
e nght upper lobe and the left truncat
I;"bc and e x segments In the center are shetehon of b [P S

¢
t

W e~ tre wings
by Roudts Jr1a b e dmensons (77 ree d mens onal scl emat ¢ drau ing:
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causes epituberculosis ete ) oceupy ene or more whole segments Phy siol
ogy roentgenology and patliology of 1 segment differ from those of larger
pulmonary umts (lungs or lobes) Therefore the quthor uses the term
segmentology to include not only the segmental anatomy but also the

physiology ) and pathol of the pul
The differences are discussed in this chapter and Chapters 7 lo 12,
The t hat should und d the x ray 2pp of the pul

monnry setments because the cat se of a segmental shadow 1s frequently
located 1n the segmentil bronchus Thus 1n segmental atelectasis the
supplying bronchus must be examined with precision
Atelectasts of a lobe and o segment differ 1a many respects A lobe cov

ered with ntact pleera 1s able to collipse considerably The mnterlobar
margmn of the shadow of 1n atelectatic lobe fived by adheston to the chest
wall1s concaye because of tf e dumimshed volume * In segmental atelecta

sis newther collapse winch should nat be confused with a fibrotic shrml.

age mnor concavity of the segmental border 1s observed One reason for
this 15 that the mtersegmental fixation heeps the segment stretched the

Fic °3 Scl emat ¢ drawings of tl e x ray shadows of the segments of (l e r gl t mddle

lobe and lngula as explaned i Fig 72 (TJ ree-d mensional scl enat ¢ dra wngs
by Kovdts Jr14)



Fic 24 Schematic drawngs of the v ray shadows of the segments of the lower lobet
as explancd in Fig 82 (Three-dmenswnal schematic drawmgs by koedts Jr'*)
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other 5 that Segmenta} ateloctas,s rarely bpears 45 4 Complete anrlessnegg

for Tetameq bronch, Secretiong ansudage or exudate AT present
For ¢he roenfgenogmpluc PPearince of the pulmonary SeBMments s,
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Severa] Segments g0 larger than ¢y be seen 7 roentger, films becayse
are covereq by shadoy, s of the mn,

(on 1nleropastermr film) and draphpy, on bogl antoropo:teriur and

laterq}) These hrdden Portions of the Segments e stown 4, Figures
0 24

The mrersegmmml borderg of the SeLmenty) shadow
Figuyes R2toay to shoy, , °se borders

Fic 5 Photogrant, of
nl:lfercmly colore,

tums 47y b

Whih are 10t smaoth but
Plang g o yhenomcnn
nd ¢ ney gz

9 ax Moy,



60 CLINICAL APPLICATIONS OF BRONCHOLOG)Y

Apr of the diffe pul
1 the following figures

Ricrrr PuLaoNary Unirs

Lung, 108
Lobes
Upper, 87, 79, 81 93, 109
Upper and middle, 45
Middle, 48 49, 67, 96, 110
Middle and lower, 63, 63, 91, 115
Lower, 61, 63, 66 116
Segments
Posterior, 95
Anterior, 69, 94
Axllary, 70
Lateral, 14 71
Medmal, 62, 72
Aprcal 54 73,80
Medsal basal, 96
Antenor basal, 74
Lateral basal, 97, 111
Posterior basal 98

Summary

y units n x-ray films are shown

LErFT PULMONARY Units

Lung, 18, 19, 64, 83, 103
Lobes
Upper, 51, 90, 99
Truncated, 75
Lmguls, 76, 102
Lower, 44, 46
Segments
FPosterior, 100
Anteror, 101
Aullary, 88
Superior hngular, 53
Inferior hngular, 50
Apical, 47, 58
Posterior basal, 55, 89
Lateral and postenor basal 77

The mediastinal Autter resembles the action of a parr of stales (Fig
11
I)n the dynamic process of a pathologic respiratory mechanism, tb?
changes of volume are of primary importance The whole process :
respiration must be observed Attention must be focused chefly on the
motion of the middle shadow and of the dinphragm a

In pathologc respiratory mechanisms the middle shadow shifts hum;g‘
msprration—-mdependently of the degree of the stenosis~toward the s
V"L"Cd o of the med: can be produced not only by a \rml
lateral constriction, but also when the middle shadow shafts bl)aflt;rhne
stenosis durmg nspration toward the side where a greater pﬁrt Ohe e
Tung 15 affected This 15 at vanance with the statement of Holzknec!

su t
th;n g?]ea:eral or unilateral stenosis (but only 1 stenosis not aﬂe:;r:ﬁ
the total fung—hence, where the constriction does not aﬂ'ecg ?;:;t et
bronchus ) the motion o the greater part thercof 1s performed by




ROE\TCEI\OLOGY 61
Of the middle shadoy, which hies betw cen the affecteq and Hormal pargs
ungs

Segments re ney Considereq pulmun'uj umts along ith the Jobes

Segmental anator,, ph)slology romtgenoloq; and p'nthology differ 1

Severat Tespects from those of largey pulmonary umits (lungg and Jopes )
Ateloctygyg of q Segment ffers from ¢ ®of 1 Iohe or Jup,

¢ most
Mportant hffere, s a electatye Segmey st never col
Dses ag y ellasy, lectay, be 5 (2) Althe, igh PPearancy
Of the ineyy, bar ders 15 Mirkeg tact Iiko that of e th

lnt?rsegmentnl lardcrs e rather mdutmct Uneven o Zigzag
Cl.zssxﬁo-man of mechanygy of apy Ptholog,, rcspxnrory Conditiong
and mm-spandmg Y13y signs e showp 1 Figure 99






Instruments, Techniques, and

Indications

INSTRUMENTS

The bronchologist s mnstruments are dinided mnto five groups (1) the
branchoscope (an endoscope or tube with hghting apparatus) (2) mag
mfying mstruments (3) auxibary mstruments (forceps probes hooks
curet aspirating and irngating tubes sponge carners bougies catheters
injecting necdles snares hnves sassors electrodes drathermic coagula
tors magnets etc ) (4) photoapparatus and (5) operating room equip
ment

The Bronchoscope

‘Two types of bronchoscopes cust one with provimal and the other with
distal highting Both types are satisfactory for use m both dingnosis and
therapy However the provimal type has some advantages m broncho
scopic surgery the advantages of the distal system are evident in diag
nostic procedures

For certamn special procedures a bronchologist may use special tubes
(mfant costophremc spht etc )

Proximal Type The hght source of the proumally highted bronchoscope
is attached to the ocular end of the tube Tlis hight system 15 composed
of a lamp a lens and a reflccting mirror The hght system of earlier
proumally highted bronchoscopes ¢ #* (Fig 26) was fived above the ocu
lar end of the tube therefore the strongest light appeared on the ning
of the tube and caused a disturbing reflection even when the nng was
pamted black The Light of the newer bronchoscopes ®  * (Fig 27) 1s
hidden mside the tube and there 15 no reflection

Distal Type The lamp of the distally hghted bronchoscope 15 placed
on the inner aspect of the distal hip of the tube ** (Fig 27) Bronchoscopes
of this type other than the one shown 1n Figure 27 differ shghtly

63
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Fic 26 Schematc drawmg of the bronchoscopes of (A) Bruningstd and (B) Hu
Imger ¢

=

A i

s
Fic 27 Schematic drawing of the bronchoscopes of (A) hassay,” (B) Ratlw
and (C) Jackson $2 .



INSTRUMENTS, TECHNIQULS, AND INDICATIONS 63

Fic 28 Drawings of telescoplc exomumation A The distal end of the Foroblique,
nzhl angle, and retrogtade telescopes B A _mabgnant growth in the nebt wpper

Makess, Inc, New York }

Magnifying Instruments

For fi the bronchologist uses double-lens systems and
telescopes

Doublelens Systems. These systems may be focused and are attached
to the ocular end of the tube

Telescopes. The telescopes are msested lhmug)x the standard broncho-
seopes There are forward, Forobl ht , and de tele-
scopes, the proper one 1s selected according \o !he angle of bronchial
branching (Frg 28)

Autiliary Instruments

Among the ausihary instruments arc bronchoscopic forceps. Two types
of branchoscopic forceps are used alligator and cannulated (Fig 99).
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Additional and frequently used austhary instruments ase shown in Figure
30

Alligator Forceps Allhgator cup-bite foreeps are used for biopsy, and
alhgator grasping forceps are used for the removal of flat-shaped foreign
bodies

Cannulated Forceps. Many types of cannulated forceps are 1 use
{grasping, peanut, rotating, screw, nail, pmn bending, button removal,
four bladed, cylndnical, approximation, costophrente, dilating, tack pm,
safety pin, upper lobe, etc ) Also, a fleuble forceps may be combmed
with a telescope for bropsy or foreign body removal with good visualiza
t1on of bronch: running at a right angle to the mam or Jow er Yobe bronchus

c

a
Fic 29 Two types of bronchoscopie forceps A Alligator type 13; Ca:::shm nie,
Both may be equipped wath different Jands of blades 1 1o d’dvzuguhr e
grasping forceps, 4 bronchoscopic scissors, 5, strazght forceps, ans e g
forceps, a, fenestrated peanut forceps, b, dilating forceps, €,

forceps, d, bing forceps
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Fic 30 Commonly used 1ronchoscopic imstrvments 1 probe 2 hook 3 mjection

needle 4 aspirating tube with sermted end {the rubber tube does not shde off}
5 fleuble asprating tube 6 and 7 nstruments fur ammed bronchography 8 snare
9and 10 bronchoscopic kmives 11 cautery electrode 12 duthermic electrode

Photoapparatus

For bronchoscopic photography Holinger ** used a proumal lighting
system In the mstruments of Dubors ™ and Jackson * a light 1s conducted
mto the bronchs by 2 quartz rod and the photographs are made through
a telescope 2
Operating room Equipment

In operating room equipment the Jackson bronchoscopie table ** and
the C L Jachson mobule L L units ** are Ty useful

TECHNIQUES AND APPROACHES
Premedication and Anesthesia

Bronchoscopie procedure s 2 munor operation which can be performed
on outpatients as well as inpatients Howerer, some preparation 1s md
cated The patient generally 1s referred to the branchologist by a hosprtal
or by a physician and has been examined at least with respect to lang and
heart anteropostenior and lateral « ray films of the thorax must be mde
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The result of these and other exammatiops must be avalable fo the bron
h who letes them if required The patient should be ewm
med to exclude organie diseases (cardiac lesion hypertension acidosis
drabetes etc ) Wathout some knowledge of the patients physical condi
tion and of any lesion of the chest organs to be examned bronchoscopy
would be useless or dangerous

The forenoon 15 the favorable time for bronchoscopy when the patient
and the doctor are well rested On the day of the exammation the patent
1s not allowed food or water for 5 hours prior to bronchoscopy and of
course a clean mouth 1s necessary

The patient experiencing bronchoscopy for the first time 1s generally
nervous and requires some psychologic preparation Chevalier Jackson* *
ealls this 2 “sermon on relavttion or vocal anesthesta ™ In other words
the patient should be told about bronchoscopic procedure and its minor
inconveniences and along with this he should be imstructed on how
relx so as to be helpful and cooperative Ths 1s a very important part
m the pattent s preparation for bronchoscopy

There 15 a vatiety of opmon with regard to anesthes:2 for bronchoscopy
One group of bronchol favor local hesia # The procedure pres
sents fewer hazards than that for general anesthesia and the patient can
cooperate if pecessary Others prefer complete narcosis unless there are
posiive contramdications that make jt undesirable or unsafe Most
bronchologists use nerther local nor general anesthesta for bronchoscopy
n infants and young clnldren Others ® beheve that restramt by “mem

£ (no thesia) 15 mk and ary

To avord the role of moderator between the controversial groups a8
impartial description of the different methods follows

Local Anesthesia For premedication prior to local tnesthesta pento
barbutal sodum (Nembutal) and mependine hydrochloride (Demero
liydiochlorsde ) are generally used as sedatiy es and morphine and scopald
mine as opiates In addition mny bronchologrsts use atropme for drminis
tian of the bronchial secretion however some are inchoed to omit ato
pme since bronchoscopy 1s often performed to obtan secretions for bae
terolognc and eytologic examination and atropne decreases this posst
bility *

Premedication must be given at Jeast 1 hour prior to the etnmmal;an
Not analgesie but soponfic and antispasmodic effectss e dt‘sm’d[ !r;c
aperative medication depends on the age and general condtion o ath
patient None 15 used m old or debrlitated indwiduals or those ©
known respiratory obstruction

The bronchologist who prefers loca
only when iffy
uncooperatine or mentally unfit

1 nesthesia uses general anesthes &
A and when the patient 15

are p
This group of bronchologtsts as a ule
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use no topecal or gener1l anesthetic 1n mfants or cluldren but adequate
sedation 15 admunstercd unless contraindicuted by respiritory obstruc
tion **

The drugs generally used 1 local anestheswa are cocune and tetrrcaine
{Pontocame hydrochlornide) These are griven i vartous solutions of co
came m ) per cent (10 mgn 1m}) or i 4 per cent {40 mg m 2 ml) and
Pontoctne in 05 per cent (5 mg i 1 ml) with considerable satisfaction **
There have been some touc effects from the use of 10 per cent cocaine
{100 mgin 1 ml}) or 2 per cent Pontocune {20 mg in X ml) but no serous
touce effects were observed when the weaker soluttons mentioned tbove
were used The newer drugs \ylocame hydrochloride and Cyclame hy
drochlorrde are less tovic than Pontocune and cocame

Local nesthetic procetture m the Jackson chme consists of sprrymg
hghtly with 2 per cent Pontocmine or 2 per cent \ylocame in pttients
with bronchinl asthma or others suspected of having drug sensitivatees (20
mg m 1 ml for both drugs) The spryy s duected first on the tongue
palate and posterior pharyngeal wall then directed toward the larynx as
1} e tongne 13 held fornard and the atomizer tipped downward Three to
Bve minutes are 1llowed to elapse between spraying and mstillwion for
tovicrty 1s based not only on total dosage but also on the rate of absorption
Then 1 ml of 10 per ceat {100 mg) cocane 15 wnstilled a few drops 4t a
tume with a liryngeal synnge under myrror gudance Then 6 or 8 ml (60
ar 80 mg) of \ylocame ss instilled 2 ml at a ime after each nstillation
the patient 15 mstructed to meline his bady to one side anl then to the
other side so that the solution gravitites into both sides of the bronclual
tree

The anthor fvors local anesthesia and uses the abave deseribed method
with some madifications Pontocane wnd cocane are not adaunistered
simultaneously but alone 1 cach cuse Pontocame s used routinely how
ever 1n cases of bronchtal asthma cocaune 1s used simce Pontocume 1s
parbcularly tone 1n patents with bronchial asthma and allergies Before
spraying and mstillation every ptient gargles for T minute with 4 ml of
025 per cent (1 mg) Pontocamne or with 05 per cent (2 mg) cocaine to
test bas sensibvity + I wathin 5 minztes no touic effects such as psychie
excitement pallor perspiration tachycardia tachypnea pupil dilatation
urticara  glottal edema vertigo nausea or maluse are observed the
procedure 1s continued White this 15 not «n altogether preese and rehable
test for sensstivaty for want of a better and simpler method thus procedure
15 used and seems to yield some protection for both bronchologist and
patient

For sprayming and mstilhtion the amount of 05 per cent Pontocune
used does not exceed 10 ml {50 mg) and the amount of 1 per cent cocame
{150 mg) daes not exceed 15 ml However the total amount of the solu
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tions are niot used 1n most cases, when the descending solutton no longer
causes couglung, mstllation 15 discontinued On the average, 7 to 8 ml
Pontocame (about 40 mg) and 9 to 11 m! cocaine (about 100 mg) are
used Not only are these drugs less tostc in smaller amounts and lower con
centrations, but also the larger amount of fld supports deeper penetration
and a more umform distribution of the anesthetic 1n the bronchial tree
To retard absorption, the spraying and mstillatton time 1s extended as long
as 10 mnutes

General Anesthesta Bronchologists ¢ whao prefer general anesthesia use
both topical and general anesthetics unless resprratory obstruction cirdiac
conditions, or other contraindications are present In children premedica
tion and the open (“open drop”) method of adminsstering ether are gen
erally used 1n adults p i curare or ylcholne chlonde
as relaxants, and Pentothal Sodium guven intravenously are used as gen-
eral anesthetuc, these may be continued with mitrous ovide and oxygen or
other agents

Patients scheduled for general hesta should be hospitahized Out
patients require an attendant if local anesthesia has been used and a
sedative has been gnen because 1t 1s estremely dangerous to dischuge
a patient alone while he 1s under soporific elfect

Pasition of the Patient and Introduction of the Bronchoscope

The endoscopic operating room must be dimly hghted, becanse brght

1on disturbs the broncl view Howeser, it must be sul

ficrently lighted to allow control of the patient and the instruments .

In the early days of bronchoscopy the procedure was performed m the
sitting postion In Europe this posttion is still used, especnilly b'): Germﬂtﬂ
specialists,” and lately it has been proposed even m Amenci*” m spie
of the fact that for decades the generally accepted prictice his been to
place the patient m the dorsally recumbent position ¢ The recumbent pDS:
tion 15 more comfortable for both the patient and bronchelogst The
tient lying on a well prdded flat tble, ¢an relax more eastly and be m;if
reachly controlled the bronchologist achieves more efficient teams
and a smoother and better techmque e e

For bronchoscopy the centers of the patient s seipulae rest on tle *
of the table The head must be free to move and rexdy fo recesse snpi?m
by an assistant or by a mechameal head rest attached to the opera e
table To Juce the ngd © 1 pe 1t 15 necessary to cle»l.ne e
head from 10 to I5 cm above the level of the tible {Fig 31) In tlns \::m
the angles formed by the oral enity, pharyn, and aus of the trfnc h‘e‘;w.ul
be strgh d As the bronch 15 ad: , the posttion of E,f e
must correspond ta the aws of the bronchus to be e(dmml(‘d,‘l ren and
left upper lobe bronchus 1s being 1nspected, the hed must be tu
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T'e 31 FProper po tion of the pitents heal for atroducmg 1 broncl ascope

displaced far to the nght If the right middle lobe bronchus 1s being ex
plored the head requires shght displacement to the left and cousiderable
lowermg If the examiner tries to explore the bronchi only by lateral move
ment of the proxtmal end of the tube without simultancous movement of
the head the ngid and hard tube will injure the tongue teeth gingina
orlarynx The parn compels the patient to make defensne movements and
this small error can defeat the exarmnation of a sensitive patient

Unless protection 1s provided the bronchoscopie tube will rest on the
patents upper teeth and exert pressure The bronchologist may protect
the teeth by laying gauze over them and relieve pressure with the fingers
of bis Jeft hand by allowng the tube to he and shide on the fingers It 1s
of ittle importance 1f the dactor feels some discomfort on his hingers but
the patient must not suffer any discomfort from pressure on his teeth The
bronchologist exposes the glottis by introducing the tube into the patient s
wnouth 2long the night side ot the tongue and by élevation ot the epiglottis
and all the tissues attached to the hyotd bone The trachea which 1s
entered through the exposed glottis 1s the second subject of the broncho
scopic examination

In searching for a lesion 1 the bronchial tree or lungs the supposedly
uninvolved side 1s first viewed Naturally esery bronchus must be m
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spected step by step the most precise search being carnied out on those
that lead to the lesion as evidenced by p ex {percuss on
auscaltation pectortloquy roentgenogram etc ) The spurs the wall and
the mucosa of the broncht must be viewed with precision therr walls
should be examined with a probe mn magmfied image secretions for
bacteriologic or cytologie study and a biopsy spectmen tor ¥ sstologic ex
ammation should be taken During the examination the bronchologst
may ash the patient to cough by this action secretion may be brought vp
to the onfice of one or another bronchus and the mvolvement of a cestain
portton of the lung ecan be :dentfied Also phystologic motions of the
bronchi are always under observation Ail the bronclu cannot be exam ned
m every case with such preciston 1f one tries the prolonged procedure
may ctuse unnecessary discomfort to the pat ent The bronchoscop c ex
ammation must 1lways be exact but as short as possible Bronchoscop e
viesss are shown in Figure 32

A The
Fic 57 Bronchoscop ¢ gude The patent 1s i dorsal recumbent pos ton. The
vanne pos bom af & ‘prondlgscope Gomng bronchoweope eminaton el
correspond ng vievs B The telescop ¢ view bls the vpper lof e] r%n‘mhu b
the m ddle lobe bronchus b1 the lower lobe bronchus bd T‘g tT;Iﬂt ]
left bronchus 71 truncated lobe bronchus Ing hngulr bronchus

bronch: are numbe
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FProcedures for Infants and Young Children

Bronchoscopic procedures are no more hazirdous m nfants and i
young children than in adults However the delieate vulnerable tissues
may be shghtlhy contused this must not be ignored Previous mucosal or
parenchymal inflammation dyspnea and exhrustion 12 the fight for ar
ncrease the general reaction Neverthless shocL mats well )\no\\n surgt
cal form never follows a \ fe d and trme-1 L
copy In the hand of a skilled hmnchologlst 1 single cnrehﬂ msertion
of the tube never ctuses marked triuma and never mfhicts surgical shock
Howeser insertion repeated threc or four imes and prolonged use of the
bronchoscope may injure the larynx Therefore dunng 2 bronchoscopic
exammation the bronchologist should endewor to woid repeated mtro
duction of the tube and more important the duration of bronchoscopy 1n
infants and voung children must be s short as possible As 4 rule the
time of the procedure 15 d and hmuted accorcing to the age of
the patient 1n infants the time limat 1s 10 minutes

For a bronchologest to he unable to discontinue bronchoscopy 1s the
greatest error e g 1n case of the presence of a foreign body Failure 15
undoubtedly a very disappointing experience hut the experience 1s a
great deal mare unpleasant if often repeated or prolonged bronchoscopy
contributes to the death of a child One cannot comfort oneself with the
argument that not he but the foreign body was responsible for a chulds
death Every bronchologist 15 obl ged to know the rule In children espe
cally m mfants and very young children do not prolong or repeat
bronchoscopy at close intervals even m cise of fulure stop and postpone
further bronchoscopy

However 1 infants and chuldren the organtsm tends to recuperate more
quickly than 1n adults Disease mjury or contusion in a cluld heals easily
and quickly Local bronchoscopic treatment 1s more sustable for pulman iry
lesions (broncluectasis abscess ete ) m children than for these dhseases
m adults

The tissues of an infant or child are loose and vascular and swell easily
thus they are predisposed to edema A childs tissues contan much lym
phoid tissue These statements refer particularly to the Lirynx and respira
tory tracts The larynx espeenily has a pecuharly loose structure m infants
As is well known the congenstal inspiratory stndor 15 one of the results
of thas Jooseness {Extremely loose mucosa of ary epyJottee folds and ary
tenoud carl permuts the epiglottis itself to be drawn into
the glottis and thereby causes stridor during wnspiration ) These circum
Stances predisposc the ]\r)m o! young culdren to edema and inflam
mation wluch may

The maost sensitne xegmn of the larynt s the. subglottal arex Here the
nigid ning of the cricoid cartilage embraces the lumen of the laryne This
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1s the only pomnt 12 the lary ngotracheobronchral system that 15 unable t
dilate The cricoid cartilage in this regron 1s covered only by a relatiels
thin mucosa, therefore, 1t 15 easily contused and traumatized This 15 espe
cally true mn certamn eircumstances, such 2s 1n the use of an oyersized tube,
when the mucosa may be jamed between the hard castilage and the
even harder metal tube The vasctlar mucosa responds to the trauma with
inflammatory edema Thus, the alarming stbglottal edema arsses

Fear of subglottal edema led wrters at the begning of the century,
n the era of Killtan and Brunmgs,** to form a rule to the effect that a silled
exammer of any child under three ycars of age and an unshilled begizer
exammnng children under six years of age should perform only *mferor
bronchoscopy,” which meant the insertton of the tube through the stoma
of a previously performed tracheotomy These writers, as an explanation
of this rule, saud that through the stoma a wader and shorter tube could
be used, which increased visibility and facilitated onentatton and mampu
lation in depth Another argument was that subglottal edema would
any case require tracheotomy on the first or second day, thus, to avoid
the ensumng laryngeal stenosis with its aluming symptoms, 1t was more
reasonable to petform a preliminary tracheotomy v preparation for “in-
ferior bronchoscopy *

Progress of bronchoscoy hnque el 1 the need for thrs rule,
which, to the author’s knowledge, was never accepted m Amenca even
1 the earliest days of the Jachson school Today, no one speaks about “in
fenor’ or “supenor” procedure, only one type of bronchoscopic procedure
eusts, and that 15 the superior type The inferor method 1s useful only
an emergency When hife 15 1n danger (e g, when a child 15 suffocating
because of a laryngeal or tracheal foreign body ), this method may be
applied, espectally if a less shilled specialist 1s m charge )

The bronchologist dealing with infants and children 1s 1nterested in the
measurements of the mterior of the laryny, chiefly m the diameter at t:;(c‘
level of the cricod cartilage With these data he may select a t
that will easily pass through the larynx with httle iritation of the mucos:
and yet yield the widest view

Na);ura);ly, 1 nfants and cluldren, only a delicate mstrument ({"; ‘:1:;
hook, aspirating tube, etc ) may be used tirough the nrrow tu
order to allow sufficient mspection for correct mampulation

Not only the tissues of the larynx, but alsa the tissucs of th oung
and bronch: are delicate and easily traumatized in infants and ym
children In this area contusions or myuries may be cmsri;lrci:y ;lc:;;‘ng:]
wnstruments (forceps, hook, ete ) rather than by the tube gont'.“k'd
and wexpertly performed bronchoscopy the mucost becm‘nes“HCb o
and produces large amounts of thick purulent sccreton, ¥ o
drown the tracheobronchinl tree For thus reason, in addition to

he trachea
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ity of subglottic edemn, prolonged bronchascopie procedure is avorded

The tissues of children debilitated by tuberculosis, bronchial asthma,
or other diseascs are extremels sensitne In such a child poorly performed
or prolonged bronchoscapy may prodnee subglottal edema or severe
mucosal mflammation more frequently and quichly than in a well-de-
veloped, well nourshied child The bronchologist must be very cirefut
with debilitated children and children with bronchral perforation, Bstulas,
or compressian ctused by tuberculous Iy mph nodes, for he 1s restricted to
one msertion and the usual time 1s shortened In treating these patents,
hawever, he does not need a long tune Dragnosis of these condstions and
the removal of ruptured granulation tissue and cheesy debns are more
eastly accomphshed than 15 the diagrosis and elmination of a forergn
bod:

These statements are not mtended to discourage the use of bronehos-
copy, but rather to guard agamst its misuse 1 order to prevent its dis-
quabification as a salurble medical procedure

Bronchagraphy and Aimed h h

Simple bronchography has been a well known procedure for decades
In essence at 15 the procedure whereby opigue compounds contaming
todine, m a spectal aily ot watery flud, are smjected it the bronch
and evposed to roentgen rays from P lateral and
obhgue trections Rocntgenograms taken in this way are called broncho
grams

B

h hy 11y armed bronch hy 15 perf d by the
roentgenologist and bronchologist working as a team  Almost every
team has 1ts pwn tech therefore 1t ts almost mpossible to describe

a techmque that 1s generally accepted as standard The author uses the
follawing method

n a routme bronchoscopic procedure, only the major bronchr are
touched by the tube and nstruments but 1n bronchography the contrast
mednim enters and imitates hundreds of minor bronch: Therefose,
bronchography requires the same premedication as, but more precise
anesthesia than, bronclnscopy Usually lacal anesthesra for adults and
general anesthesia for mfants and young children are usedl (quldren of
PR P . . I . o

bronchography than for bronchoscopy ‘The anesthetic soluton must reach
all the mmor bronchs which will be exposed to the mmitation of the con
trast medium An anesthetic admmistered to the patent in a siting posi
ton 15 frequently madequate, because the solutron enters mmnor bronclu
only 1n the basal parts of the lower Jobe The anesthetic penetrates only
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a small portion of the other bronchi m the upper lobe mddle lobe, or
Lingula and of the apical segment of the lower lobe when the pattent
coughs and takes deep breaths Therefore, after routine procedure has
been performed with the patient i a sitting position, 2 to 3 ml from the
permitted amount of solution 1s saved for completion of the anesthesia.
The t 3 phic catheter 1s duced as far as the upper Jobe
bronchus under fluoroscopic gmdance, and 1 ml of the saved solution
1s mjected while the patient 1s lying i the Jatera! recumbent position
Then the patient turns to the dorsal and later to the ventral recumbent
positions, and the catheter 1s advanced as far as the middle lobe bronchus
Now the rest of the solution 1s jected In these positions the anesthetic
solutton gravitates and 1s inhaled by deep breaths nto the bronch that
were in1dequately anesthetized m the sitting position The patient usually
the pl of anesthesra with a cough

Now, the patient’s bronchial tree 15 prepared to accept the contrast me
dwm which will also be mnjected under flnoroscoprc guidance By fluoro
scopic observation, a very mmportant part of bronchography, physiologie
respiratory and pulsatory movements, and caliber and length alterations
of the bronchi are mspected The normal dynmces, pathologic mmcmerih
or ngdty of the bronchi should be included i a report of |
examunttions as well as being a part of every report of bronchoscopic ex
ammation

With the axd of fuoroscopy the optimal flling of the bronchial tree 35
controlled as the contrast medium 1s asprrated from major to mmor broncht
by the patient’s deep inspirations until the bronch are filled adequately
without alveolar penetration Even distnibution of the contrast medmr;'
can be facthtated by changing the position of the patient First the lateral
then the 7 101, or, if 1t 15 desirable the oblique films can be
exposed During exposure the patient remuns quiet, without brcathn;g

Generally, 1t 1s easy to analyze a bronchogram which shows an ad :
quately filled, healthy bronchl tree A patlmlog)callyrd:s!?rted ‘m‘c may
cause problems, but the real problems are the tmp hos
Usually, the bronchi of a whole lung are filled duning routine brond
raphy Ths filhing may be imperfect for the following reasons

1 Incomplete anesthesia

2 Jn.:ge;imre amount of the contrast flud Routimely, 20 ml should 1;:
premared for an adult bronchogram Both smaller and larger 5‘"’0::““

1
H

t
always limts the amount of the contrast medum  Lhe samne ulu}\;u’ .
fill incompletely 1n one patient and cwse als eolar filling n anothe;

3 Exposure too early or too late ®
4 Effective mspiration 1s very important in bronchography, because
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supports the contrast medium from major to minor brencln Extra and

mtrapulmonary lesions en result n madequate sucheng effect on mspira

ton Extrapulmonary lesions are emphysematous barrel shaped thorax

fracture of nbs phrentc parlysis atrophy of muscles pneumothorax plen
1

ntis empyema adh Jrastinal g 1 y lestons
are congestion diseses wath fbrosis or destruction of elastic elements et
In every instance of excess bronchinl naturly b hoscop

asprration must precede bronchography

In instances of filling defects a pulmonary unit—an entire lobe or seg
ment—may remain empty or meompletely filled Often it 1s particularly the
affected part ta be exaruned that fads to accept the contrast medium
This faslure 15 seldom a result of n error of bronchography 1f performed
by shilled hands as discussed above The bronchus narrossed by con
geston or scars or obstructed by tumor torsion or angulition does not
allow the contrast medwm to enter or the resprratory suching effect 1s
dmimished and 1s insufficient to 1nspirate the flud mnto the bronchn of 1
pulmonary untt In these cases spectal delicate tubes can be introduced
mto the bronchi armed with both bronchoscopie and fluoroscopic gmd
ance * Some tibes are ngid but some are sufficicotly phrble (Fig 33A)
others are fleuible but hard enough for insertion mto the narrowed lumen
through the bronchoscope (Fig 33B-E) With these tubes the bronch
which would remam empty on normal bronchogrims can be filled The
otherwise und bl t Bt or tut I ako be
filled by this method

Aimed bronchography may be utilized m every cuse of filling defect
{dead tree effect) involving a pulmonary wmt (lobe or segment) with
DPosttive or even negative x ray findings Surpnsing results are often ob
taned (Figs 55 56 59 62 67 79 and 50)

Maturally aimed bronch hy only ! simple bronch
raphy never supplants it

Areas of indications for bronchography arc extremely wide They are
discussed 1n detarl in Chpter 13

Repeated Asy of Bronchwal § and Exudates

One of the revelahons of bronchoscopy s the climical fact that all inflam
matory bronchial exudates are to a high degree cohesive and adhesive In
Pre branchoscopic days th s was not realized beeause these secretions when

d, are diluted and lub with saliva n sputum Bronchtal and
segmental onfices of vanous sizes were seen obstructed by masses of mflam
matory purulent and mucopurulent exudates that could not be efficrently
expelled by unaided physiologic mechanjsms Areas tnbutary to such plugged
onfices quickly become atelectatic and hence vulnerable to infection

Thos 1 ev ery disease in which expectoration 1s retarded secretion con
vaually accumulates 1n the lower atrways repeated bronchial aspirations
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a small portion of the other bronch: 1n the upper lobe, middle lobe, or
Iingula and of the apteal segment of the lower lobe when the patient
coughs and takes deep breaths Therefore, after routme procedure has
been performed with the patient m a siting position, 2 to 3 ml from the
permitted amount of solution 1s saved for completion of the anesthes
The bronchographic catheter 15 mtroduced as far as the upper lobe
hus under fl pic gurdance, and 1 ml of the saved solution
1s injected while the patient 15 lying mn the lateral recumbent position
Then the patient turns to the dorsal and later to the ventral recumbent
positions and the catheter 1s advanced as far as the middle Jobe bronchus
Now the rest of the solutton 1s mjected In these positrons the anesthene
solution gravitates and 15 inhaled by deep breaths into the bronchr that
were nadequately anesthetized i the sittmg posihon The panent usually
the pl of anesthesta with a cough
Now the patient s bronchial tree 1s prepared to accept the contrast me
dum which will also be mjected under fluoroscopic guidance By fluoro
scopic observation, a very mmportant part of bronchography, physiologie
respiratory and pulsatory movements, and caltber and length alterations
of the broncln are mspected The normal dynamics, pathologic mosements
or ngidity of the bronch should be mcluded 1 a report of bronchographie
exammations as well as being a part of every report of bronchoscopic ex
ammation
With the aid of fluoroscopy the optimal filing of the bronchal tree 15
controlled as the contrast medmwm 1s aspirated from major to mmor broncht
by the patient’s deep inspirations until the broncht are filled adequately
without alveolar penetration Even distrsbution of the contrast mcdml;\
can be facilitated by changing the posihon of the patient First the la!er;
then the anteropostenior, or, if 1t 15 desirable, the obhque films ca}!: e
exposed During exposure the patient remams quiet, sithout hreat ‘35
Generally, 1t 15 easy to analyze a bronchogram which shows an 2
quately filled, healthy bronclual tree A pathologicilly dxsu')rted :rce m:l'y
cause problems, but the real probl are the mperf h
Usually, the bronch: of ¢ whole lung are filled dunng routine bronchog
raphy Ths filing may be imperfect for the followmg reasons
1 Inco te anesthesia
2 Inad::ﬁll:te amount of the contrast flnd Routinely, 20 ml should be
d larger amounts
prepared for an adult bronchogram Both smaller an g o
mght cause faulty bronchograms Smaller amounts m1y result 10 ]' lin
the optimal 4
plete filling and larger ones, in alveolar flling However, P ant might
always limits the amount of the contrast medium The same am;:ﬂ
Sl imcompletely m one patient and cause alveolar filling i anot
3 Exposure too early or too late
4 ElfI;Zt:r:mspuahgn 15 very 1mportant n bronchography, because it
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supports the contrast mediam from major to mumor bronchr Extra and
intrapulmonary lesions can result 1n mdequate suchmng effect on 1nsprra
tion Estrapulmonary lesions 1re emphysematous barrel shaped thorax
fracture of nbs phremc purlysis atrophy of muscles pneumothorax pleu
nhs empyema, adh d 1 pul y lesions
are congestion disenses with fibrosis or destruction of elastic elements etc
In every instance of excess bronclual naturally 1
aspiration must precede bronchography

In istances of flling defects 1 pulmonary umt—an entire lobe or seg
ment—m1y remarn empty or incompletely filled Often 1t 1s particularly the
affected part to be exammed that fails to accept the contrast mediem
Thys farlure 15 seldom a result of an error of bronchography if performed
by shilled hands as discussed above The bronchus narrowed by con
gestion or sears or obstructed by tamor torsion or ngulition does not
allow the contrast medium to enter or the respiratory suching effect 1s
dumnished and 15 insufficient to inspirate the flmd mto the bronch: of a
pulmonary umt In these cascs specri] delicate tubes can be ntroduced
into the bronchi aimed with both bronchoscopic and fluoroscopie gud
ance * Some tubes arc ngad but some are sufficiently phable (Fig 33A)
others are fleuble but hard enough for insertion into the narrowed lumen
through the bronchoscope (Fig 83B-E) With these tubes the bronchi
which would remain empty on normal bronchogrims can be filled The
aotherwise bl t t ar tubercul also be
Blled by this method

Aimed bronchography may be utilized 1n every exse of flling defect
(dead tree effect) molving a pulmonary umit (lobe or segment) with
POsitive or even negative X ray findings Surpnsing results are often ob
taned (Figs 55 56 59 62 67 79 and 80)

it

Naturally armed bronchography only ) simple bronct
raphy never supplants 1t

Areas of 1nd; for bronch hy are ly wide They are
discussed 1n detail sn Chapter 13
Repeated A of Tl and Ezudates

One of the revelations of bronchoscopy 1s the chmcal fact that all inflam
matory bronchial exudates are to a high degree cobesive and adheswve In
pre bronchoscopic days ths was not realized because these secretions when

d are d luted and Jub d with saliva n sputum Bronchual and
segmental enfices of vanous sizes were seen obstructed by masses of mflam
mutory purulent and mucopurufent evudates that could not be efficiently
expelled by unaded physiolagic mechanisms Areas tnbutary to such plugged
enflees quickly become atelectatic and hence vulnerable to infection 4

Tl s tn every disease 1n Which expectoration 1s retarded secretion con
tinually accumulates 1n tl ¢ lower atrways repeated bronehial aspurations
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The other type of tube has four types of chingeable ends Each of them c:nﬂﬂ
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The springz heeps the rubbe
pline Because of this mechwnsm the tube 15 more casly directed m..‘d..f» s
fleuble kind, eg the tube with 1 spial flewble end wlich 15 unsuitible W;K p
purpose becawse of its leikiness Other hinds of tubes such as tose ]e‘ ,;ed n
phstic tubtng are 1lso useless becawse after the tubmg s bren steagh fcum
the bronchoscope during nsertion 1t takes time for it to return to 1ts orignl et
The tubes shown here retam to ther norml curse immediately after pssos
distal end of the hronchoscope J
The spring and rubber tubing (B) 13 used for the right middle lob}cl bwncl\(zs ‘luf‘m
2 and §7) and the basal bronciu of the Toer lobe (Fig 551, the smple Sy
tubing (C) 15 used for the nght mddle lobe or_lingulir bronchus {538 200 o
'

lobes directed toward the apev to the
The rasght. wsbber tung with ity taa ewmsls The «pring s meected 407 o
cinal with the dead end (Instruments shoun are matle by Georee

Company, Philadclphia )
Kt
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we idicated [ the medical ltertture five methods of aspirition are
described

1 In the so-cilled onc catheter method v urcthral eathetcr or thue rub
ber tube 1s nscrted through the nosc into the broneln This citheter or
twbe can be kept an the urm 1y for diys nd permits asprration many
times 4.y This ss the simplest and gentlest method of bronchun aspira
tion Lut 1t has two diswhantiges (@) The patient very estly expels the
tube and (b) the wumtation of the tube muy cause layngospasms and
severe dyspnea

2 In aspiration with tracheal mtubation 2 Magdl endotricheal tube of
the proper size 1s introduced 1o the trichea and ts distal end wathdriwn
through the nostni! This tube ¢ tn be left i place for s¢scral days without
danger of laryngospism and suffocation Through this tube 1 thmner
catheter or tube ¢n be nserted into the broncht tor ispiration The
endotracheal tube gues adequrte space for respiration st can be hept
apen by lavage with sahne sol ttin ad of necessany ovygen aned cacbon
ovtde can be admmstered

This would be 1 good method for heeping the wrkays elear but it too
has some diadvantiges (@) The withdriwing of the relitnely wide
Maplt tube through the nose may cause severe misal bleeding (&) the
cough because of the tube writation 10 the laryn and trachez may
cause clevation of the blood pressure and recurrent masil bleedng (c)
the prolonged mtubation may ¢ wse Lirynge l edema (espectally in chil
dren) mucosil necrosis and granulitton nd (d) mechanical wntation
oftlelower arrways may give rise to v igovag th refley and cause narrowing
of the coronary artencs

3 A satisfactory and safe meth 1 s laryngoscopic aspirat on whereby
a fexible but semingid (of harder rubber or sifk woven) aspiriting tube
33 mserted through the direct Iryngoscope and larynt mto the bronchr
If the cough reflex 1s present the tube nced not be mserted decper thin
the lesel of the main bronchus beciuse the tussive squeeze brings secre
bon up to this level 1n synergy with the mechanical asprsation Chevaler
Jackson and C L Jachson * call this method “synergetic direct laryngo
scopic asprration ™ Sometimes this method s inconvenient however for
teasons gven under method 4 below

4 The usual routine method 15 branchosco} te aspiration This method
15 very often used f tenactous secretions sohdified masses fibrinous evu
dates crusts ete must be remoyed by visual gutdance or if bronchoscopie
exarmumnation 15 necded for diagnostic retsons

ary and ¥ h 3 e sahisfactory methods

P
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copy may cause too much discomfort to the patient after thoracic trauma
and abdommnl or thoracic surgery, or i other severe morbid conditions

5 When lar pic or bronchascop are not advisable,
tracheotomy 1s indicated Through the tracheal cannula aspiration mav
be performed as many times as necesstry, at times by nurses, and all
the difficulties of the rep d asp may be avorded With tracheot
omy the dead space of the nasal and pharyngeal cavittes 15 elimmated
this 1s a great advantage m many severe morbid conditions, such as
tracheobronchial secretory obstructions i assaciation with tetanus, bram
mjury, cerebrovaseulir d gical 1 lures, drug poison
ing, eclunpsia and botulism and m postoperative conditions and debil
tated patients

In chronic respiratory disorders (ad d emph vely
suppuratrve diseases of the lungs, pancreatic fibrosis hyalme membrane
syndrome, bulbar poliomyeltis, etc) a permanent tracheocutancous
fistulization, by the so called tracheal fenestration” method * may be
performed The fistula 15 guarded by shin valves which provide a means
of ready access to the bronchual tree when open and reestablish the normal
teacheal arr tract when closed The valves may be opened repeatedly for
aspiration of secretion and for a longer period of time to ease respiration

These five methods are used to reestablish the defensive powers of
the lungs After a relatively short penod, the normal functioning of Pt‘“"”:
dramnge by ciliary action and effective cough returns, and the patien!
feels much better However, 1t would be a great error to rely on aspxrnlxo]n

alone Other medrcal care and 2 must be S“:;’
as fresh ar, Light diet, vitarmins antibiotics, and other systemic meds
tions
End T of Postoperati hial Fistulas

ons of pul

These fistul1s are among the severe postoperative comphcat et
monary resections and, 1n a certun percentage of conditions, agpcal: o
when the most careful aperitive technique his been used A fistu

¢ appheations of
close by 1tself, but to hasten the process bronchoscopr szd, P

sihver mtrate, phenol, potassium hydroude, trichloracetic o e good
cautenization, or diathermy are recommcnd‘ed By these me:han i
results have been ot dml hal d of IeIss peruments
and abscess behund the fistula less than 2 em 1 diameter bn e gl brom 7
with dogs Roggen, Denvaux and Duprez * obliterated m;:chon They
to 8 mm 1 drameter with a 20 per cent potassium hydroude solu
believe this method applicable also i mm
In a consideration of treatment, the bron]
1n three groups, as follows d the
1 ThegabSScss cavity 1s small, about 1 or 2 cm diameter, a0

il fistulas may be classified



INSTRUMENTS TECHNIQUES AND INDICATIONS 81

Fic 34 Bronc) oscopic treatment of postoperitine Fronchial fistulis A Vhen the
caty 15 ahout 1 em o dumieter B When the cavity 15 3 to 4 em In diumeter €
When empyetnia 15 present

suppuration Js ret uned by the suture i the opened broncheal wall eather
than by the pithologie process in the cavity  After remoral of the suture
and by one or two adminstrations of ciustic the dehiscence generally
closes (Fig 314)

2. The abscess cavity 15 3 to 4 cm m drameter s located centrally m the
halus andd discharges excess sceretions This 1s the most common 1ppear
ance of a bronchal fistula because the empyemic ¢ ity shrnks m most
cases to the hilus creating o Furly large 1hscess The external approach
to this cavaty by thoracentesis s verv difficult and may be dangerous m
an area surrounded by myor bload vessls Externil drunage of this type
of abscess 15 even more comphicated

The bame factor in the cure of these absicsses s the ehmination of
the supy s el tion may he leted by end treat
ment V4t h sutares and )t tissue are removed
from the bronchial fistula a urethral extheter 15 mserted into the cavity
and the secretions are aspirate | and ingated with antibiotic solntions
{5000 umts of penscillin and 1O mg of streptomvemn w a 5 mi saline
solution) thraugh the catheter The bronctual wall in the fistula 1s touched
with any of the previously mentioned custies (Fig 348)

It must be empt 1 that in these cond 3t s most to
stop the infection and suppuration m the abscess ety Closure of the
bronchial @eluscence watls caustics 1 of only secondaty importance By
this simple procedure many of the bronchial Bstulas re cured

3 This group 1s represented by empyemas extending to the chest wall

and commumeating, with the awways through the fistula In these cond;
o u e b Yot b e pa -
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and external d and the | hal del 15 treated with
caustics (g 34C)
The surgical closure of the bronchial fistulas 15 discussed m books and

publications on thoracre surgery and 1s not the subject of this discussion

INDICATIONS AND CONTRAINDICATIONS

Indications

The field of chest diseases 1n which bronchoscopy 1s indicated either
for dagnostic or therapeutic reasons, 1s continually expanding Today
nearly all the unexplamed chest diseases may require bronchoscopy The
bronchologist reveals conditions of the bronchial mucosa, the bronchal
wall, and the pathologic action of the bronchr With biopsy, aspiration of
secretion, and segmental lavage he obtans matenal for histologic, &+
tologic, and bacteriologic exammations He removes obstructing matenal-
thck secretions, foreign bodies, ruptured granulation tissue, cheesy debris
broncholiths, and benign tumors—and he performs amed bronchography
The bronchologist assists the chest surgeon prior to operation, durmng
operation, and after operation by cleamng the arways He helps the

the ! and other physicians to Jocalize dis
eases Therefore, it 1s nearly smpossible to lay down evact rult:s as to
every specific situation that calls for t !} py Actually, b i
1s mdicated 1n every thoracic disease 1n which the dragnosts s uncertam
and 1 which the medical treatment 15 inadequate

The absolute wndications for bronchoscopy are stenosis or
of the trachea or bronchy, purulent sputum, hemoptysts, and
a foreign body In these cases ormssion of bronchoscopy mvohes severlc
consequences Further detmls will be given m the discusstons of the var!
ous diseases, in the chapters that follow

ohstruction
presence of

Contramdications

o1 Its
Jed, contramdications do not est
1f bronchoscopy 1s really needed tors do o o

well known that a forergn body must be removed s
patient with advanced g:rdmc disease bronchral obstmct{on mus& b;:;:c
moved, 1f the patient 15 debil d, by pub y SUPE o ;l:s): .
important, bronchoscopre asparatron or lavage (with antd \mabswss
help a patient through 2 cntical sitvation, eg, @ pulr}?on‘.:rrg’nd“m .
Bronchoscopy 1s imperative i cases of acute laryngotrac] ic ooy
bronchial asthma when thick, tenacious secretions occlude the r;) o

However, bronchoscopy 1s postponed m severe cardhac ctﬂn;; e
hypertension, 1 any acute mflammation n the respxml;ryn :;os‘co oy
severe hemoptysis (Chap 10) Most wrters oppose bro
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cases of wnecurs sm because of the danger of rupture The author behicves
thit for various drag,nostic reasons b h must often be perf
in these cases niturilly mn the presence of wn neury sm the bronchoscape
1s mserted with the greatest care and biopsy 1s tmadyisible

A waord 15 appropnate regarching the coop between the physician
who requests bronchoscopy and the L ol When a physetin
requests 1 bronchascopie study ke has already performed at least a gen
eral exammation and obtamed one chest « ray Vithout these he may
not even think of bronchoscopy except 1 an emetgency bronchoseopy
may never he hus first thought n the course of his examination The
bronchologist must hnow the referning physictin s problem The refernng
physitian has a night to expect quich and proper work 2 precise report
and help from the brancholegist, i he supphes the bronchologist with
all the d1ta on past medrcal Justory and previous evimimtions wiach
somehimes are availible on)y from a fipuly doctor

Summary

The wstruments wsed by the Branchologist we the brouchoscope
rugnifying instruments awaliary instruments  photoapparatus and op
erabing room equipment

Prior to bronchoscopy the patient s physical condition and chest osgans
rmust be thoroughly exarmined orgame diseases must be excluded

Vhere loctl nesthesia ts used premedicitton must be given at lest
1 hour prior to examination The drugs generally used are Nembutal and
Demerol as sedatnves and morphine and scopolimme as opiates Atropme
also iy be adh d for d of the bronchual secretion The
local anesthetses are cocame (I 4 or 10 per cent) Pontocame (03 or
2 per cent) and \ylocune (1 or 2 per cent)

For general anesthesia n children premedication and the apen ( epen
drop”} methed of rdmnstering ther arc gencrally used n rdults curare
or suceinylcholme as relavants ind Pentothtl Sodium given mtravenously
as general anesthetie are used and these may be followed by artrous oude
and oxygen or other ageats

The generally acex pted prictice m bronchoscopy 1s to place the patient
m the dorsal recumbent postron The bronchologist first exposcs the
glotts by mtroducing the tube mto the pahcnts mouth along the nght
side of the tongue The trache 35 the sccond subject of the bronchoscopre
Pramanb after wlrel sty by stepe every Sronaas anes be ansperied
Bronchoscupv must alnays be evact but as short s possible Bron
<l oscopic views are showss 1o Frgare 32

Tte del cate vulnerable tissues of an mfnt or young chid may be
contused dumns, bronchoscopy Therefore the examwer endeavors to
aoid repeated tatraduction of the tube ind cuts the duration of bron
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choscopy as short 1s possible without sacrificing the preciston of the ex
amiation

The most sensitive region m mfants and young children 15 the sub
glottal area of the laryny which can ensily be mured by an overs zed
tube From this subglotta] edema may anise vith 1ts alarming symptoms
The Jargest tube which readily passes through the larynx and yet yields
the widest view must be selected

The mnevperienced person should not perform bronchoscopy in infants
and voung chuldren without skilled assistance However m the hands
of an expertenced speciilist bronchoscopy 15 an easy and safe procedure
for infants ind even for the newborn

Sumple bronchogriphy has been 1 well known and frequently used
procedure for scver1l decades n chnical routme The following pomts
are worth remembering

1 Bronchography requires deeper and more accurate anesthesia than
bronchoscopy

2 Filling of the bronchnil tree should be controlled by uoroscopy
and exposure should be taken 1t optimal filing m every case

3 Filling of bronchi m a lobe or segment m1y be inadequate or evett
absent for several reasons In these mstances umed bronchography 1 wds
cated Aimed bronchography may be utilized m every mstance of Elling
defect (dead tree effect) involving a pulmonary umt with positive or even
negative x ray Bndings Surpnsing results are often obtaned

In every case of continually accumulated secretton the lower arways
d d The methods used are

repeated of the are .
the one catheter method aspiration with tracheal mtubtion l.xry;lgﬂ
scopic aspiration b hy )t and tract or tract &

fenestration The defenstve power of the lungs cn be reestablished by

these procedures o
Branchual fistulas arc among the severe postoperative compheal w:d
of pulmonry resections In c1se of 2 small cavity due to fistula x(;mo;b
of the sutures and application of ciwstic my be rdequite It the \
scess cavity 1s 3 to 4 cm 1 diameter bronchoscopie aspiration and u}:ﬁ‘n
tion of the cavity itsclf should be performed \any fistuls ]"wrgﬂ“/
cured by this method If empyem 1s present external dramage or si
1s mdicated
Thu-: are no strct rules regarding the cxrm;nshm‘:‘s u\?}(ii{h ‘l‘)l‘;l‘
The field of chest diseases m
bf°"°hf’5°§’s"y * “ppr,of’;mi Ting contmually Actually bmn;hﬁt‘:{{\’:'
1s indyeated 1n ny thoracic disease when the diagnosts is unce’ :nmst ¢
when the treatment has been madequate Contrundicitions do 1o

tnation shauld
bronchoscopy 1s really nee(!ed HO\Ye‘\_/u cnc{os?rn)glncj‘:l:f"“ o aatient




Diseases with Valvula

Respiratory Mechanisms

A valie 1s generally a structure which regulates the flow of a gas or
liquid Some valves permit flow m both dircctions m hving orgamsms
these are the spk closing mechantsms The spt of the cardia
permuts fow toward the stomach i ingestion and outward i vomtng
or eructation Most salves pernut material to pass mn only one direction
n kving orgamisms these are the valves of the heart and the vessels In
connection wath respiration valves exist chiefly 1 pithologic conditions
However the glottis also acts s a particulir valse when w coughing 1t
closes and then suddenly opens this action will be referred to Inter in
ths chrpter under Trauma of the Lung Tree

Valves connected with respiration are formed sn valvular bronchnl
stenosis Bl ited cysts after trachcotomy in trium of the lung tree”
and 10 some other diseases Diseases with valvular mechamsms caused
by myuries to the chest wall are autside the scope of this discussion

Valvular bronchial stenosis was discussed 10 detail in Chapter 3 along
“ith other resprratory mechansms

INFLATED VALVULAR CSTS

All inflated cysts have 1n common the fact that they are inflated by a
valvular respiratory mechamsm but the genesis of this mechanism and
that of the cystatself 1s vanable It mty be parwsitic {echmococer) or 1t
Tty be tuberculous 1t may oniginate from an abstess carcmomn or an
Inflammatary lecion of small bronchs ov bronchioh or from rupture of the
bulmonarv parenchyma Thus cvsts with varied ongmns and formations
such as pleura] bullte emphysematous bullte or pneumatoceles may be
nflated and become large or even of grint size Questtons relwmg to 1n
Bated tubereulous or nontuberculous cwitics crcamsenbed emphysema
inflated pneumatacele caused hy bronclial earapoma or eystie lang are
tiscussed in the chapters dealing with those diseases
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Other ¢ysts ongmating from the pulmonary tissues can be classified
15 bronchial or alveolar

Bronchial Cysts

The bronchal cysts ongmate from ccessorv bronchial buds The mner
surface of the cysts 15 cos ered with a mucosa similar to that of the bronchy
They are generally pedicellated the pedicle 1s attached to a larger bron
chus somewhere i n interlobar fissure These cysts are solitary and rare
more often umlateral than bilateral

The following example shows the diagnostic procedure in 2 c1se of a
bronchogenic cyst

Case 3 A female ifant became dyspneic at ten months of age On admussion
to the hospital 2 months later piotrusion of supeiowntanior pot m «f te
chest and circular mdriwing at the diaphragmatic level were obsenved The
child was severely dyspneie

In the x ray (Fig 85A and B) the heart was displuced to the nght side
on the left side the lung markings were absent only 1 small tnangular density
appeared 1 the cardiophrenic angle on the nght side 1 curved Iterally
convex ribbonlike density extended from the third to the tenth nbs

On thoracentesss of the left chest cavity about 150 to 150 m! of ar esciped
under pressure and 1 consequence respiration woproved On the followng
dny another puncture had the same result Bronchoscopie findings except for
observation of displacement of the bronchial tree were ‘negm»e

n
Valvalar h d were taler

was Susp!
Bronchograms (Fig 35C and D) showed that the entire Jeft lung w1s Cn:
pressed upon the left diwphragm  the upper lobe Jocated anteniorly and ¢ ‘c
lower lobe posteniorly From the elongated left mun bronchus hefore s
division 4 channel directed forwaurd and hiterilly led mto the eyst cavby
(see ariows m Fig 35C and D) eyt
The diagnoss was now established A valvulie bronchogene gin! ’ml
commumeatmg with the Jeft mam bronchus w1s located i the infl" “m
mddle portion of the left chest cavity with displicement of the de‘l‘““‘x‘
and heart estending also mto the upper anterior portion of the nght
thorax
Chest surgery was recommended but beewse the patient w1s very vnd ¢
nounished 1t was postponed

Almost every bronchil cyst indicates surgical resection

Alceolar Cysts
The walls of alveolar eysts are created by compres!
epithelial himing  Actually these are pscl;docysts ‘I‘lns1 type
aertted while a bronchual cyst 1s not 1w 1ys acratec Jmo-
Characteristic symptoms are absent n uncomplicated cucs‘ ‘Of‘ I;““m
nary cysts Sex and age are not characteristie factors Almost alw vy

sed alveolr withaut
c of cyst1g abvs



16 35 Anteropostensor and laterit x rays of a one year old gir) {see Case 3) A On
B
nor and later1t x ra; aol
) eropo

amrows)
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Other cysts onginating from the pulmonary tissues can be classified
s bronchial or alveolar

Bronclual Cysts

The bronchial cysts origmate from accessory bronchial buds The inner
surface of the cysts 1s covered with 1 mucosa stmilar to that of the broncht
They are generally pedicellated the pedicle 15 attached to a Jarger bron
chus somewhere 1o an interlobar fissure These cysts are sohtary and rare
more often umilateral than bilateral

The followmg esample shows the dnignostic procedure m 1 cse of a
bronchogenic cy st

Case 3 A female infant became dyspneic at ten months of age On admussion
to the hosprtal 2 months later piotiusion of supetoantcnion portion of e
chest and cireular mdrawing 1t the diaphragmatic Jevel were observed The
child was severely dyspneic

In the x ray (Fig 35A and B) the heart way displaced to the nght sude
on the left side the lung markings were absent only 4 small trangulir density
appeared m the cardiophreme angle on the nght side a curved laterally
comvex nbbonlike density extended from the third to the tenth nbs

On thoracentests of the left chest cavity about 150 to 180 ml of air escaped
under pressure and in consequence respiration improved On the following
day another puncture had the same result Bronchoscopre findings except for
observation of displacement of the bronchitl tree were negative

Valvular h was ted and bronch

Bronchograms (Fig 35C and D) showed that the entire left lung was com
pressed upon the left daphragm the upper lobe located antenorly and the
Jower lobe posteriorly From the elongated left mun bronchus before 1its
division a channel directed forward and laterally led into the cyst cavity
(see mrows i [ig 85C wnd D)

The ditgnosis was now estiblished A valvular bronchogeme gant 0)55
commumcating with the left mamn bronchus was located in the upper
middle portion of the left chest cavity with displacement of the medastinum
and heart evtending also mto the upper nterwor portron of the nglt hem
thorax 2
Chest surgery was recommended but because the patient was very uft et
nounshed it was postponed
hial cyst ind! surgicl

nere tahen

Almost every b

Alveolar Cysts
The walls of alveolar cyst:
epithehal hning Actually these are pseudocysts This type of
aerated while a bronchial cyst 1s not always aerited ¢ oo
Characteristic symptoms are absent m uncomplicated cases of pu gt
nary cysts Sex and age are not characteristic factors Almost always a

s are created by compressed alveol without
cystisalways
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Fic 36 Xray Blms of a two-ycar-old girl {sec Case 4) show an iflated giant cvst
in the nght lung A The Leart and mediwstinum are displiced to the left no pul
monary markings are noted in the nght chest canity B € Bronchograms showing
the nght bronclnal tree compressed aganst the medustmum and stretched not
collapsed to the hilus as 4y usual i cases of pneumothorax inflated mant cyst was
the diagnosis D Anteroposterior x rav film shows the farmer cyst dwided into several
smaller locuh E F Lateral and anteropostenor x ray films showing that the giant
cyst has decreased it appears as a smaller oval thick walled cavity G The formerly
comptessed pirenchyma has expanded and the cyst has decreased nto a stll smaller
ety Tl Anteropostenior x rays showing the abcence of the cvst

dental crcumstances (comphications, senal exammnations, ete ) eall at
tention to them Complicitions may be bleeding cough, or dyspnen
Valvular action often mflates these cysts, causing respiratory ar circult
tory disturbunces The wall of the mflated cyst may also rupture, resultng
m vahular pneumothorax with or without interstitral emphysema Valvular
cysts are often confused with valvular pneumothorix The majonty of
mflated valvular cysts are alveolar They anse frequently after pulmonary
inflammation, when mucosal congestion or thick secretion causes valvular
action They are very interesting eximples of a combmatton of primary
infection and the consequent mechameal function, which 1s a basic pnn
ciple m pulmonary pathology In inflated cysts the inflammation causes
the stenosis, and the mechamcal effect causes the wflation

The mterior of a gant alveolar cyst may be empty or filled with a web
of nflated aheol: unrecognizable by x ray The web becomes visible 1f
the wall of one part of the alveolar structure ruptures the other alveolt
collapse and create thucker layers which project definite shadows on the
xray film (Figs 36D and 38C)

The confusion between valvular pneumothorax and gant cyst wath
alteration of the eyst’s wmtertor 1s demonstrated m the following case

Casr 4 A two year old gurl suffered 1n March Apn] and May from pertussis
measles, chickenpot, and bronchopneumoma Closely followng the last dis
ease, complete pneumothorax and atelectas:s of the upper lobe was diagnosed
on the nght side The discase was considered of tuberculous orgm and
streptomycin was admimstered



(See caption on facng pEE }
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Fic 87 X ray films of a premature infant (see Case 5) A Atelectassy of the mght
upper lobe with pneumonia (incressed 1 volume) B € Most of the atelectatic lobe
has d-i:ucd only antenior segment remaming awless but m its center 4 pea sized

91
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On admusston to the hospital m June the chuld was debitated and thin
The heart 1nd mediastinum were displaced to the left side, and no pulmonary
markings were noted 1 the nght chest cawity Reacton to itracutancous
tuberculin test and results of bacterrologic examinations of the sputum for
acid fast baaill: were negative

A rays taken m May were unaltered for the succeeding 4 weeks (Fig
36A) On June 25, bronchoscopy was performed and bronchograms tahen
Bronchogrims showed the right bronchial tree pressed to the mediastmum
and stretched, not collapsed to the hilus as 1s the usual case i penumothorax
(Fig 36B and C), therefore, inflated grant cyst was the diagnosis On July 11
the large cavity, which appeared empty, was shown to be divided imnto several
soller cavities, confirming the diagnosis of giant cyst nstead of vahvulir
preumothorax (Fig 36D) On August 6, the cyst was shown to have de
creased and become a smaller, oval, thick walled cavity (Fig 36E and F}
By October 18, the compressed pirenchyma of the right lung expanded, the
cyst decreased mto a small cavity {Fig 36G), and by November 18 1t had
disappeed entucly (Fig 36H)

After bronchopneumonia a valvular inflated cavity occupied the entire
nght chest cavity This giint cyst was considered 2t first to be a valvulr
1 horix Bronek and the sul bizarre varations of
smaller cysts which developed nside the gant cavity, clanfied the dignosis
The valvular ¢yst disappeared within 5 months

fe fl 1om, and talvular mecha

The e events of
nism are obvious 1n this case The relation of these lesions will be more

evident i the following case

CasE 5 A premature fant w15 transferred to a hospital for premature l}’:
fants n Budipest He werghed 33 oz m lus second weck The entne rngl
upper lobe became atelectitic and oflimed (Fig 87A) By the fourth “eed,
most of the atelectatic lobe had cleared, only the antenior segment remaine
qurless, but 1n its center a pea sized aerated cavity appewed (Fig 371:
and C) Within a few davs the atelectasis completely cleared, but ”:;l C(‘:d
slowly mncreased (Fig 37D and E) and dunng the next 8 months d‘h
to the size of a small walnut (Fig 37F and G) Thus lesion did not retar la:
infant m hus development He was discharged from the hospital when het\\e 3
five months old at 2 werght of 112 oz, with the cyst persisting The ne
amination, 2 months later, showed absence of any Tung pathology

r cysts isppeared spon
to evst This s the usutl
1n some cases the cysts
1 suction

In the above two cases the inflated alveola
taneously after the mflammatory stenosis ceased
lustory of an nflated alveolar cyst Howeser,
resist conservative treatment and persist unttl permanent externa
(by thoracentesis) or surgery 1s performed For ex ample

Case 6 A three-yetr old boy had been dyspnei for 2 years T;x:r:“‘\;ﬂé)“

bl of valvular p horax or cyst (Fig 8




DISEASES WITH VALVULAR RESPIRATORY MECHIANISMS 93

Fic 39 Xrays of a four yearold boy slovng mediastnil empl ysema and mter
st tial empl ysema around tl @ bony chest wall (see arrows) after tracheotomy at too
Tov alesel A Latersl B Anteroposter ot

Therefore air finds its wav only through the tracheal stoma however
with the skin wound clased around the cannula its exit 15 obstructed
and the air 15 forced 1nto the tissues of the nech Thus valvular mechansm
15 well known to every surgeon

2 In certam cases cervical and mediastmal emphysema wnses even
1 the wound 15 dressed regulirly with an open pich Emphysema occurs
chiefly in childhood 1f the loose mediastinal connective tissues are opened
dunng the operation In these cases during inspiration the patient aspr
rates air mto the mediastmum through the tracheal stora md skin wound
m forced expiration and particularly duning congh the extruding tissues
obstruct the opening between the trachea and sternum  thus the awr not
anly becomes trapped but also 1s forced fusther mnto the loose medinstinal
tissues (Fig 39) The cough 1s sumulated by the emphysema the can

nula and also by the stretchung of the med k m many
cases the cough 1s conttnual The cough increases the aspiration of wr
smto the med with deep of and spreads the

emphysema by mereasing the expiratory pressure Aw §ils the medias
tinum extends to the neck head chest and then the whole body
To impede the progress of the emphysema a tight tampon should be
wserted nto the jugular opening of the meduastinum and the cough
should be decreased with sedaties w children or codem mn adults
very severe cases mediistinal dramage may be necessany
3 When 1n cases of laryngeal or tracheal stenosis the patient exhales
Wy or coughs hard the stretched pulmonary parenchyma may rup
ausing stibal empl and ats h { pneumo
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i Fletnfiehniter

Yoz

Fic 38 \rn flms of a threeverrold bov (see Case 6) 4 B Inflated val It
st m the nght chest cavity hemited into the left chest cavis € Aftter permnent
external suction several smaller loculs arose nside the grant eyst but the cyst stself
did not decreise D The surgically remored st

Exammnation started with bronchoscopv and bronchography  the zesults of
which suggested vahulir cvst The lesion did not respond to bronchoscopie
aspiration and lavage therefore permanent externil suction wis mstituted
Because of ths suction sexeral smalfer cysts arose mside the gt cyst but
the cyst atself did not decrese (Fig 85C) With externil surgeny the gnnt
cvst (Fig 3SD) which arose from the parenchym of the antertor segment
was removed The major bronchs were absent tn the adjicent parenchyma of
the remaining lobe as well 1s in the surgical specimen

VALVULAR MECHANISMS AFTER TRACHEOTOMY

Tracheotomy mny cause three types of yalvular mechanisms

1 Sometimes subcutaneous and mednstimal emphysema may wnise i the
wound 1s stitched tightly to the capnult During exprration nd mart;
noticeably 1n coughung the ar cannot be expelled through the stenosed
lirynx upper trachea closed glottis or perhaps the obstructed cunnul
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jurtes, simultaneous and 1solated, but mamly m the isolated ones The
chuef causes of the 1solated traumas are as follows

1 After deep mspiration, when lungs are filled to capactty, a person,
eg, an athlete, wiile evescising, may spasmodically close his glotts In
this state the “Tung tree” 1s expanded by the trapped ar If at that pount a
strong external pressure 15 everted on the thoracie wall, the eypanded
trachea or bronchi may rupture

2 The blast from an explosion neir the open mouth may peneétrate into
the lung and rupture the trachea or one of the myor bronchs

3 A fall from a high place to 2 hard surface (e g, from a window,
scaffold, automobile, or arrplane} may result m avulsion of a lung from
the holus by sts own weight and rupture of the trache1, esophagus, or
main bronchr

4 Crushing injuries, such as those meurred by being run aver, by a
cave m, by colliston or by compression between buffers, may compress the
chest 1n such a way that the chest wall itself docs not break but mner
mjunes anse Thts type of trauma occurs particularly 1n childhood when
the thoracic cage s relatively soft and fevible

5 The tracheal or bronchial wall may be perforated by meorrectly or
nexpertly performed bronchoscopy (Fig 41)

‘The rupture 1n most cases 1s transverse Longuudinal or oblique rup-
tures rarely occur because the transyerse cartilages are resistant

Signs and Symp The chinseal apy of 1solated tracheal and
bronchial rupture 15 umque, well differentiated and dramatic The signs
and symptoms are as follows

Shock, generally appearing in cases of external myuty, 1s not always
observed 1n cases of 1solated tracheobronchual rupture Severe shock s
generally caused by trauma of the thorax death occurs as the result of
shock and rarely from dyspnea or suffocation A detaled discussion of
shock does not fall within the boundanes of this subject

Pain m the chest 15 al s present

Imparment of the voice 1s often due to injury of one of the recurrent
nerves

Sputum usually 1s foamy and sanguinous

Dyspnea 1s the cardinal symptom resulting from the stenosts

Interstitial emphysema 1s always present 1 rupture of the trachea or
of 2 major bronchus and spreads very rapdly and charactenstically It
epands within mmutes to the neck chest, face, and scalp and perhaps
also mto the pleural, penicardial or abdomunal cavities, and to the whole

dy The quick spread alone may cause death withm 10 minutes Spread
of emphysema 15 particularly rapid mn childhood it occurs from sealp to
the toes, aur blebs have been observed even under the natls they penctrate
inta the jomnts and muscles, and the musculature may be elevated from
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obstruct on
——cannula
~
_— -— SEAD
RV AN \
-~
A B C

Fic 40 The honzontal section of a trachea A Dunng normal respiration B D nng
cough tle Cshaped cartlages bend inward and the soft paries men branaceus
imaginates into the tracheal lumen (From Stut 1) C During cough the tracheal
imvagtnation obstructs the distal lumen of the cannula and because of the layngeal
obstruction the trapped air may rupture the pulmonary tissues

thorax P d e pentoneum) The reason for this 15
obvious when arways re obstructed but 1t 15 not easily understood if 1t
oceurs when the dyspnen ts relieved by tracheotomy and the lumen of
the cannuln 1s free
1t 15 well known that during forced expiration and cough the C shaped
cartilages of the thoracic trachea bend 1nward and the soft panes mem
branaceus tracheae mvaginates into the tracheal lumen (Fig 403 and B}
This phenomenon 1s called racheal invagmatton **® The bronchologtst fre
quently observes 1t 1 nfants and children duning bronchoscop) After
T y the cluld frequently coughs hard and continually In m
spiration the lumen of the cannula 1s free but m expiration and especually
during cough the mvagntmg panies membranaceus tracheae may cover
the mmer ortfice At the cannula and obstruet 1t by valvular action (Fig
40C) The trapped mir may rupture the stretched parenchyma Probably
tIns 15 the explanation of this otherwse poorly understood process Further
details are given helow under Traums of the “Lung Tree”

TRAUMA OF THE “LUNG TREE

15 and treatment

Injury to the cervical trachea 1s not rarc its diignos
how re not discussed

are however in the field of nech surgery and 2re therefo
here

The thoracic trachea 15 hidden behind the strongest portion of 'hfdbﬁgr)'
chest cage The bronch: are protected by this bony wall nd ":131( ulnchl
by thick layers of soft tissue therefore the thoracic trachea and br Tone
become traumatized not so often by direct mjury to these OfgwS 5
but more often 1n assocition with mjury to the thoree wall "mdhnnho
organs within the thorix However 1solated trauma of the bron:n;y "
mny occur The apprent ranity of this imury 18 due at least p -
lack of ¢ The hologist 15 ted mn both forms o
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simster dexter

Fic 41 A four yearold gul A The child mflated by miterstitral emplysemt after

Jt vabalar
bronchoscopic perforation of the trachea above the c:l;'lm na::;:a:vaiemh N
pneumothorax 1s under external suction B Eight days al ;er}‘mp s
esternal surgery C Bronchoscopic view of the position of the pel

the bones This 1s called general interstitiol traumatic cmphgss"'; 5(5 ;‘:;
41) It anses n the following way In mspiration th;’] wounnd Ic’cl]upﬂ‘s
air 15 mspurated 1nto the medastnum  n exprration c}.“m:n hysera 15
and ur becomes trapped The pronounced spread of ¢ cé‘,el,’mpmtm
purtally explamed by the exeited cough which mcml:'es es also another
suctron and the exprratory pressure but the cough pro “; and the “lwng
phenomenon During a cough the glottss becomes closed d by this pres
tree 1s confined under strong pressure The wound IOP ene alw’l’hr achion
sure permits arr to enter the mediastinum This s also 23
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re the particnlar caleular action of the glottls Thus there 1s a double
vale Qne valhe 15 represented by the wound m the “lung trec” atself
and the other by the gloths During normal resprration medhast » 187 ¢

oceurs only m mspuation but dir n t
aspeaha- Y
arr to double
mech

Emp 1 uest to the neck then aver
the ent wy (41, 4} Over the chest fine synchyonous crachmg with

the pufse 15 qudible Hewt dullness and the apex smpulse are drmnished
or absent and dull heart sounds ase noted Alternatmrg and dimmshed
breath sounds are percened Equnocal descent of the lnver dullness

p ry and W g ynpunment p b and pneumo
pencardum also may anse

The respiration 15 wheezmng, twanging sometimes wlusthing, Exprration
s impulsne and mterruptured

Emphysema may extend also to the pharyny mouth and even mto the
nasal pharyny closmg the choanal operungs The vorce thercfore of the
impured patient 15 a strange deep closed nasal voice On battlefelds
trauma of the arwys and mediastinal emphysuma were divnosed some
times only from ths strange voice

X ray films show thie medashinom wide and contaming Lirge ass blebs
H emph; has already extended sab W a parent layer
of arr can be observed between the bony chest wall and the shin of the
chest (Fig 89)

The diagnoss from these signs and 5y mptoms 15 generaly easy

In tracheobronchs) perforation or where it 1s suspected a broncha
seopie evamuation should be made 1t once 1f the patient s condition per
muts By bronchoscopy accurate d and localzation may be stated
for the thorame sargeon who will close the pertorhion without dehy
stenosing changes—distocition protrusion of the suptured edges—may be
nor only mspected but also possibly corrected to decrease dyspnea and
retard deselog of the emphysem: blood and tion may be asps
rated Atelectass frequently 1 due to retmned secretion but mav be of
reflex ongm and the genests can be determmned onlv by bronchoscopy

In cases of chest mury the duty of a bronchologest 1s to restore and
mantan free respration equally before dunng and tfter operaton
¥or some days after the trauma deep breathing and expectosation are

bt :A lated must be e d Pasticular
attention shovld be pud to the cleanness of the mrmays if the pabient
undergoes surgery

Prognosis The prognosts 1s good m cases af munor trawma without
mural perforation The penetrating sy urgently calls for evtesual




98 CLINICAL APPLICATIONS OF BROA\CHOLOGY

¢+ weduplue s trealar mednstinal and pulmontry bssues

protrude imnto the ruptured bronchsl ends increasing the stenosis and
1ol P’ 5

em, or ab

] P Dy
sgess my apse m the pulmonary parenchyma distal to the stenosis In

these cases the prognosis 1s poor

OTHER DISEASES

Valvular action also takes part in the onigin of emphysema The v ilvdar
action inflates the alveoh and hinders the respiration especrally the ex
piration because of stenosis of the munor brencht Ths steasts 1s caused
by wflimmatory or allergic congestion of the mucosa This phenomenon
1s seen 1n cases of emphysema due to chronic bronchiis and bronchf
asthma By this mechamism circumseribed emphysemas and delieate bron
chiectasis may arise Some wnters talk ducctly about “bronghial em
physema * ®

The part played by valvular action i the development of bronchiectasts
1s discussed in Chapter 9

Summary

Valvalar mechinsms connected with sespiration anse m valvulir
bronchial stenosts nflated cysts after tracheotomy m trawma of the
lung tree ” and m some other diseases

Inflated cysts anginating from pulmonary tissues may be bronchial or
lveolar

Bronehia] cysts ongmate from accessory bronchral buds They are troe
cysts and have their own wall which s hined with bronchial mucosa

Alveolar cysts are pseudocysts ther walls are composed of aheolt
which are compressed by the mflated pulmonary tissues They occur mos:
£ ty ftes pul y and are the most interesting
ples of the comt of primary mi and t smechan
1ol function The valvular bronchual stenosts 15 cansed by the mBamma
tion the inflation by the valvulwr mechanism

Almost every bronchil cyst mdicates surgs
alveolar cysts disappear spontaneously 1) The

Tracheotomy may cause three types of valvular mochanisms (1) S
expired air 15 forced mto the tissues of the nech and medmstmm;n| W :n .
the shin 1s tightly closed around the cannula (2) Mediastinal em;; )‘5" "
may occur even if the wound 1s dressed with an open pack regyl “‘!)mc
this case the wound p mto the Joose med: H:ﬂ hsslu‘-s an "
forced nsprration aspurates arr mto them (3) So called “tracheal rnaguy

cal resection most of the




tion * 4y, g bstructs the dygey; umen ula T,
trapp, ar (lurmg forced . Piration op ugh 'Plure the puImonary
Parency, d theo agh pul, Onary erstitra] ) sem, ney
Mothor. Umopersty, T Prieum, d,

Isol,, ted ¢, of the *| I tre oo fimeqy 2PPearanee
S Unique well Differeny ted ang g, e regy, ene; Imterstxml

alvujyy action ), takes bart deve!opmcnt ot’pulmon uy €mphy som,
ue to chrop,e bronchxt:s or brone, a asthmq may play » Tole y the
tases
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bronchoscopically Instilation of Inury} sulfoacd sodium solution {in an
05 to 1 per cent wetting agent) or inhaltion with Alevaire softens the
crusts and makes them easy to remove Unless exacuation of the airw ays1s
accomplished, the infant suffocates, or if he survives the severe disease

1 hecations (p 15, abscess), creatricral
h may develop

F Y P
b hal stenosis, or br

CHRONIC AND DEFORMING BRONCHITIS

The etiologic factors m chronie and deforming bronchitis are repeated
acute mflammations of the bronch, chrome purulent inflammations of the
upper respiratory organs (nose, paranasal smuses, nasopharynx tonsils),
crrculatory disturbances allergy, and prolonged wnitations Irntitions may
be the result of smoke or dust inhalation, asprration of chemicals o exces
sive smoking or consumption of alcohol

Of the group of irntating matenals, dust ihalation 1s the most common
The dust may penetrate mto the alveolr and further to the pulmonary
I The p ) of the resp 'y organs tries to
resist this process Normally about 50 per cent of the dust 1s retamed by
the nasal mucosa, 25 per cent 1s hept by the mucous membrane of the
lawer respratory tract, and from 8 to 15 per cent returns to the outer
world Thus only from 10 to 15 per cent of the dust enters the alveoh
of the dust granules are less than 4 4 m drameter (thts bemg the drameter
of the resp y 1 hioli) The p of the dust 1s furthered
by nasal respiratory disturbances (septum deviatron nasal polyp ete.)
and by an abnormally wide nasal cavity (ozena) The dusthasa mecham
cal (foreign body) effect, 1t carnes infection and may rmitate chemically,
as well

The bronchial glands react to these rrritations by incresmg their secre
trons which serve as a breeding ground for the bactena This 15 the star:
of inflammation If the bronchitis 15 prol d and ;
changes occur As a result of inflammation the eprthehum Joses 1its csha
the single layered epithelium becomes multilayered, and the cleansing
1s retarded b per

Dragnosis Not long ago 1t w1s held that nearly all patients wil Kt’\e
sistent couphs had chromc bronchibis  If the chest x ray was }?e!i;; u‘ns
and pulmonary tuberculosts could ’l:e more or less excluded, phys
diagnosed the case as chromie bronchitis

ﬁ‘e broad application of hrenchoscopy proved that such an nppro:lljll
was no longer ad The L hol dignosed e 8
43 per cent bronchiectasis m 23 per cent, pulmonary !ube‘rxcl‘xl risd‘mmc
per cent and lung tumors mn § per cent of the cases of 50 calle
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bronchitis” Chronie bronchihs was found bronchoscopically m only 21
per cent **

The first duty of the bronchologust 15 to reveal the reasons behind the
symptoms, such as a persistent cough and discharge of secretion Next, his
function 1s the ehmination of the cause and the treatment of the mflamma-
tion In cases of chrome bronchitis the bronchial mucosa s red, moderately
swollen, velvety, and m places covered with secretions The secretion 15
usually thick, transparent, and yellowish or greemish The bronchologrst
aspirates the under sterile d , for ba 1 ex-
amination

The mflammatory swelling of mucosal tissues narrows or occludes the
long efferent ducts of the bronchial glands and diverticula (Chap 1) The
retamned secretion dilates the ducts and the acim Delicate saccular canals
oceur which may persist after the disappearance of the inflammation and
the ot the ducts Bronct show these dil as thorns
on the outer hronchial walls (Fig 42)

If inflammation persists and increases, the canals become infected Since
the bronchal glands and diverticula extend beneath the cartilages
m many places, deeper layers of the bronchial wall become affected
Small abscesses and small areas of necrosis appear Their consequences are
granulation and cicatnzation Smooth muscle reacts to nflammation with
tonie disturbances, spasms and paralys:s alternate These actions destroy
the muscle, and granulation and eicatnization replace the elastic fibers,
thus, the bronchial wall, which has great resistance, weakens These are
the steps m the development of deforming bronchitis

——— ]

o=

)
7y _y’ ™,
4%

: R

Fic 42 Bronchogram showing small glandular di

erticala m the wall of the nght
mam bronchus in a case of chrome bronchitis
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in cases of defi bronchtis A The spastic type B
The paralytic type C The paralytic type with developing bronchiectasis

Fic 43 B h i

The evolution of deforming bronchitis my be observed on bronche
grams In the earlv phases the L h show shght and
spasmodtc stenosis on the bronchial walls (Fig 43A) Refleves to which
the smooth muscles react are mereased In ths stage of the mflammation
most of the secretion 15 expectorated Subsequently distortions 1nd dilata
tions of the bronch prevail (Fig 43B) In tlus advanced stage the amount
of secretion 1s increased reflex stimulation because of damage to the bron
chial wall d exg of 1s hundered Many round
filling defects appear on bronchograms because drops of secretion are
muxed with the contrast medium Fimally pronounced cy lindrical or sac-
cular dilatations can be scen n the broncht smooth muscle function 18
absent and d of 1 d hed The process has reached
the stage of bronchiectisis (Fig 43C)

Deformmg bronchitis develops chuefly m bronclu m which the secre
tron 15 retaned Thus the bronclutis 15 most pronounced m the bronch: of
the lower lobes next 1n the mferior Iingular segment followed by the
approumately horizontal broncht of the anterior and the supenor Tingular
segments The nght middle lobe reacts with pecubar vulnerability to 1
flammation (Chap 7}

Therapy Deforming bronchitis at
ment and later may spread to the other broncht ¥
severe the inflammation 1s and the longer it persists the faster 1t spreabi
and the more extensive the process becomes This fact 15 important ;
cause with d or cure of the infl the may be
prevented First the patient 15 treated wath the usual internal medls:;
tions Previous bacterrologic examnation 1s very important becnll’lse -
pending on the sensitivity of the bactenta antbiotic therapy w:Hh e éﬂm
tuted and autovaccine therapy also may be admumnistered The rnd

hol performs t hial lavage to d the @

first may be Iimmted to a single seg
Naturally the more
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secretion The commonly used antibiotics are pentailln (40,000 umts m
5 ml of physiologic salne solution) and streptomyem (01 Gm m a
similar solution) In cascs of mixed infection these antibioties may be
used simultaneously Bronchial lavage can be performed ance or twice
a week

If, 1n addition to 2 p deforming
15 observed also 1n the neighboring bronehy, extirpation of the bronchiee
tatic portion mrust be performed as soon as possible With the extirpation
the extension of the process may be arrested After the operation treat-
ment of the deft must be d, otherwise bronch
tasis will develop 1 the segments, as well

BRONCHIAL ASTHMA

In this disease acute hypovemua occurs with the attacks of dyspner
The respiratory disturbance 1s caused by spasm of smooth muscle of the
delicate bronchioly, by allergic mucosal edema, and by the very thick
tenacious seeretion Both inspiration and expiration are retarded, but be-
cause 1m expiration the Jumens of the bronchiolt narrow, exprratory dyspne
15 more pronounced Therefore, the alveol become inflated Durning an
attack acute emplysema develops, with 1ts characterishie symptoms In
young children [requently repeated attacks heep the relaively soft wall
of the thoracic cage m an nflated state and deform 1t Smooth-muscle
spasm 15 caused by reflex and/or allergic shimulations

The reflex shtmulation oniginates from the vagal nerve endings of the
larynx and the lower awrways or from wmtation of the tngemnal fibers
caused by nasal diseases Tracheal and bronchial nerve ends may be 1
tated by forexgn body, tumor, perforation of fymph nodes etc

The allergic irntation 15 a consequence of sensttivity to foreign protems
The most frequent allergens are pollens, dander from the skin of am
mals (horse, dog, cat, etc ), feathers, house dust, food, or bacterial protemn
In allergic asthma Curschmann's spirals, Charcot Leyden erystals, and
eosmophxhc leukocy tes are [ound m ﬂlc spu!um The blood also contains
an d number of hihie X

The bronchologist 1s interested 1 every member of the first group,
reflex stimulations and 1n the sceond group, allergic wnitations, chiefly
1 bactenal asthma The nose, throat tonsils, and larynx of every patient
with asthma must be d This
1f the charactenistic eosioplilic cells cannot be found 1n the blood :\nd/or
sputum 1In thesc cases 1t must also be considered that the presence of
status asthmaticus may be caused by diseases of the lower airways
foreign body, tumor, etc, and thus bronchoscopy must be performed

Allergic asthma may be caused by the bactenia of a chromce bronchatis
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n with bronchul asthma A B
chial asthm1 C D
{Case from

Fie 44 Chest films of a forty two year old woma
Atelectasis m the left lower lobe due to thick secrchions of bron
No pathologic condition 1s scen 2 days after bronchoscop ¢ aspiration
the Lankenau Hospital Philadelphia )

In these cases a culture of pathogemc bactena obtamed from the secretion
by stenle bronchoscopic asprration may be made Sensitivaty tests may
reveal the proper antibiottc to be used Autovaccme also may be producct
and admimstered

Therapy of allergic asthma generally does not concern ;
but if the extremely thick and tencious secretions accumulate mn the
bronclu of a patient with asthma and cause atelectasis or dyspnea these
secretions must be aspirated bronchoscopscally (Fig 44) By this pro
cedure death by asphyxa 1s frequently avorded

the bronchologist
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Summary

Acute infe lar; heobronchitis 1s a specral condr

tion which 1n most cases 15 a very severe disease, especially in mnfants
Complications occur because the mfant with hus weak cough and meffec-
tive expectoration 1s unable to bnng up the very thick secretion from the
narrow airways Therapy, from the bronchologist’s point of view, consists
n the immediate removal of the thick secretion by aspiration, tracheotomy
where indicated, and bronchoscopic removl of the crusthhe secretions

No matter what the etiology 1s (inflammation, airculatory disturbance,
allergy, or imtation ), bronchtis may undergo three developmental stages
{acute, chronic, and deformmng), and if thus destructive process 1s not
stopped, bronchiectasss wall Snally develop

Not long ago 1t was held that nearly every patient who coughed per
sistently suffered from so ealled “chrome bronchitis ™ The broad applica
tion of brunchoscopy prm ed thit such an approach was no longer ade-
quate P of chrome 1 Y was
bronchoscopically 1 only 21 per cent of cases

The duty of a bronchologist 15 to reveal the reasons belund the symp-
toms, to ehiminate the cause, to treat the bronchial disorder, and to prevent
the develapment of the bronchiectasis

Bronchial asthma may he of reflex ongin, ansmg from nose, laryny, or
vagal nerve endings of the lower airways, or 1t may be an allergic dis
ease due to any of an endless number of allergens Tracheal and bron
chial nerve ends may be imitated and status asthmaticus caused by foreign
body, tumor, bronehral rupture of the lymph nodes, ete Therefore, 1n the
absence of allergic signs and nasal disorder, bronchoscopy 1s mndicated
Allergic asthma may be caused by the bactena of chrome bronchitis In
lhese cases, a culture of bactena may be taken and sensitrvaty determmed
A also may be duced and ad

In both types of asthm+ the extremely thick, tenacious seeretton may
accumulate 1n the bronchial tree and cause '|telectﬂsls or dyspnea In these
cases th t h 15

ol







Some readers MY surprs’ to fine nenmona 1
Auded 1 ths NOE) ot oes the btoncho\ogtsl want to wavade
he terntory of thus chard neally mternal duseas Does he eally want
o cure a throv! h hus neho: pe? The answer 15 Yes\” He
wnshes 10 11 ade and th s ecial mstrU to cure SOME speaial
forms of P ! which are Josel connect! 4 with 2 bmnc\\m\ dis

ease l’neumuma interests the \)roncho\og\sl 1n MAanY respects 1ts preven
non Ajagnosts duratio® and chromeity and A compheations The com
plications of poumom? are auscussed 1 Chapters 8 9 and 12

Preumomtis evolves 1w MY cases from @ pronchial disease Bronchial
nflemmation and ected ‘pronemal secretions nfect the aheoh Brom
chual stenosts unders e deamng of arways 50 that secretion accumtt
Yates distal O (he stenosis From at obstructio® of the bronch first atelec

" P ontis 1S obvious that &
pronchuat esion stenosss OF obstyuction must be removed | order to pre

momd
pulmonary telectasis with egard 10 prevention the bronchologist 13
gust of alt terested 10 putmonary atelectdsss Bronchoscopy i \ndrcated
1 any form of atelectass e uthor 18 &% are of the question of reflex
. < that some waters €onne even obstructne atelecta
~ tmonary musculature system Tt
T A s o

<
and MUY

However
Actually by reroving obstis
d 4 space & !
an pne\\monms prevente pace docs ot P
e of atelectasss precedmg prew mtis O ¥y
st

oly those most umport
grom the bronchologist pomnt of view will be mention ant
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ATELECTASIS OF A NEWBORN INFANT It 1s well known that this 1s caused
by of fmnd, vernx caseosa, or fanugo Some
degree of pulmonary aurlessness existing for several days 15 physiologic
but 1f 3t 15 extensne and lasts more than a week or two, mtervention 1s

1 d i of atel of the newborn caused by bronchal
obstruction are as follows

1 Progresswe dyspnea with cyanosis, more prouounced akter crying o
other evertion With oxygen wmsufflation 1t can be elmuaated

2 Suprasternal and epigastnic mdrawing, decreased thoracic mose
ment on one or both sides weakened respiration

3 Rhonch and local emphysematous areas

4 R aphte shadow ding to one or more lobes

In these cases the newborn must be rehieved of the obstructing matenal
First we attempt the simpler methods Through the direct laryngoscope
an aspiration tube with a rubber end may be mtroduced under fluoroscopit
gudance and asprration pesformed on the atelectatic side Ovigen and
warmth m1y be used, and the resprratory center sumulated

If after this regimen bronchial obstruction does not disappear or the
child 1s exh 1 hronchoscopy s urgently indicated, and the ok
matertal must be aspirated under isuahzation

Because of Ius exhaustion the state of the newborn does not improve
nstantly after thns trextment The obvious mmprovement generally oceurs
after 6 to 8 hours

Atelectasis of the new born infant 1mnolung a whole lung may be caused
by a congenital v eb 1n the main bronchus or by stenasis from other causes
The congenital web may be pierced vith the bronchoscope or with 2
probe through the tube, and thus atelectasis may be elimmated These
abnormahties arc very rare

mr:sm;s cws}:;yny THicK SECRETIONS In atelectasis caused by thick
secretian we have a peculiar situation Previously the use of the bmm:h;)s
scope was genertlly accepted in adults but not untntmously 10 mf:mn
and young children Some writers thought bronchoscopic treatment ‘g
advisable at this age because of its danger These papers are SuIpns\»
and create the doubt that a skilled bronchologist was at

05!
i T?xle use of the bronch resulted m a most urrclrpeﬂ:‘:
expenence, here as i all human endemor, knowledge "‘“73; M ‘:,::;)Ic
doors were opened wider It was frequently obsers ed thay after

1 broneh

Liy and unerpect
disappeared quickly ax s had

the witer's dis

edh This clanification “came about even m children where atelectast

lasted for weehs or months m spite of the usual treatment o
What 15 the usual treatment? It may be carbon dioade ;nsu ton

repented slapping of the chest wall to make the child cough PO






Fic 46 A-ray £lms of a premature newborn After influenza, atelectasis appeared 1
the left lower lobe A, B The atelectatrc lower lobe, mstead of decreasing as 1s usual
1

mereased in volume (d) d. or abscess type atel ), but the displacement
of the heart and mediastioum and the clearer area mside the shadow at the cardio-
phreme angle (A) are stll unexplawed, valvular emphysema in the left upper lobe
must be dered Both atel ang are due to thick secretions
The above mentioned clearer area is projected by the inflated hoguls Two weeks
after laryngoscopic aspiration, the previous changes had disappeared

Pads

e a e
nt of the left Tower
o nor B Laterd

1 be
Fic 47 X ray films showmg pneumoma in the apical s, )
i a thirty five veir-old man after appendectomy A Anteroposte

e
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Repeated Aspirations in Chap 4) 15 mdicated Bronch
has often proved to be a fesaving procedure

Atelectasis caused by thick secretion 15 frequently observed m poorly
developed and undernounshed mfants or m children because of therr
und
(Fxgs 45 and 46) In adults 1t 15 more lAker to be observed after thoracie
or abd 1 surgery when exp 1s hindered (Fig 47)

The following points are d from the 1 * In chldren
with negative reaction to tuberculm test atelectasis cleared up within
10 days after the first bronchoscopy mn 63 per cent and withm 1 month
20 per cent but 1 17 per cent treatment was unsuccessful The poorest
results appeared m pertussis n spite of mtensive treatment with sulfona
mudes antibiotics and postural dramage 1n these cases atelectasis per
sisted sometimes for more than 5 weeks after bronchoscopy In nontuber
culous cluldren 83 per cent of the atelectasis that farled to react to the
usual conservative treatment disappeared within a month after broncho
scapie treatment

In atelectasis 1f no other cause exists thick secretions must be consid
ered Regardless of its etiology atelectasts must be abolished as soon as
possible Furst the smpler postural drainage d day
and mght breathing exercises hould be ad d for
removal of a plug 1f no improvement 1s observed within 2 week bronchos

suppuration 1t 15 a chief cause of bronchiectasis From observations of a
great number of cases 1t was stated that the same pulmonary parenchyma
that had been atel later became t h Furthermore 1t was
also observed that the development of broncliectasis was closely con
nected with the duration of the atelectasis the longer the duration the
worse the prognosis It was stated that sometimes an atelectasis of 10
weeks duration caused irreversible bronchiectasis after 6 months there
was hittle hope and after a year expansion of an atelectasis could not be
expected However the author observed cases m which this statement was
ot venfied (Figs 48 and 49) It probable that a uvenile puloonary dis

ease 15 responsible for the plained etwology of bronch m an
adult

The use of the bronchoscope 1s not mdicated for the treatment of m
fluenza other acute bronchial catarth or nfl de

velopmng from these diseases or an atypical perhaps virus type of pneu
moma (Fig 50) These conditions must be treated with adequate internal
medication However if the bronch 15 pathol Ily pro
longed orif b stenos:s or atel, occurs b k y 15 um
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Fic 49 Lateral x ray film and bronchogram of a four year old boy & Film show
g 2 completely atelectatic muddle lobe 2 years after pertusns B Bronchogram
showing the crowdmg shortening and dutortion of bronchi of the middle lobe
{charactenstie of deformng bronchius ond chromc lobar pneumonia) Note flling
defect 1 middle lobe bronchas C Fibrinous debris 5 by 6 by 10 mm m size re
mmed bronchoscopically from the middle lobe bronchus

Fie 50 X ray flms showing atelectasss of kngular mfcrior segment of a thirty fre
yairold womm A Anterapostcnor B Lateril Tle atelectasis was dul, to swelling

of the wawotw after an atypead {s) preumoma The TaveTA wan Weted wnd

Cured by imternad medwation. (From the tollection of the Checalier Jockoon Gl
Philadelphia )
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peratne In the great myonty of these cases the cause may be revealed
and el 1 only b prcall

Foreign bodies frequently cause atelectasis and pneumonta This sub
ject 1s discussed n detail in Chapter 12

Rupture of tuberculous lymph nodes will not be considered here 2s a
tuberculous lesion but as a cause of 1 nontuberculous 1e suppuratne
pneumoma Tuberculous cheesy debrs represents a foreign body 1n the
bronchus It induces pathologic mediastinal motion valvular emphysema
atelectasis pneumothora or even surpnisng combmattons of these and
through these purulent pneumoma may result (Figs 64+76)

Dragnosis
Acute and chronc bronchial imflammations of wmterest to the broncholo
gist have been d. 1 Types of b ial stenosis and func

tional factors and symptoms have also been mentioned The etiologie fac-
tors are summanzed m the following outlme (from Holnger and An
drews ** with a few alterations)

I Intrabronchial causes
A Endogenous
1 Secretion
2 Blood
8 Broncholith
4 Ruptured lymph node content
B Exogenous
1 Foreign body
2 Gastnic content
11 Endobronchial causes
A Congemtal web
B Nonspeeific mflammation
1 Edema
2 Congestion
3 Cicatnicial stenosis
C Specific nflammation
1 Tuberculosis
a Edema
b Congestion
¢ Granulation
d Ulcer
e Stenosis
Syphilis
Rhmoscleroma
Leprosy

= ot
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D Deformty of the walls
1 Dewiation
2 Rotation
E Tumors
1 Bemgn
2 Mahgnant
Extrabronchial ewuses
A Inflammation
1 Enlarged lymph node
2 Medistmal abscess
3 Disease of the vertebrae
B Cysts
1 Fulmonary
2 Mediastnal
¢ Emphysema
D Tumors
1 Medastinal
2 Pulmonary
8 Esophageal
E Cardiovascular
1 Aneurysm
2 Cardiac disease
a Left auncalar dilatation
b Congemtal hypertrophy
¢ Anromahes
F Esophageal foreign bodies

I

The general nte rmsl ! pediatrictan or roent
logist may make a d but if 2 pulmonary unit
{lung lobe segment) 1s mvolved ;md bronchial stenosis 1s suspected the
supplying bronchus must be examined for the etwologic lesions If pneu
monia 1s cured with antibiotics and recurs 1t its mitial location bronchos
copy 15 especially important It 1s 1 great error to wait for repeated recur
rences The case of a forty fise year-old male yrelds an example A series of
doctors observed and treated with antibiotics pneumonta of the patient s
Ieft lower lobe twenty four times wathm 2 years His last physteinn awoke
to the need for bronchoscopy and adwised 1t An ademona 10 by 12 by 22
mm was emoved from the left lower Jobe bronchus (Fig 89} The pattent
was very fortunate to have survived Ius frequent atticks of pneumoma
without developing wreversible bronchiectasis This rule must be learned
Preumoma repeated trice i the same location must 1rouse susprcion of
disease 1n the supplying bronchus and indictes bronchoscopy
1t has been stated repeatedly that pnettmonsa molsing a lobe or seg
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ment may be caused by 1 bronchial lesion Suspreion of such a Jesion 15
strengthened if the pneumonia becomes prolonged ot 1f it 15 chronte An
other smportant rule 1s the following In any case of lobar or segmental
pneumonia lasting more than 2 weeks bronchoscopy 15 mdicated the
mdicatron 1s more imperatn e if the pncumoma 1s chronte The cause that
prevents recovery must be seirched for mn the bronch

Middle lobe Syndrome

In this respect the most vulnerable umt of the Jungs 1s the nght middi,
lobe Graham et a1 7 recogmzed the importnce of this pecultar vulnera
bility ind gve this lesion the general name suddle lobe syndrome They
categorized by this term 1 condition of the nght middle lobe result ng
from compression of the lobir bronchus by lular or peribronchal lymph
nodes with secondary changes in the pulmonary parenchyma Since their
reportm 1948 the term has been wadely used by other wnters for atelecta
s1s or chrome pnenmonibs hmted to the muddle Jobe regardless of the
etiology of the lesion even cases without compression or occlusion of
the bronchus were put n this category Under this nime vastous wnters
discuss the following diseases atelectasis and chrome pneumons with

secondary L hiectisis chromic ab with orgimzing pneur‘nur'"hs
atelectasis and chronie p ndary to tul 1 sy mp
tis } 1 silicoss adenopathy related to lowcr eso

phageal trrumn bronchial forergn body ete

The author has observed 1 sertes of cases of chronic mrddle lobe patu
moma due to thick sometimes fbrinous secretion without adenopathy or
bronchostenosis * (Figs 48 and 49) The inflimmatson m these cises was
not destructn e and was treated very successfully bronchoscopically How
ever one cannot give a simple anatomuc explanation for these c:fcs shm;'s
ing the peculiar vulnerabulity of the night muddle Jobe Brock g:lvims
etiologic factors the length and narrowness of the middle lobe hronlc -
and 1ts acute angle of orgm from the stem bronchus and nlsl ¢l otshe
relationship to lymph nodes that drun the nght lower lobe as well as by
mddle lobe and other Jobes Observations by the author and other m\i "
gators suggest that functional factors (perhips weahker qemdyln;lrl:lfmy
the middle lobe ) may be mother explnation of the pecubiar vuln
of the right middle lobe (see also Chp 2)

Summary

P the bronchol 10 regard o prevention &8
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nosis prolongation and chromeity and Lcn‘mp]nflrlclls —
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easeosa or lanugo or 1t may be due to congemtal web especinlly when
a whole lung 1s mmvolved At a later age 1t may be caused by many fac
tors. Bronchoscopy 15 indicited m any case of atelectasis Thus the normal
lumen of a stenosed bronebus and ventilition of the dustal parenchyma
may be restored and development of pneumoma prevented

In cases of preumonia invalving a pulmonary uowk (lung lobe or seg
ment) lesson of the supplying bronchus (lung lobe or segmental
bronchus) 15 suspected and clls for urgent bronchoscopy when the
pneamoma oceurs fietce m the same location The suspicion of such
a lesion 15 also hened 1f p 1 15 prol d for more than
2 weehs and particularly of 1t 15 chronie In these cases hranchoscopy 1s
strongly mndicated

The nght mddle lobe 15 peculinly vulnerable to atelectasis The gen
eral term for tus lesion 1s sddle lobe syndrome Brock gave as etiologic
factors the length and nirrowness of the middle Jobe bronchus sts qcute
angle and the closeness of lymph nades around it Observations of the
author and other inveshigttors suggest that functional factors (perhaps
weaker aerodynamies) may be another explmntion for the pecuhar
vulnerability of this lobe







Pulmonairy Abscess

Pulmonary abscess anses from necrotizing pneumonia {(Fig 51) and
ungle or repeated wspiration of septic matenal Hematogenous embolie
abscesses alse eust but according to recent sesearch are raver than
bronchogeme ones

Inthe majortty of cases the septsicmtert] (pus blood tissue ) 1s denved
from the vpper respiratory trict or from the mouth piranasal smusibs
dental canies tonsillttrs or adenosd or tonsil tissue aspirated durning epera
tion These substances may be aspirated sn sleep dunng unconseiousness
or at the time of nasal phuryngeal or Jaryngenl operations or remnoval
of teeth Dunng operations performed n the situng position infection
enters the lower lobes more frequently and the nght middle lobe less
frequently After thoracie or abdommtl operations resprration ts wetk
ened and expectoration 15 hindered Because of the drminished phreme
respiratton  secretions accumulate m the lower lobes and may cause
abscess tormation In sleep or after operation when the patient ts lymng
10 the recumbent position seesetion accumulates in the apical segments of
the lower Jobes 1n the l1tural posstion 1t aceumulates 1 the avliry sub
segment and 1 the half lateral position in the posterior segment of the
apper Jobe (Fig 52) Therefore pulmonary abscesses appear partrcularly
n these segments they are caased by msprration and thesr locttion 1s
determined by the patients pesition Thus a pulmonary abscess 1s gen
erally an Iand § ! disease * A pul y abscess may
anse from an asprated foraign body a degencrating mahgaant tumer
{simulating an 1bscess) a sephic bronchal or alveolar cyst ruptured mnto
or commumerhing with a bronchus or an mfected echinococcus cyst
An abscess miy be csed atso by mflimmation penetrating into the
parenchy ma from the neighbonng organs {mediastnum pleural cavity }

A pulmonary abscess frequently appetrs m the upper lobes Formerly
every process Jocated m the upper lobes w1s considered to be of tubercu
lous pulmonary apicil catarrhal onigin and in the lower lobes to be an
abscess However it 1s 1 fict that a tuberculons pulmonary lesion 15 alsa
an mspirational and positonal disese 25 1s pulmonary hscess ! There
fore the tubcreulous pnmiry focus (hke an abscess) 1s manly m the

12




122 CLINICAL APPLICATIONS OF BROVCHOLOGY

aullary subsegments and posterior segments of the wpper lobes (eg,
Assmann focus) or the hngular supertor segment (Fig 53) and m the
apical segments of the lower lobes (Fig 54)

Pulmonary abscess generally 1s a segmental diserse It 1s located 1
2 segment ud many tines mokies a totad segment In more severe eases
1t may extend to a whale labe (Fig 51) In 75 per cent of the cises the
abscess 15 solitwry  two abscesses (m two Tobes or bilaterally) are seldom
observed In the begraning pus i an 1bscess ansing from paeumonii con

Tobe A
T 51 \ ry films showing pneomomn edending ta the whale Iclzﬂu'x;;;;: ahsces
Anteropostenor B Lateral The upper lobe necrotized aw ‘““:f faterat broncl 0
wlich later was hred with epithchum C D Anteroposterlor an
grams rospectinely shawaag the cavity Lobectomy was peri
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Fir 52 Sl emate dravamy, showing e development of n pulmoniry abscess A
The secratton enters 1) ¢ awllary subseiment or the pa teror seg nent m hiters} or
¥ of hateral poston B The seurction secumulites s tle ameal segments of the
Tower Jobes when the pitient 15 i the dorss} recumbeat posts B { From Brogh 1)

tams pathogeme orgamsms They we mostly stiphytococes streptococer or
Fredimnder s hacaflus The open abseess sooner or Titer wquares secondary
snfeetion Spreochietes wnd fuform baeith occur ehefly 18 cases of dental
ongn

Signs and Symptowms The symptoms of an abscess we fever srregular
or (ntermittent paw not wlwiys preseat but sometimes severe cough
sputum shght at the begasnmg and dater profuse sellowish greemsh and
qute often putrid sometimes bloody leukotytosts with merewed seds
mentation rate and malaise

The ¢ ray appeatance of an abseess before 1t suptures mto 4 bronchus
and before it dhscharges pus 15 sunthar to that of pneumona After sts rup
ture into a bronchus aie enters and occupues the upper portion of the
enity and the « ray shadow Jooks ke that of a bisket wath 2 handle

Fre 53 Zean fby stod an ab ces antre deft §ouular Grpocr sepment and

i{:‘rl\n‘\m o the ot phoarat oty o s Whreevearold gt A Antetopestenior B
e



~dudi B
Fic 54 Clest trays of a tvoyear old gsl A B Lateral and anteroposter or fims
respectvely showing huge abscess 1 the apical segment of tle nght Jover lobe
Note that the shadow 15 s mular to a basket with handle The abscess cleared after
bronchoscoprc aspirat on and post ral drunge

(Fig 51) The shadow of the handle represents the half crcle of the
upper margin of the cavity The shadow of the baskets body represents
the pus m the cavity This basket shadow 1s very charactenistic of a pul
monary 1bscess Obviously 1ts localization requires at least anteroposterior
and lateral x r1y films (Figs 53-56)

The bronchologist takes part in the prophylas diagnosis and therapy
of an abscess

Prophylaxis Prevention was discussed in detaal in Chapter 7 on Pneu
monia The bronchologist may abort the development of an abscess by
abolishing atelectasts thus preventing the development or prolongatic
of pneumonta It 1s also self evident that accumulated secretion must |
aspirited from the bronch: after operations Parwnasal smusitis suppura
ing tonsillhitis and dental caries must also be treated

Diagnosis In most crses of abscess bronchoscopy 1s mdicated A diat
nosis based only on symptoms physical signs and laboratory and x ra
exammations 1s uncerttn and inadequate The bronchologist even n case
with the most charactenstic symptoms may find stenosts a foreign body
or tumor 1 the bronchus The symptoms and the bove menttoned ex
ammations do not yreld conclusive mformation about these lesions Ehl
bronchologist has not fimshed his work 1f mn the wisible bronchi he };!
found no other changes such as congestion which 1s always present m the
draining bronchus In these cases bronchography may yreld further 1
formation An accordion like shidow of a bronchus caused by aval com
pression may prove to be 4 cyst or 4 bemgn tumor truncation ofa lf)r;:l
chus or of several bronchi suggests a malignant tumor (Fig 96) 1
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abscess does not fill with simple bronchography ammed bronchogriphy 15
mdicated With this method the cavity usually cin be filled {Fig 55)

The configuration of the contrast shadow of a cavity may suggest i
portant conclusions In cases of pulmonary abscess the performance of
cytologic, general and tuberculous bacteniologic examimitions are neces
sary They may present surpr sing datr Accordimg to the bacteriologic
findings adequate antibiotics may be selccted Thus 1s espeainlly important
if a culture of pathogentc orgamsms tihen from the secretion 1s made A
pure culture may be etpected only from stenle asprated secretion ob
tamned through the bronchoscope A pure culture of pathogenic bacterra
1s an mportant diagnostic sign It proves the presence of fresh primary
abscess

When the shghtest suspicton of a mihignant tumor artses in a patient
over forty eg 1if the scess was preceded by atelectasis or pneamonit

Fic 55 X ray flms sInaing an abscess {n the posterior basal segment of the left

Jawer lobe of a thuty five year-old woman A Anters postenor B Lateral C D Two

years later the abscess cavity was hoed with ep tl chum but did not &1l when ro itine

bronchography was performed E F Aimed bronchograms showing the Targe cavity
bectomy was performed



d
Fic 56 Chest x ravs and bronchograms of a twenty three-vear old man who f2¢
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recurnng m the same location and no tumor tissue was noted m the bron
chial ontfice a suitable delicate instrument may be mserted into the depth
of the dramng bronchus to obtain tissue for histologic exunmnation This
procedure often results in an unexpected lustologic diagnosis The ques
tion of 2 “bhnd” biopsy will be discussed in Chapter 11, on Bronchial
Tumors

The foll g cse report d one example of a surpnising
result of this diagnostic procedure

Case T A twenty three year old male had an occasional hemoptysis from
1948 t0 1953 In 1953 the continued bleeding causcd severe anemtr and he
tecerved repeated blood transfusions A bronchogram was made on the left
(Fig %6C and D) and the apical segment of the left lower lobe did not All
(This was done at another hospital Regularly bronchography 1s never per
formed before bronchoscopy ) In June 1933 bronchoscopy was perlormed
and the left bronchus dischuged fresh blood With armed bronchography 1
small walnut sizzed cavity filled m the lower portion of the left apical segment
(Fig 56E and F) The patent coughed up thick contrast flurd Joduron B
(propyhedine} 1nd wath 1t 1 small (3 mm 1 dimeter) metil forergn body
{Tig 56G) Smce then hemoptysis his never returned Thrce months later
contral aimed branchagraphy showed the dispperrince of the thucess

A foreign body 1 the 1picil segment of the left lower lobe caused an
abiscess with severe hemoptysis for 5 years The abscess was revealed by
amed bronchography In this cse amed bronchography was not onlv a
correctly apphed digrostic procedure but also 2 ther ipeatic maneuver

Therapy Generally 1n carly ahscess 1s easily cured At first internal
medication 1s admimstered e g, hght dict plenty of vitamins symptomatic
lrmlment postural dramage blood f sulfonmides

or oth 1 perhaps @ vacome Antibiotics
and postural dmm'Age are the most import int theripres The cfect of anh
hitics 15 well hnown In postural drainage the patient 15 placed con
tnually if possible, m such a postuon that dramage from the bronchus 1s
mded by gravity the trachea sloping downward and toward the mouth
For example af the abscess 1 located 1 the night axillary subsegment
the patient should Lie on lus left side and the foot of his bed should be
elevated When the abseess 1s 1n the aprcal segment of a lower obe the
patient sheald be placed in a prone position with the foot of the bed
elesated In this position pus 1 continunlly dischirged ind the patients
condition usuilly improves withm 4 few days

bronchus) E F Anter posterior and Lsteril amed bronc! grams respectiveh staw
g a small walnut sized abscess n the apical segment of the it lower 1 be Tle
pitient chischarged with the contrast matenal a small metal foreign body 8 mov 1n
diimeter Ilemoptysis hus never return
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If 10 an mfant or a cluld there 15 no suspicion of a foreign body and
the patient improves rapidly with the above treatment, bronchoscopy can
be omutted However, bronchoscopy 1s andicated if no mproyement 1
observed within several days (Fig §4) Thus 1s equally true for adults
However, in older children and adults 1t 1s advisable to perform bronchos
copy even when there 1s improvement n the patient’s condrtion In this
way, repeated recursence of pneumonia or an abscess may be avouded.
It must be remembered that the patient will mprove under the above
treatment even though the etiologic factor of an abscess 1s located i the
supplying bronchus

Bronchoscopic treatment of an abscess i some cases begins with elim
nation of the cause In a great majonty of the cases an abscess caused by
a foreign body will be completely and rapidly cured with the removal of
the foreign body When no foreign body or other lesion, except the asse
ciated mucosl inflimmation, 1s found mn the bronchus, a flexible aspirat
ng tube may be mserted mnto the draming bronchus and the pus aspirated
By this aimed aspiration secretions may be extracted from the smaller
penipheral broncht as well as from those that deter evacuation of the
abscess After ench aspiration the proper antibtotics my be instilled into
the abscess through the suction tube The pitient 1s requested to breathe
deeply, this aspirates the antibiotic solution mto the cavity Five milh
liters of a solution containing 40 000 units of penscillin or 0 1 Gm of strepto
myem 15 ded These ) may be wsed simultaneously
Bronchoscopic treatments are usutlly repeated once or twice a weeh If
the aspirating tube enters the abscess cwity, the effect of the trmtmen‘;
will be more pronounced Penetration into the cavity my be acluevet
also with a Metras” citheter

Senial bronchoscopic treatment 1s acceptable only in cases of acute

Usunlly, b 1 pic tre 15 Dle for abscesses
of more than 8 weeks’ duration However, 1f bronchoscopic trc tmieat li
begun early and within a few weeks has not been successful, the FJ“;“:'
should be placed 1n the hands of a surgeon, who may then per "" oy
Monaldi drunage or pneumonotomy In chronie or epithel "’zelm o
scesses, depending on the extent of the abscess, the imolved segme

lobe may require resection (Fig 51)

on
Prior to such surgacal procedures the bronchologist miy {)cxfon:“llglf &
es
chnl aspiration and lavage to d h the 0 ':] i
this can debil: d patients be improved to P
med secreton

surgery Postopcratively, the bronchologst aspurates the rcml e
chmunates atelectisis or removes sutures extruded mto the amg

bronchus
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Summary

Pul abscess 15 Uy a ! discase Generally,
the lesion 15 Jocated 10 a segment, frequently it mscolves a total segment
Bemg an al and ! disease, pulb y abscess appears

typreally mn the aillarv (lateral) subsegments or in the posterior segment
of the upper Jobes and aprcal segment of the lower lobes, because secre
tions gravitate mto these segments when the patient 15 m the hteral or
dorsal recumbent posttrons, respectively

The bronchologist takes part in pmph) hm, dmgnom, and therapy A
pulmonary abscess develops most freq
Diagnosfs of a pulmenary abscess based onl) on sympmms. physmal
signs, laboratory and ¥ rav findmgs 1$ uncertain and madequate The
‘bronchologist, even i cases with the most characterishie symptoms and
signs of an abscess, may find a foreign body, tumor, or other stenosts 1
the suppl! bronchus Thetefore t b 1 md 1 1n almost
every L‘.‘ISE of pulmonary abscess

and bronchography may yield further -

tormation even if bronchoscopy shows only the typical mucosal con
gestion tn the draining bronchus A pure culture of pathogemc bacteria
mdicates a fresh, primary abscess, and bronchographv reveals the signs
of cyst or ) hial bemgn ar mal t tumor [n cases with un-
certatn diagnosis of an abscess, aimed bronchography is the proper method
by which the cavity usually can be revealed

Generally, an early abscess 1s easily cured wath proper therapy mclud
ing dhet, vitamins, postural dramage, blood transfusion, antibiohes, and
sometimes vaccine However, if no umprovement ts observed within &
few days, bronchoscopy 15 ndrcated for both d and therap
reasons Bronch 15 table for ab of more than
8 weehs” duration










F1c 57 Schemat ¢ drawing sl owing saccular bronc} fectasis in tl e wferior segment
of the hinguly and 1n the lower lobe

1t
Fic 58 Bronchograms of a twelve year ol 1 g 11 showing scattered cysts mc’:!netr" dl
lung The channels communicat ng with the bronchi are very narrow 5
bronchiectas s was the diagnosis
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some wnters © believe that a valyular action 1s present and state that dis
tention by air 18 ble for the devel nt of bronchrectasts (Fig
61) This conclusion 1s supported n ammal expenments by the fact that
bronchiectasis cin be produced by valvular ebstruction of a bronchus
Cough my be a factor i the expansne effect, but cough rtself does

Al
Fic 59 A forty siv year old man aspirited the mouth end of a eigirettc holder

t man
duning an epileptic sezure. A Arrow indicates where 1t lodgu]l !leuul":L:‘t\(” T
bronchus for 4 yenrs wnd obstructed the upper Db bronchos while the lovid | 2
Breathed throush the fumen of the holder Thus the upper lobe pressere
of the stagnaty
foreign body
m the upper o«
lobe M"ghpem this eaee was free from pressure and 1ho remuncd lr;t;:.:‘ ‘:“Ny wth
sts (B) Bronchogram m E was aumed because the hngila sem
normal bronchography C The removed foreign body
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o e ey
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Fic 61 A B Anteroposteror and hiteral bronchogeams respectively showing &
foreign body m the nght lower lobe bronchus (see arrows) and ‘bronchrectasis 1n
the lower lobe The foreign body ( piece of plum pit) was located 1n the nght lower
lobe bronchus above the basal branching € It caused bronchectasis in the intact
parenchyma of the apical segment of the lower Jobe probably by valvular action
D It also caused bronchuectasis in the basal segment surrounded by fbrotic tssues
because of occlusion Nesther routine x ray exammnations nor bronchoscopy detectes

the foreign body 1t was found 1 the surgical specimen

effect may be produced by certain chermcals or perhaps by dvsfunctions
of the ner\ous system Dilatation stself 15 increased by the expansive effect
of pus stagnating behind the stenosis and by occastonal valvular actions

Bronchiectasis occurs more frequently mn the lower lobes than m 128
mddle lobe and lingula and less frequently m the nght upper and the
Teft truncated lobes It may affect a whole lung a lobe ora segment On
one side 1t may occupy two lobes or several segments Its sumultaneous
appearance mn the left basal segments and 1n the hngula 1s frequent (Fig
57) Bilateral hronchiectasis also 1s frequently obsery ed

Purulent bronchiectasis 1s usually 2 disease of adulthood but with more
exact diagnostic methods 1t may frequently be observed m chldh

1t has been mentioned that m the majonty of cases bronchiectasts 1
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d by profuse but this 1s not a rule symptomless
bronchiectasis also exssts Yhen bronchial stenosis ceases to cust and
cavities become completcly evacuated i fortunate cases production of
pus stops Bronclrectisis m the nght upper and left truncated lobe 1s
favorable because pus can be contmually discharged and the infiimma
tion then tends to heal Some types of bronchiectasts may remam hidden
throughout an entire hietime and therefore cannot be considered as a real
dhscase The infected purulent bleeding bronchiectsts represents a real
disease 1¢ a severe disease On ths basis two ty pes of bronchrectasis mav
be connidered 2 symptomless form and a “broncluectatie disease

Signs and Symptoms In “bronchiectatic disease” the author does not
behieve that the differentration between a “dry” mitial wnd a “wet” later
peniod 1s correct Acqued bronchiectasis 1 the majontty of cases 1s a
sequet of bronchzal and pul When the cause of the
supparation (foreign body rupxured content of a lymph node or berugn
bmnchml tumor etc ) 15 ehmimated the bronchil cmattes evsiceate

also mav be exsiceited wath bronchual or lnage
Later et us say at the ime of the first so called “common cold  cvaties
will be newly infected and become “wet Thus symptoms of bron
chietass first ssmulate those of chronic bronchitis and during the progres
sive stages of the process conform with the symptoms of deformng
bronchitis later the “dry” and wet periods may alternate

Bronchsectasis without suppuration may also be a disense and often not
a harmless one Lances may be preseat in the thin walled “dy” cavitses
From these very severe bleedng may anse Repeated bleedings are more
frvquent and are mare d; ml cases than

hage n losis ar The most {requent and most
severe episodes of hemoptysis origmate from “dry™ broncliectasts of the
nght upper and Jeft truncated lobes

Many degrees of bronchiectatic suppuration evist The sputum may be
mucopurulent for a long period m scant quantities st may be more
definttely purulent in a moderate amount from 10 to 20 m! per day but
the secretion of so called “suppurative bronehiectasts contanmg several
large dilatations 1s white griyish yellowish or greensh thick and tenn
¢1ous sometunes fou] and putrd It may amount to a total of 500 ml daily
This sputum left m a ghss separates into the well known three hiyers
the upper Jayer foamy the muddle grayish yedlowish or greemsh and
shghtly transparent and the bottorn purulent debrs Sevcre mbected
bronchiectasss 1s recogmzable from the cough of the patient The pitient
brngs up voluminous amounts of sputum from luge casthies (septic
tanks) with a hollowssh sound

In the sast majonity of crses the brctersl cantent of the bronchiectatic
Pus 15 mived
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Feuver appears only when acute nflimmation 1s superimposed on the
<hronie bronchrectatic process In these cases other sizns of acute m
flammation are present, snereased sedumentation rate, meresed leuke
cytes, with a primary shift to the left, etc Agamma globulinemia 1s 25

ted with hugh ! of resp y tract disease wncluding bron
chiectasts, therefore every patient with broncliectasts should be examuned
for globuhn deficiency

A 2y signs of bronchuectasis i mulder cases are mdistinet, usually, only
a few bunchy or mottled densihies e be seen Sometimes, espectally
w cases of bronchectams surrounded with almast normal parenchyms,
bronchiectasts cannot be suspected evert on eximmation of the routme
¥ ray Blms thus negatine s ray findings do not evclude the preseace of
bronchicctasss (Fig 62) In pronounced cases xray symptoms are
furly charactenstic The bronchieetatic pulmenary tissues are generally
shrunken, and mside these tissues the cavities ave filled with air or pus

Thus by « ray exammation both the signs of shnnkage and the shadow
of the mvolved pulmonary tissue aze observed

The shrunken pulmonary tissue pulls the neighboring lobes, segments
or mediastinal organs toward stself It can be soted by fuoroscopic exam
nition or on flms by the disloc ton of one or another portion of the
mddle shadow, and m some cases by the dislocation of the ncar shadow
of the mterlobr fissure Dislocatiou of Jobes or segments 1s best ohsci\ﬂl
an bronct by disk of the Jmg bronch (Fig 63C)

The affected portion of Jung projects as a massie shadow or scattered
aerated spots according to the contents of the cavities, that 1s, accordms
to whether they are filled with air or pus The shadow 15 also masste
if thick arrless or eicatrient] tissue embraces the cavaties sn which c1:e
aerted cavities are mvisible As we have seen, broacinectases are gor
frequently caused by disease of a mjor bronchus and Jocated m the mmor
Broncht of the distal parenchyria (Figs 59, 60, and 63) Therelore, gen
crally, bronchicetatie disease of a pulmontwy umt (lang lobe, or sed
ment) must be anticipated and the shidow of the shrunken P“I‘““"tar;
tsstie will mvohe & lung lobe, or segment For the best esaluttion ‘;n
x ray films exposed n sagittal and frontal projections are naﬁ;ﬂf)k
atelectasis 1 the Jower lobes, e g, espeettlly 1 the left side, the shrun! md
fobe hides stself behund the heart shadow on anteraposterior films “’;"
15 vistble only on lateral films Cavities are demonstrable 1 plamgr l;':: "
many cases The shadosw of a cystse lung or portion of 1 Jung ts simd

‘ l';’ol::;e)fomb- 1 is d n i 1 with prophylacss
diagnasis, and therapy of the broncholowst

Prophylas One of the most important functions

L e e v b e semt it 1t was preswously stated that
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bronchiectasis 1s caused by stenosts and inflammation of a bronchus, which
produces mfammation 1n the distal broncht and pulmonnry parenchyma
However, chrome mflammation may also appear without stenasts, as dis
cussed m relation to chiome bronchitis and deforming bronchitis
Chapter 6 The bronchologst therefore, m cases of bronchiectasts or

Fic 62 A forty six vear o1 man with froquent respiratory infechions complicated
iy tunes by pneumonia whose ¢ ray showed only very shight density i the rc gion
of te nght middle lobe A B Normy) bronchorrams showed substantinl stenosis 1n
the onfice of the nght middle Jobe bronchus which wis Allcd enly for a short
dntince € D Aimed bronchograply revealed evtensine bronchuctasts i the
medi? segment of the anddle Jobe
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suspected bronchiectasis must think of inflammation in the upper respira
tory tract (nose paranasal sinuses tonsils nasopharynx) Paranasal sinus
tis may be seen 1n 50 per cent of the cases of bronchrectass of unexplamed
origin The effect of dust and chemicals must of course be considered too
It has been stated p ly that bronct may be p ted by the
cure of diseases of the upper respiratory organs and of chronic and de
forming bronchitis These treatments thus become prophylictic of bron
chiectasts

In bronchial stenosts no matter what 1ts eticlogy pulmonary suppura
tion (abscess pyosclerosis bronchiectasis) 1s certam to develop the
distal portion of the lung Almost every etiologic factor was noted m
Chapter 7 Each of these may cause bronchiectasts If the lesion can be
elimmated and with 1t the hial stenosis | } may be
prevented In Chapter 7 on Pneumonia we saw that atelectasis of an
nfant caused by mspiration of mecomum or vernix ¢seosa €an be elmt
nated The same can be done 1 atelectasis of young children caused by
thick secretion in pertussis measles or pneumoma 2 forergn body and
the content of a ruptured tuberculous lymph node can also be removed
intrabronchial benign tumors my be removed m time All these preventnne
measures can be and are bemg taken when the possibility of these causa
tive factors 1s kept xn mnd!

Bronchoscopy must be performed m patie
without any evident reason eg m persons who are not heavy smohers
1n pattents who suffer from chrome bronchitis hemoptyss of pulmonary

1 n cases of prolonged 1 orm t m
the same site and 1 cases with positive Holzknecht s sign If we are gomg

to reduce the number of cases of bronchiectasis which occur 18 gr(f'ﬂ!
b b the world must be performed far

nts who persistently cough

more frequently not only i adults but just as often 1n infants and chﬂadr;ﬂ,\s
Naturally certam p q must be established if such a proge: e

to be created These have nat been established 1 most countries
first difficulty 1s that the bronchologist whose basic specialty :‘5 Pl'::‘n
mology generally does not perform bronchoscopy 1n mfnts an@ ¥ fb
children and furthermore relatnely few laryngobronchologusts are ::
ficiently shilled and dare to perform bronchoscopy 10 mfints or )O:Jgg
ehildren The second difficulty 1s that many ped hase not rec
mzed the benefit of this prophylaxis
Near the great medm[:)l Ee:(el’s n the Umted States where ]t]he tx;)‘:s
q\ have been blished the occurrence of the bronchiet
appears to have been greatly reduced mn the last few years
Diagnosts The diagnostic work of a bronchologrst 15
portant as bronchoscopic prophylaxis The dragnostic wm'l;l "
mto two parts diagnosis of bronchiectasis wnd the search for

at least as 1m
may be dwided

a cause of



BRONCHIECTASIS LN

the bronchiectasis Narmng these two m this order 1s correct from the
diagnostre pont of view but from the bronchologists pownt of view 1t 1s
more appropriate to reverse the order because the bronchologist i most
cases first discovers the etwologic leston m the bronchus if 1t 1s present
and only after this does he m1ke a diagnosts of bronchiectisis This
procedure 1s natural because first the cause (foreign body temor etc )
appears 1n the bronchus and then nts (bronch ) be
yondt.

A few observations must be made on the detecuion of the cause of
bronch L performs bronel m cases with
svmptoms of Jong eusting cough atelectasis hemoptysis profuse expec
toration of pus positive Holzknechts sign and i cases of prolonged
or recurrent pneumonia opaque foreign body ete 1f he Bnds a thick
plug of secretion granulation tissue or cheesy debris bemgn or mahgnant
tumor foreign body cicatricial sterosts then he has diagnosed the primary
disease but the condition of the distal parenchymn 15 still unknown From
the quahty~thick creamhke tenacious perhaps putnd~and quantity of
the secrettion well based conclustons may be driwn regarding the cause
of the bronchiectasts However since a precise diagnosis of bronchiectasis
15 possible enly if the ectascs are shown on bronchograms bronchography
1s an mtegril part of the dagoosis Therefore this proced we 15 con
sulered very smportant and if the miolved or suspected portion of
lung 1 spite of careful aspration of sceretton remams empty or m
adequately filed on a stmple branchogrim then with amed bronchag
aphy a contrast matenal 1s tnjected nto the unfilled portion of the lung
to complete the diagnosis (Chap 4 Figs 59 62 and 67)

Sometimes the broncholomst does not see the etiologre change in the
bronehus but 1t still may be present somew here in the lung Azan it may
be there but perhaps in a plice that 15 musible fo the bronchologist or
s view may be ot 1 by excessue sup which prevents
the use of precise mstruments g telescopes I have abseried some cases
m whtch 2 foreign body that could not be detected bronchoscopreally was
found in the surgieal specimen {Fig 61)

Cases also eust in whteh the etiologic factors ¢ mnot be found because
they have already disapperred from the bronchus In these cases cheesy
debrss or moldered forergn body tught hive been expectorated after the
development of the sreversible bronchiectasts

Naturally the cause of bronchiectisis cannot be found or even guessed
W every simgle case The bronchologist m1y observe only the character
sstic and evcessie secretion congested mucosa thichened spurs and
stenosis cwused by the previous kestons It has been established ** that these
mucost! swellings and stenoses 1re not due onh to a simple chrome
wilammation but also frequently to extensise by pertrophy and dilatation
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of acim of the bronchial glands These changes may represent a special
form of chronic bronchiis It 1s more probable that the hypertrophy 15
caused by the intative effect of the mflammation and the dilatation by
the retamed secretion (Chap 6) It 1s also possible that these changes are
one of the etiologrc factors of deformuty of the bronchral wall and of nar
rowing of the bronchial lumens It cannot be ignored that this glandular
hypertrophy also predisp to the develop of L 1

Cases still exist in which bronchoscopy does not revenl the cause of
bronchiectasts, however, the number of these negattve cases 1s continually
lessening The work of a bronchologst 1s useful even 1n these negatne
cases With or without making the patient cough he observes the broachus
which discharges the secretion In this way he may localize the Jesion,
or at least he may obtam a good impression as to which portion of the
lung must be mapped by contrast flling for determmation or excluston
of bronchiectasis The chest surgeon needs this accurate localization be-
cause he wants to remove completely only the affected portion

The bronchol always sends which were aspirated under
sterile procedures for bacteriologic study, first, as a basis for a chnce
of antibiotic treatment, and, if the shghtest suspicion of tuberculosts
arnses then for a smear and culture

Therapy. In childhood after remosal of an obstructing plug bron
chiectisis may heal (Figs 63C and E) These healing processes may be
farorably assisted by broncimal aspiration and lavage with proper antt
botics

The bronchologst s work 1s less tmportant in the therapy of an already
developed 1rreversible b ) smce he 15 unable to cure lll:;
type of disease In these cases the condition of 4 patient may be 1mprov
by bronchial aspiration and lavage, sputum may lose 1ts odor, decrese
n amount or even ceasc, but sooner or later in almost every c1s¢, nlte:
therapy 15 discontmnued the symptoms recur Therefore, ths trealmen: :‘
used only if a case 15 unsmtable for surgery, for example, if the P“‘e“f
too debalitated or too old, if operation 1s contramdreated because o ;‘
cardiac condition or other severe symptomatic disease, or if the patient

refuses to accept operation
Bronct - thr;rapy Ily, must be compl d by llllcdﬂf“:]
| ¢ rar
nternal medication, good nutrition, rest, vitamins, aerosol postura.
e ortance In prepara

Bronchoscopic aspiration and lavage 1s of great imp e
tion for surgery Prior to operation the amount of secrchio o
kedly d I or abolished Thns treatment decreases the da

to the opposite side and thus

of suff and of mfe

reduces the nish m surgery ction
The surgeon remoyes the affected pulmonry parenchyma with rese




Fic 63 A fueyerrold boy aspirated the cutndie of & 6-mm bullet that wie
Ixged tn the nght stem bronchus for 3 weehs wnd 1n the lowcr fobx bronchus for
anther 2 weehs The curtndge was pushed down by answeceful bronchoscory
A B The middle 13be was occhuded and atelect e for 3 wecks and the lowr lobe for
3 weekt C Diforming bronchitis dcveloped m the maddle lohe and pronounced
bronchiectass developed i the lower lobe Duslocation of the nght upper fobar
branchings (€) demonsteates (arly the shrmkage of the muddle and Tower 1ibes
D The removed foreign body X ray s were tiken nd hronc orms made 1
Year after the foreign body was remoned E - Bronchograny showing absence of the
bronclfectasis and normil apperrancy of the bronchil tree
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of a lung lobe, or segment In ureverstble bronchectass, pulmonary
resection must be performed promptly even in a young child Surgen
should not be delayed until the resistance of a patient decreases or untl
cachexia ensues or amyloidosis threatens

The broncholagst also uses hus knowledge postoperatiely Duning the
first postoperatne hours or days, he aspirates accumulated secretions
from the airway of the patient who 1s unable to expectorate, thus remov
ng the threat of atelectasis or sulfocatwon Later, ke treats bronchial
fistulas which may occur or a consequent abscess Lastly, he may remose
sutures or ties extruded nto the Jumen of a resected bronchus, these rep
resent foreign bodies and cause suppuration, granulation, and sometimes
hemoptysts

Summary
Bronchiectasts may be hereditwy or congental, or acquired Some
decades ago physicians belreved that m most cases bronchectasis was
hereditary or congenital Today only the cystic Jung may be considered
of this onigin Acquired bronchiectasis may appear as pnmary and s
y Primary b 1 levelaps as a result of chronic
and deformmg bronchitis by weakenmg of the bronchial wall Some
wrters have concluded that mechantcal factors (iner pressure, salular
achion) also play a part Secondary acquired bronchrectasis 15 caused by

extral lual shnnking
Bronch may be less or a severe disease In its course

“dry and “wet” pertods may alternate The most frequent and sover
epusodes of hemoptysis onginte from “dry  bronchsectasis of the ught
upper and left truncated (upper division) lobes, because varices are often
present o the thin walled dry cavities
By x-ray examinations the signs of shrnkage an
1mvahed pulmonary tissues are observed The bronchtectaty
broncl

d the shadow of the
¢ cavibies €an

! o
be seen mn p and more p Iy m or m cases
“dead tree effect” in aimed bronchograms

Bronel must be dered from the followinyg symp
1s not abways charat

1 Long persisting cough The amount of sputum
teristic Howeter, i most cases 1t 15 voluminous, especsa
mg since it accumulates dunng the mght : -

2 A dagnosis can almost certunly be made if pus 1s bmugflt vpl »
large amounts with strong coughing and with a hotlow sound mmae
patient s Jung In these cases bronchuectatie disease is extenst ¢ and scveres
the patient 1s often dyspneic

3 Bronchiectasis must be
or without purulent expectoration
4 The aé’me svmntSms are supported by ¢avernous or massine xray

fly n the mort

Jered m cases of seyere hemoptysis with




BRON\CHIECTASIS 145

shadows mdicating a shnnhing process and evtending to a lung lobe or
segment

5 Inmore severe cases the patient may have clubbing of the fingers

6 Fever ! rate high leukocyte count shift
to the left of the blood picture all indicate an acute mflammation and
aggravation of the chronic disease

Bronchiectasts may be prevented by cunng disewes of the upper
respiratory organs or by cunng chronic or deforming bronchitis If pul
monary suppuration and with 1t bronchil stenosis can be elimmated
bronchicetasis may be prevented Atelectasis of infants and young children
can be ehmmated and other preventive mensures can be taken If the
great number of eases of bronchiectasis now oceurrmg throughout the
world 1s to be reduced bronchoscopy will hase to be used far more ex
tensnvely than 1t s

The dizgnostic work of a bronchologist extends to the demonstration of
and the search for a cause of the bronchiectasis Demonstration refers
to the bronchoscopie routme t 1 phic and aimed bronch t
signs Cause of a bronclnectasis may he found m nasal or pharvngeal dis
orders and/or 1 chronic and deforming bronchitis or any hnd of bron
chial stenosis However a fow cases still remaim i which the broncholo
@it 1s unable ta reveal the cause of bronchiectasis

The bronchologist cannot cure an already developed bronchiectasis
Generally hus therapy may be successf il only 1 cluldren However in
eases ble for surgery © 1 and lavage with
Pproper antibiotics may improve the condiion of the ptient







Pulmonary Tuberculosis

and Mycosis

TUBERCULOSIS

Before 1930 bronchoscopy was performed only sporadically on panents
with pull \; ! Phthisiol the opmion that
bronchoscopy did harm to the pulmonary process thercfore they were
afraid of the procedure nd would not agree to use it for eximination
After 1930 fmprovement m bronchoscopic techmque brought about altera
tions m this field as well as others Phthistol levmed that L t
copy 15 1 harmless procedure m the hands of wn expenenced endoscoptst
evenn tuberculous patients and that its adsantages are much greater than
1ts hazards They re ilized soon that recognition of a tuberculous tracht s
or! ronchutis was very rmportant m the therapy of pulmonary tuberculoss
Bronclual tuberculosts is recogniable only bronchoscopically

At the beanning of this prrod tuberculous lesions of the bronch were
genenally treated through bronchoscopy Since the discovery of effectine

ik and other ¢k Nerapeutic agents such as streptomycin PAS
(para aminosalicyhie 1ed) INH (1somazd) bronchoscopre therapy his
Tost much of ats but 1t 15 shil worthwhil

Thus while the impart ince of bronchoscopic therapy his decreased its
dugnostic value continues to merease \ ery significant principles on the
reliton of pulmonary tuberculosis to bronchial tubcreulosis have been
stited as follows

! Lesions of the pulmonwy parenchym affect the mucosa of the
draming bronchus

2 The chracter of a lesion of the bronclnal mucost 1s simalar to that
 the lung

3 The primary lesions (m the parenchym or lymph nodes) extend
contimunty ta the bronchus and ma rc ch 1 visible portion of the urway

4 Bronchial Jesians signalize improvement or asgrnation of the pul
moniry leson with sumlar types of chinges
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5 Therefore, m certam cases, the character or course of the pulmonary
disease may be stuched bronchoscopically

These principles represent examples of what has been wntten 1n the
foregoing chapters, namely, the bronchologist through s estigation of 2
bronchial lesion also may study the disease of the lung Naturally, this
does not mean that the bronchologist 1s able to evaluate i every case
the type of pulmonary disease, but 1t does mean that if he observes a
specific lesion 1n a bronchus, from this he may evaluate the character
seventy, location, improvement, or aggravation of the disease of the pul
monary parenchyma

Innumerable wniters collected tnd: for bronchoscopy n cases of
pulmonary tuberculosis From these, two sets of indications have been
selected here m which mmnor alterations have been made The first col
lectton of indtcations ™ mforms the referrng phystcian on how to deade
n which cases he should request the help of a bronchologist According
to these principles, bronchoscopy 1s indicated m the follow ing instances

1 Recogmazable bronchral stenosis

2 Bilateral changes, for detcrmination of the side of the active process

3 Shrmking condensations

4 So called “healthy bacilli expectorators” for determunation of the
location of the lesion

5 Hemoptysis

6 Prior to pneumothorax if there 1s the shghtest suspicion of tuberculous
preumoma or bronchial stenosis

7 Prior to every permanent collipse therapy

In the second collection of indications the refernng physician Pff““:
his problem and specifies the aim of the hronchoscopy These dicat
are more useful to the bronchologist It has been previously
the bronchologist must know the problem of the refernng p
collection shows mdications from this pownt of view

stressed that
hysictan thts

1 8 of L hial yupture of tubercul horacte lymph
nodes

2 Suspicion of tuberculous bronchitis

3 Suspicion of bronchual stenosis

4 Hemoptysis

5 Obstruction therapy

6 Aspiration therapy

7 Examimation of secretion

8 Exammnation prior to pulmonary surgery

9 Other questions dis

be
The questions of bronchoscopy in pulmonary tuberculosis will

cussed m this order
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Ci d: to h n pul ! losis are a
severely debil d patient faryngeal tut mliey tu
berculosis and severe hemoptysis {Chaps 4 and 10)

Bronchual Rupture of Tuberculous Intrathorecic Lymph Nodes

QOlder handbooks and papers on pathology considered rupture of a
Iymph node mto a bronchus to be rare and 1 almost every case lethal
Untid the middie 1930s wrters overlooked the fact thit the mtruding
material may cause atelectasis or prcumonta the patient eventually ex
pectorated the granulation or caseous debrs or at autopsy the second ity
disease (p abscess ¢ + d the picture and
wspection of the broncht was neglected

Around 1919 the first mention appeared of particular extensne shad
ows due to pulmonary tubcreuloss which suddenly arose an a pnl
monary umt and then with the same rapidity disappeared Only after
1930 was st realized that these shadows represented atelectases which
were caused by compression or rupture of the contents of enlarged tn
bereulous Iymph nodes

By 1930 pathologe x ray and bronchoscopic mvestigations reve led
that the rupture of lymph nodes mto the bronchial lumens ocenrs more
frequently than was formerly belitved Prmary tuberculosss m most
countnes and 1 the muyonty of cases ppears in nfancy and ¢mldhood
therefore rupture of tuberewtous lymph nodes may be observed clnefly
at these age leve’s It muy infrequently appear alse m the adult if the
patient acquires pulmonry tuberculosis only i fus aduithood The ex

tremely rare prmary tuberculous bronclutss (1F 1t exists at «ll) muy be
mstaken for ths lesion

Generally lymph nodes of the ungs are 1 sted on th outer bronehial
wall A caseous lymph node first rows upon the wall then destroys the
carilaginous layer protrudes into the mucosa nartows ar obstruets the
bronchind tumen and fhstly wirudes thraugh the mucosa and empties its
content or a part of 1t mto the bronchus Accordmy, to (l‘\e contents grany

Rupture of cascous lvmph nodes obsenned bronchascopically follo s
the Brst symptoms (st fever orthem nodosum} of a priminy puf
monary tubcrculoss After 4 to 6 months w the werage case fnanfane
this period my be shorter hecaust «f weak resstined stnee tberoylnggy
at this age 13 sumilar to an wate contagous diseast 1 215 vapid ong ¢ The
autl or phscrs od rupture of 1 tuherculo 15 ymph nody di (0 acgur g py
monary thberenlouts 1 an nfint of 6 weeks (o 6%) Becenthy Mptures



Fic 64 A Bronchual ruptuto of a tuberclous lymph node cansed atelect s of e
left lung of a four ycrold boy By bronchoscopy 2 rubberbhe chicy deln
7 by 9 by 18 mm (C) was remored from the left mam bronchus B The stuate
24 hours later

teluctasis 1
Fic 65 A R Twnnchal it 1o of a tubercolous lymph node cansed ateledtastt T

the ng
tissue
D E
150
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Fic 63 A B Bronchial rupture of tnbereulius hnph nodes st canced atedectass
10 the mtt lower lobe then saleular erophysera i the nztt upper and i tdk
kbes and alo priumotharee (C D) in a nine month-at? ufnt The atelectatn

wer b v seprated from the disphtagm by the prosmothueny () Note the
vahular emphyeema stekutasis sod pacumothore with the dwbieat nof the
edst o andt § wart m oae Ben D) The wsct b aws brochasapicttl rem el
thetay debns

wete ohserved simultancously with erythema nodosum shuch raised 4
qlucx(mn s to whether these nodes retlh belong to the first stage of the
dise ase 7t

Signs and Symptoms The svinptoms of rupture of 2 hmph node are

‘l, Paravysmal soporous or hitonil cough

2 In case of stenosss of the trichea ot « mygor branehms the patient may
be dyspaere

3 Simultancousty wth the rupture the respiration 1 strdorous

4 Changes w tempersture m the blood picture m the st dimentabon
rate miy be observed only in eases of purnlent mfection {puesmen Y or
tubceeulnus dispersion to the pulmenan parenchyma

3 By vy evaminatons sumple steaasis (Fig 111 valvad i emphisacms
tigs 13-17 66 wnd 69) wnd atelectasis tovolng 2 segment lobe or
tong (Figs 63-B7 and 69-76) my be observed Naturdly m cases of
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. 4
Fic 67 Calc fed tuberculous lymph node ruptured nto the nght m ddle lobe
broncl us of a t venty e ght year old man and caused bronci cctas s m the mddle
lobe (B and E) A The calc fied content of tl e lymph node (see arrow) C After
bronchoscop ¢ remo al of the content only fragments (D) rema ned (see amo v}

.

bronchial rupture ¥ ray signs may be absent 1t depends on the degree
and location of the stenosts

Generally rupture of a tuberculous lymph node serves as a heal ng
process by the elmmation of tuberculous ciseous matensal from the or
gamism At the time of the rupture the general condition of a chuld usually
15 good often the child appears completely healthy

Upon observing the above symptoms after excluding the presence of a
tuberculous infection (by negatne react on to tuberculn test) a forergn

body must be cons dered first of all .
Therapy Improved bronchoscapictechnique extended routine bronchos
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copy 0 nfants and children with primary tuberenlosis Tod iy bronchos
copy 15 apphied 1 these cases as a harmless procedure for diagnostic and
therapeutic purposes from earhest mnfancy

In primary tuberculosss, proved stenosis indicates bronchoscopy These
indications are simple stenosis with Holzhnecht's sign, exentually with
stridor or dyspnea severe dyspnea aself, vahular cmphysema {Figs 13-
17, 66, 1nd 68), and atelectasss (Figs 84-67 and 69-76) Bronchoscopy
should be performed n cases of exerted, sonorous, bitonal cough when
rupture m the tussigeme zone near the canna tracheac 1s suspected Sud
den onset of a stitus asthmaticus 1n a tubereulous eluld also mdicates
bronchoscopy 3t may be due to bronchia] rupture Rupture must be pa-
heularly considered if the asthmatic state 1s not mfuenced by the usaal
medication

The primary tuberculous changes may leme behind bronchrectasts,
lymph nede cavities, or specific bronchitis at the plwe of perforation
These are the so-called ‘postprimary * changes, wlich scem to be wnde-
pendent of the pulmonary process In these cases the patient heeps cough
g shghtly, x rays are negative, but sputum 1s pasitive These patients are
the so-called “healthy bacill: expectorators” Bronchoscopy may revead
the source of the discharge of baelli However »f 1t does not, bacteriologic
exampabion of secretion aspuated separately from each lung may lead
closer to the lesson For example, after this information 15 obtamed thin
walled Indden eavaties may be demonstrated on anteropostenor or lateril
plamgrams taken i the proper projection

In some selected cases caseous lymph nodes may be removed by externl

surgery

teriar
r-old el showing epitubercul nus an the ant

g.ml ruptare pto the antert)r segmental
he distinct and sharp order 12 the
the intersegmental sephim

Fir 69 Chest x riys of a seven yen
scgment of the nght lunz due to bronch
bronchus A Lateral B_Anterapostenor Note ¢
wterlobar {honzontal) fissure and indutinet border
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Fic "0 Xriys of a oneand 1 half year ol | boy shosing cpitt berculosis m the
Iy suh cgment of ] e rubt upper lohe die to Lronchinl rupture of a tul treulous
bomph node A Latenil B Anteraposterior

Fic 71 N\ rays of a four vewr (11 mrl showing a shruken Iiteral segment of te
nglt mddle e die to fibrows caused by epit herculoss A Lateral B Antero-
pwicnior N te the distinct and st aep horder dn th e anterdob w fissures and mdistinet
berder m the mtcrsegmental scptum

Tuberculous Bronchihs

‘The term fuberculous Lronclits refers to specific lIesions of the bronchual
mucosa and the underlymg bronchial wall

Tuberculous disexse of the bronchus was known even before the dis
covery of the tabercle biatlus but sts importince hias been recognized
onh 1n the lst two decades

Tubcreulous dise 1s¢ of the pulmonany pircnely ma in almost every casc
extends to minor broncht of the affected et and to the nearest drunmg
bronchus The bronchologist obsers cs only lesions of the bronchoscopically



a

Fic 72 Xray films showing the shadow of the medial segment of the night mddl
fobe of a four yer ofd boy due to emtuberculons A Later1l B Anteroposterior

Fic 73 X rays of 2 six year old boy showing epituberculasis 1 the aprcal segrne;!
of the nght lower lobe due to bronchitl rupture of a tuberculous hmph node
Lateral B Anteropostertor

¢ e et
Fic 74 T
lung of
veloped
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Fic ™5 X rav flm and plan gram show mas ¢ st adow of the truacated lobe of the

feft ¥ rg of a thirteen year ot} boy die to eptabereulnus A Antetopostenor B
Lateral

sisble broncls thus he finds tuberculons bronchatis only m a contan
percentace of patents suffenng from pulmonary tubereulosss Its modence
has been 1anausly stated as between 7 per cent and 28 per cent The rate
15 actually more ikely to be closer ta the lower figure 1nd roughly 10 per
cent ts an acceprable figure

Three types of tuberculous bronchitis ire found Lxudate caseous ul
ceratene and productine Varit ons of alf Hhixee are koown

Tarenchymal infection extends to the bronchil wall from the paten
<hyma mostly throueh the draming bronchus upon the surface from
fymph nodes through the bronchial wall and by lr.mxpurmmn thmugh
Iymph sessels under the mrensa Heny
15 101y rate

tnflammation of the bronchnt mucosy frequentls 15 noaspeetfic This
wiimmation 1s often difficult to differentinte from the tuberentous tope

The most sihient symptoms of tubereulows of the trachea nd myor
broncht are exated spasmodie congh 1n Bthmatmd state or alternately
sesere dysprex ceepation md stndor audible mear the patient and
sputum sometanes blood streaked (Fig 77)

Every type of tuberculous Eronchutis 15 curable wath the usual medica

tion for tut 4 such as an para heylie aod
{PAS) and womzsd (INIE) anldpphm(musofsxh(‘rnltralenmll:uhc
acid solutions and okc 3y 150 autof-date proced hing
of the area with ep 15 ad

l.mgr misses of
grinuittion tysue should be remoted and the area triated with electro

tiutery Remosed tissues shonld be eximined hustologeally in every case
Such an examimation 1 very importint beeause a tuberculous patent may
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€ "6 Xrays slow g atelectasis n tle Ingula due to compress on of tl e Togular
onchus caused by tuberculous lympl nodes A Anterojo teror B Lateral Mote
e Iymph nodes wl ol compressed tte I ng lar broncus m the planypram (C)

so have a bronchinl carcinoma Conversely a lesion appeanng grossly

be carcmomt may prove histologcally to be tuberculosis The biopsy
generally harmless only mn rare cases has bronchogeme dissemintion
curred Such mmor hazards 1n questionble e1ses must be accepted

berculous Bronchostenosis

In pulmonary tuberculosis cicatricial stenosis appears after heiling of
ecific bronchitis The tuberculous mflimmation causes destruction an i
er cicatrization and shrinkage n the bronelal wall particularly i the
bmucosa and fibrocartilaginous Iayer (Fig 78) The cicatnzation gea

~
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erally affects the mucosa, but usually 1t Tooks red, congested, and smaoth
without any scar tissue due to grenter destruction i the deeper layers In
some rare cases, rupture of lymph nodes also causes stenosis

Cicatnicial stenosts has been found in from 2 to 19 per cent of tuber
culous patients

e 77 Chest v rwys faded to rever) am lesion i tle hungs of a & urteen vear-old
i who eyextorsted 1ood streded sputum for montls A Antcropmtenor B
Lateral € D Bronchograms showmig ol struchion of the Literal and posteror sl
segmental hrenchi of the left tower lobe Brondinscopie bopsy proved tnbxreul s
Leonchutis: The lesion was treated with anbbiobics and cured
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f 11 ¢ Ingular
Fic 76 \ rays showing atelectasis m the hingula due to compression o

Fronchus caused by tuberenjous hmph nedes A Anteropostenor B L.\(ml(cr;utv
the tymph nodes which compressed the lingalut bronchus m ¢ plugram

also have 1 bronehial carcinoma Comversely, a lesion appeanng grossh
to be earanoma may prove stologically to be tuberenlosis The huopsy
1s generally harmless only m rare cases his bronchogeme dissemin \;mn
occurred Such mor hazards i questionble eses must be accepted

Tuberculous Bronchostenosis ;

o

In pulmonary tuberculonis cicatriennl stenosis appears fter he |lm§“d
spearfic bronchitis The tuberenlous mflumm ihon eawses destruction

Iter cicatnization and shrinlage 1n the bronehvl wall particularhy the
1 nd fibrocartl: layer (Fog 78) The aieatnzation gen




PULMONARY TUBERCULOSIS AND MYCOSIS 159

erally affects the mucosa but usually 1t looks red congested and smooth
without any scar tissue due to greter destruction mn the deeper layers In
some rare cses rupture of lymph nodes also causes stenosis

Cicatrictal stenosis his been found m from 2 to 19 per cent of tuber
culous patients

Fic "7 Chest x rays fuled to reveal wv les n i tle lungs of a fo rteen yer-ol 1
gl wlo expectonited blood streaked sput m for montls A Anteropostenor B
Lateral € D Broncl ograms s winy, obstruction of the lateral and postenor basal
segmental {roncl1 of the left lower lobe Bronel oscop ¢ biopsy pro ed tubereilo s
bronchts The lesion was treated with antibiotics and cured



158 CLINICAL APPLICATIONS OF BRONCHOLOGY

Fic 78 X rays showmg atelectasss in the Imgult duc to compressinn of the I ngulir
Lronchus causcd by tuberculous lvmph nodes A Antcropostenor B Lateral Note
the Iymph nodes which compressed tl e hngular bronchus m the plamgram (C)

lso htve a bronchinl ctremoma Consersely, 4 lesion apperng grossh
to be carcinoma may prove histologrcally to be tubcrculosis: The bropsy
15 generally harmless, only 1n rare cases has bronchogenic dissemunation
occurred Such minor hazards i questionable cases must be aceepted

Tuberculous Bronchostenosis
In pulmonary tuberculosis cicatricial stenosis appers ::lfcr heahing Olf
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ectasis berugn or malignant tumor abscess ete (Figs 56 77 and 83) In
tuberculous patients hemaptysis 1s chiefly caused by dissolving tissues
eg by afresh tuberculous cavity Ulcers or granulations of the bronchial
mucosa seldom bleed O ily perf of a tuberculous lymph
node causes hemoptysis

In hemoptysis the pneumologist ntermist general practityoner and
bronchologist are interested 1n the source of bleeding Blood discharged
from a bronchus leads to the source

Hemop does not d b 3\ on the contrary the
proper time to make the examnation 1s simultaneously with the hiemopty
s1s (Chap 4)

Weeks or months after Bleeding bas stopped the examination s not so
mformatine In cases of severe bleeding 1t 15 better to postpone bronchos
copy because the patient generally 15 1 a state of shock anesthesia 15
madequate and wspection 1s imparred (see Contrandications 1n Chap 4)
However even m these cases one should not wait until the bleeding com
pletely stops 1f the patients general condition and dimunution of the
bleeding allow bronchoscopy should be performed and the source of the
bleeding determined without delay 1f the examination 1 a bloodless
nterval has negative results 1t 15 best to perform another bronchoscopic
exammation when  emoptysis recurs To make another contros ersinl state
ment it also may happen that very dangerous biceding can be stopped
only by emergency bronchescopic tamponade

Blood clots may occlude the lumen of a major bronchus causing atelec
tasis It 13 urgent that these dlots be removed

Search for the source and the cause of hemoptysis 1s the duty of the
bronet ologast It must be continued by all the means at tus disposal until
success 15 achieved No proper therapy can eust without a determmation
of the source and cause It must not be forgotten that m a tuberculous
patient hemoptysis may be due to another disewse eg forexgn body
bronchiectasis ot tumor An example of the searching method of a bron
chologst 1s gnen in Chapter 8 Case 7 However 1t can happen that the
most amhitious search will end unsuceessfully

Obstruction Therapy

Numerous investigators have observed that a tuberculous cavity may
heal after obstruction of the draming bronchus The drainmg bronchus
1s frequently affected by tuberculous nflammation After its recorery
cicatnzation my obstruct its lumen the wall of the cavity becomes thin
air 15 absorbed and the cavity will slowly be transformed into cicatneial
tisste as tissue toward scar f
some calesficabon arses 1o the wall of the cavity This healing process may
be favored by degeneration of the aerobic mycobactena trapped I the
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Fie 78 Broncl ograms show ng se ere ecatric al stenos s of the left ma n bronl us
and occlus on of tl e Icft upper lobe bronchus d e to antecedent broncl1 1t berculo-
53 cured by antbotics A Anteropostenor B Lateral

Symptoms of bronchral stenosis are strdor simple stenosis wath Holz
knechts sign valvular emphysema or atelectasts (Chap 5) Sooner or
later broncliectisis anses n the distal parenchyma (Fig 79}

By using dilttation theripy on the scured stenosss the bronchologist
only causes harm because of repeated mjunes and consequently further
cicatrization The crentricral bronchial wall 1s more ngid than the eso
phageal one and thus 1s less swtable for dilatation therapy Reasonable
treatment of a cicatricial stenosis 1s resection of the stenosed portton of
the bronchus and anastomosts of the mvolved bronch By this method
distal parenchyma can be saved if 1t 1s mtact If stas not the distal por
tion has to be resected The bronchologist may dimumsh distal suppura
tion by aspiration of the stagnating pus but m only a few cases 1s he able
to stop exudation Retuned secretion s aspirated not only during every
] ) but also for theray reasons The improte
ment achieved by this treatment 1s 10 general only temporary Aspiration
and duminution of the pus 15 mmportant chuefly mn preparmg the pitent

for surgery

Hemoptysis
1t was mentioned eather that m the majonty of cases hemoptysis 15
not dve to pulmonary tuberclosis it onginates more often from broncht
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closed cavity In rare cases anterobie mixed orgwisms may impair heal
g of the cavity

On the basis of these experiences, bronchoscopic obstruction of the
druming bronchus w1s attempted as a means of healing the tuberculous
cwaty Experiments were done with electroc wtenzation and appheation
of 50 per cent silver nitrate solution, but 1 grossly healthy bronchus could
very seldom be obstructed or nurowed to such 1 degree that the tu
berculous cavity recovered Obstruction theripy 1s still i the state of
experimentation The author does not accept patients for this therapy
but it 1 mentioned here because of ats frequent appearance 1 the medical
Iiterature

Aspiration Therapy

Tuberculous csities that do not cellipse and recover with the usual
therapy (meluding p 1 and " } are well
known Two evident causes of this phenomenon exist valvular mflation
and ccatricial nigid wall In cases of nigad wall there 1s Litle hope of
benefit by aspiration therapy but the inflated cavities may be cured

In therpy of the pulmonnry abscess aspiration tre atment 1s a conven
tional procedure (Chap 8) This pattern has been applied in the theripy
of tuberculous pulmonary cavities The aim 15 to abohsh the  lvular ac
tion This can oceur with simple aspiration of the sceretion Tlns secretion
alone 1s able ta keep valvulir action i existence Aspiration therapy may
also eliminate the mucosal inflammation causing salvular obstruction

The bronchologist must be familiir with this trextment because pneu
mologusts frequently call for it Nevertheless the expected result will be
obtuned only in some fortunate cises

Txammation of Secretion

ly stenle of the & hial secretion and ats
bacterologic examination are very mportant procedures Sceretion must
always be obtamncd from the affected portion of the lung Tlus specimen
which 15 not diluted by secretions coming from other bronchi contains
mycobactena an the greatest tunable concentration

Through a bronchoscope secretion from the two lungs may be aspirited
separately This method can determine which side hns the active process

tte location and cond tion of the might upper Jobe (D and F) The bronchoscope. and
tl¢ special tube with a short nLlt angle curve used for amed bronchography are
I arly scen in E- The amied bronchograms (D ind E) resealed that the first few
nillneters of the nght upper 1ole Trinchus were extremely narr wid bronchs of
e anter ur segment showed modtrate brondcctass the remaiming bronchy showed
sums of duforming bronch s Bronchicctisis was developing from deformung bron
chitis but the whole Ibe was still aerited Lt ectomy was performed



Fic 79 Tuberculous bronchts caused severe c catr cial ste oss about ¥ mm

dumeter of the 1 ght upper labe bronchus whch was diagansed ond cbsersed

bronchoscop cally for 2 years The pat ent refused surgical treatment at that fme

f tomn the farly old stenosts and the large amount of tl ck mucopurulent sectet ons
) i



Fic 80 A tuberculous civity m the pical segment of the nght lower kbe of a
thirty nine vewr-old woman was cured with antibiotics but aftcr about 8 months
cough and low grade forer returned Clest xrays (A and B) and plimgrams (C)
faled to demonstrate ¢ 101ty 10 tl € apical segment D Normal hronchogram shawing
dead tree effect mn this scgment E F With amcd broncl ography a walnut sized
vty flled in the apical scgment Scgmental rescction was e formed
Eama
163
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Naturally these exanunations do not produce absolutely accurite re
sults Secretions from the affected side may flow mto the other side The
discharge of bacilli 1s not continual therefore a negative finding 1s not
vald as evidence However these exammations usuafly reveal the real
situttion with a great degree of certamty

Lxamination Prior to Surgery

It 1s an tmperative rule for the thorteic surgeon to call for bronchoscopy
before every operation For eyample mn cicatricial stenosss he 1s obliged
to perform resection of the distal parenchyma mstead of thorcoplasty
In tuberculous bronchutis st 1s advisable ta cure the bronchial disease prior
ta operation because of the danger of the development of a bronchial
Bstula

Other Questions

The pneumologist and the genertl physician may ash other queshons
of the bronchologist For example they may ask whether there 1s a
tuberculous bronchitis or crcatricial stenosis 1 the dramng bronchus
of the cavity mndreating pneumothorax therapy or whether a tuberculous
bronchitis perpetuates a bronchral fistuly They may call for bronchoscopy
sf the tubereulaus ongin of a mven pulmeniry disease 1s questionable or
may request aimed bronck phy to d the p of a tuber
culous cavity (Fig 60) The pneumologist may call for a comparatne
examination of lus therapectic result and so on In the foregomg para
graphs only the most frequent requests 1 ave heen dhscussed

Complications
In a tut lous patient b causes shght elevation i tem
perature m 1bout 10 per cent of the cases With the patientn the hands of
a skalled bronchologist with good mtnual ability high fever or comphea
trans demanstrable by  ray extmmation may occur but usually they do
not 1n more than 0.5 per cent of the cases These complications e ob
served chiefly fter biopsy md in cases of cicatrictal stenons and tu
berculous bronch The rwe o) closely followmg bron
choscopy are m all probability caused by congestton of the injured mucosa
and consequent stagnation of secretion the distal parenchyma From

these 1 smaller p foct may anse

A1COSIS
Recently mterest 1 mycosis bas increased There arc two types t:i
mycotic infechion a primary ©r cegesaus wnfection entermy from oul
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million or more umts daily} or Aureomycin hydrochloride Terramycin
chlorwnphemcol INH 1n cases of actinomycosts odine (hempy with
desensitization 1 ¢1ses of aspergll and withd: 1 of and

steroids with admmstration of potasstum 10dide 1n cases of mucormycosts

Summary
In

1 1 1 1

patients 1 d where there 15

P of bronchial rupture of Iymph nodes
of tul losis b t of bronchual stenosts 1 cases of
hemoptysis for obstruction and aspiration theripy for eximmation of
secretion prior to surgery and n other conditions

Generally t hral rupture of a tut lous lymph node serves as a
healmg process by elimmnation of caseous matertal and appeiws with
relative frequency in mfants and young cluldren A ctseous lymph node
first grows upon the outer bronchial wall then destroys the cartilaginous
layer protrudes mto the mucosa narrows or obstructs the bronchial lumen
and lastly cmpnes 1ts content mto the bronchus

d bronchoscopic techmque has ded routine 3

to mfants and young children In primary tuberculosis every prmed
stenosts indicates bronchoscopy Bronchoscopy should be also performed
1 cases of excited sonorous bitonal cough and sudden onset of a status
asthmaticus

Bronchoscopy reveals tuberculous bronchitis an about 10 per cent of
patients with pulmonary tuberculosis This diseasc 1s curable with the
usual medication such as admimstration of streptomycin PAS or INH
Local wppheation of siher mitrate or Ictic 1cid and cautenzation are out
of date procedures In cases of granulation tissue removal and histologic
examination are very important

Cicatnical bronchial stenosis has been found 1n 2 to 19 per cent of tu

patients hoscopre dil causes more harm thin bene

Bt Surgery 15 the reasonable treatment

M 5 o 1.

may be

'
1

work 15 the duty of a broncl ologist

Numerous mvestigators have observed that a tuberculosis cavity may
heal after the obstruction of the drammg bronchus Bronchoscopic ob
struction may be d this th dure however 1s still
m the state of expenmentation

Bronchoscopic aspiration treatment of an inflated tuberculous pulmo
nary cavity may be successful The aim of this procedure 1s to abolish the
bronchial valvular action In some fortunate cases this"can oceurwth
simple aspiration of the secretion
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1 1 2

side, and a. Y, Or caused by common sipro
phytes in the patient
Pulmonary tnfections entenng from the outside most frequently are due
H ; T
to Histop stk T el ts, Coce dindes 1m
mitts, and Nocardia asteroides
The antibiotics by destruction of the mtestmal bactena mterfere with

synthesis of B vitamms and crete f: bl d for the prohfi
tion of otberwise harmless fungt These fungs attack, partrcularly, patients
debilitated by other discases ( L 1 diabetes, ete ) The
most frequently found pathog X fungy are Aspergilus
fumigatus, Actinomyces bous, and Rluzopus (pathogenic in mucormy-
cosls }

Signs and Symp In acate pul y & l symptons

resemble primary atypieal pnenmoniy Roentgenograms show often diffuse
mottled d Iy d throughout both lung Relds Enlirged
hilar lymph nodes are typicat

In blastomyceosts, many variatons of symptoms m1y be observed (pro-
ductive cough, loss of weight, moderate fever and leuhocytosis, high
sedumentation rate, chest pan) Bronchutis, tracheitss, and mihary pulmo-
nary mvolvement may also appear

In Loid. the primary pull y lesion 15 most commonly
asymptomatic In these cases the only diignostic value 1s the shm test
Frequent symptoms are sumiar to those in mffuenza (cough, fever, pun
sn chest, malase, rarely hemoptysis) Lesions scen on roentgenograms are
bronchopneumontc denstties, thim-walled eavities, hilar lymphadenopthy,
or small dense nodules

1In nocardioss the symptoms and physial and seentgen signs resemble
pulmonary suppuration

n aspergillosss, the usual symptoms are those of acute tracheobroachitis
In tovc forms, cough, fever, prostration, may be found In organizing

. 1o tubereul

farction, and mmtni m-

P P
In mucormycosts, p mfl
aston of the bronchtal wall with penctration mto the halar tissues, putma
nary artery, and vem may be found
Evogenous fungy demonstrated i sputuns serdy the dugnons Thes
presence i the oral cavity 1s considered pathogeme Fungi of the en-
dogenous group must be prored to be m secrction obtaned bron[’lascop;
tcally by sterile aspration Their presence i the sputum alone 15 pot yal
as eudence of their pathogemicity b wsed m cases of bisto-
Therapy. Symploman’c therapy alone xm‘)‘ e e

1 1s, 59

wliemane and
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Bionchial Tumors

Almost every pulmoniry tumor anses m a hmnclms Perlnps only
the alveolar cell carcmoma wm the pul
Bronchial tumors are divided into three groups benign mmors such as
granuloma neurofibroma lipoma papilloma osteoma hamartoma chon
droma angtoma borderline tumors such as adenomas of the solid type
(caremod) and glandulu type (cylindrom) and malignant tumors such
as carcinoma and sarcoma

Bemgn Tumors

Essentially benugn tumors are relatively rtre Among such tumors only
chondromas have a known tendency toward mabignant degeneratton An
endobronchial benign tumor can be removed bronchoscopically even
1f 1t 15 attached by a broad base With bronchoscopic saissors kmife or
snare 1t c1n be separated from the bronchia] wall Its removal 1s generally
not difficult (Figs 81-84) However angiomas located m the bronchial
wall indicate external surgery (Fig 85)

Borderline Tumors

The borderline tumors (the two types of adenoma) deserve a special
place among the | hial tumors The ad ity hehal mn ongin
The cells are cubordal and generally uniform with rare mitotre figures
This very slowly growing tumor never becomes necrotic m ats center as a
malignant tumor does even if its extent s estremely large

Two forms are differentiated the sohd type or carcinosd i which
type the cells entirely 6ll the space n the stroma (Tig 86A) and the
glandular type or cylndroma mn which the cells form one two or more
layers m adenomatous pattern (Fig 86B) The cylindroma 15 considered
by many wniters to be less bemgn than the cwremoid type

Before 1650 this tumor was found only aceidentally at autopsies and
because of ats charicter s seen on histo'ogic examination 1t was clas
sified as a carcmom or a0 adenoma that had undergone mahgnant de
generation and had in fact become a carcinoma Between 1852 and

169
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Sterile bronchoscopre aspiration of the bronchial secretion and its
bacteriologie exammation are very mmportant procedures In cases of
pulmonary tuberculosis this method may succeed m detecting which side
the active process is on

It 15 smperative to cll for bronchoscopy before every lung operation

Comphlications after bronchoscopy of a tuberculous patient are obsersed
in tbout 05 per cent of the cases cliefly in connection with biopsy
creatnenal stenosis and speerfic bronchitis

There are two types of mycohc pulmonary mfec(mns primary or ex
ogenous and dary or E are most
often due to Histopl I Bl (f hs Coc
ctdordes immutrs nd Nocardia ns!cmldcs Fung1 of the endngenous group
must be proved to be 1n the t
1cally by stenle aspiration




Fic B2 X rays showing some srregulir densities in the riglt upper Dbbe region of
a forty five-year-old man who was for several months moderately dyspnac A
Anteropasterior B Lateral C Bronchoscopy and hronchography showed a roundish
smooth timor 1n the niglt mun bronchus the upper lobe | fonchus was obstructed
D The ovafl tuminr I fv 18 by 29 mm was removed bronchoscopieally fstologic
euminabon showed Fbrolipoma E No bronchsectasis developed 1 the distal
puenchyma
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Fic 81 Xrays showmng atelectasis of the nght upper lobe of a tventy montl -old
bay A Lateral B Anteropostenor This [esion was considered to be ep tuberculos
and was treated with streptomyam and INH Reaction to t berculn test w U
1 100000 solution was pastive C By bronchoscopy a pedunct lated timor 6 by 6
by 9 mm wns temoved from the 1pper lobe bronchus wl ere 1t had partally pro
truded mto the man bronchus The stomking upper lobe cxpwnded w thn two
montl s D agnous based on 1istologic exammat on of tle tumor was nonspeafic
granulom

1930 pathol T d 1ts b and sepirated 1t from the
carcinomts After 1930 thry tumor was known ta be bemgn 1t was also
d end lly and d through the bronchoscope After

1940 sewrchers detected that the adenoma frequently penetrated through
the bronchial wall Therefore surgeons too e concerned with 1ts treat
ment tumors are removed by external operition as well as through the
bronchoscope

The of the bemgmity or mal, y of the
unsettled Some writers consider them definitely bemgn some acknowl
edge that during 1ts long period of growth the adenoma may undergo
mahgnant degeneration others beheve 1t 1s actually or potentially mahg
nant (Fig 87)

1t 15 generally believed that the adenomas are dernved from the ept
thelmm of acim or efferent ducts of the bronchial glands or basal cells
of the bronchial mucosa If the tumor ongmnates from glands lying mside
the eartilages 1t grows endobronchually (Figs 87-89) f the mvohed
glands are located m the wall among the cartilages the tumor grows
mtramurdly (Fig 92B) and lastly if the adenoma starts to grow ont
side the carhlages where glands also eust (Chap 1) only 1ts smallest
portion emerges mto the bronchil lumen above the surfice and the
larger portion extends mto the pulmonary parenchymr This Intter 1s called
the “iceberg type” of aderoma (Figs 90 and 91)

Bronchial adenomas occur m 5 per cent of all cases of bronchial tumor

d 15 shll
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NmAL Pertop In the very beginning symptoms are absent Later they
are related to the endobronchial grow th of the tumor The irrrtating effect
of the tumor may cause coughing attacks which are sometimes asthma-
tord Adenomas often bleed from a network of blood vessels located on
the surface This bleeding differs from the carcmomatous hemoptysts
In carcinom the sputum 1s blood streaked or bke raspberry jam (micro
bemoptysis), the adenoma type 1s repeated profuse, and sometimes
penlous In females hemoptysis often appetrs at the time of the menses
or i the premenstrual pertod The stenosed lumen may result 1 exertional
dyspnea and stridor but 1n ths period the condition of the patient 1s still
good, and the blood picture and sedimentation rate are normal

PERIOD OF STVERT BRONCIIOSTENOSIS OR TEMPORARY oCCLUSION In this
period valvular emphy semas, recurrent atelectasis, pneumonias or pleuro
poeumonias are observed Bronchiectasis may develop m this period also

TERIOD OI' PERVIANENT OCCLUSION W ITIY SUPPURATIVE COMPLICATIONS In
this peniod bronchiectasts, abscesses, gangrene, and empyemas are ob-
served

Some authors * speak directly of the “adenoma syndrome ™ This syn
drome 1 represented by sumultaneous bronchostenasts and hemopty sis
young indduals Long duration of the symptoms 1s very characteristic
It may last from 30 to 40 years Therefore adenoma must be considered
m every case of prolonged pulmonary suppuration

Diagnosis X-ray symptoms of adenoma are not characteristic They are
simalar to that of other types of bronchial stenosts These symptoms are
gwven n detait in the discussion of pathological respiratory mechanisms
mn Chapter 3 The shadow of the growth 1s prctured on phmgrams and
bronchograms, sometimes penctration of the tumor into the pulmonary

Fic 84 A Anteropostenor x ray showing a round tumor m the sight chest cavity at
{‘he dlap}\i‘xma‘lm lesel There was no sign of any lesion in the left chest caaty

tamor with & somewbat segular
ant was remaved bronchoscapically
or an the right side was treated by



Fic 83 A Anteropostenor x ray showing atelectasis 1n the left 1ing of an eight
yer old g f who was treated for years for liyngeal papilloma Pap lloma wath the
same structure obstracted the left matn bronchus E Tiis was vemoved brnm{l‘o
scopically X ray (B) and bronchograms (C and D) taken 5 days after broncho-
scopie removal of the tumor demonstrate sicerlar bronchectasts in tle left Jung

Preumonectomy was perform

and 75 per cent of bensgn tumors are adenomis Any general practitoner
may encounter this type of tumor il
They occur at every 1ge having been obsened 1n three year-old clu
dren as well as w patients over sity However they occur more fre
quently between the tges of twenty and thirty The most common l:cﬂ
tion 15 1 the major bronch: {mam and lobar bronchr) and n the trac caf
they appear less frequently m a segmental bronchus or i the peniphery ol

the lung
Three penods are differentiated in the chimical course of the bronchut

adenoma
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Fic 86 Microphotograp! s of (A) 1s0hd or el tvpe of | ronchnil \denomy and
(B) a glandulr or cyhndsoma type

Fic 87 Right pneumonectomv was performed sn a case of bronchial adenoma in
a tlurty seven ycar old man A The pedunculited tumor of the stem bronchus (sce
amow ¢} brim, stem bronchus brim muddle lobe bronchus and brlr lower
lube bronchus B The tumor attiched to the bronclual wall by 2 narrow base The
tumor indicated bronchioscope surgery But n spite of the protest of tl e brong hologist

e surgeon performed prcwmonectomy  besuse adenoma has been considered by
Prommcent writers to be actually or potentially mabgnwt  Tle misunderstnding
of the ntention of these writers resulted m unnccessary disibility due to lass of a
while Tung
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parenchyma muy also be demonstrated on plamgrams (Figs 90 and 93]
However, none of these proves the diagnoss of adenoma
Bronchoscopy 1s the most essential diignostic procedure Actually only
bronchoscopy renders ehmeal recogmtion of an adenoma possible The
bronchologist m the majonity of cases recogmzes the adenom from the
bronchoscopic appearance alone Its general appearance 1s polypoid
resembling a roundish tumor with scntered branching superficial vessob
Its surface 15 usually smooth, sometimes slightly uneven, bumpy, and 1

b + Lhree yoars
oncl oscopy
wchus of the
by A Vuth
al lronchns
f the severe

anal segment
|0m;‘a"v r‘:h"
o arturics
subregmental bronchus was seen to be stenosed auu sutly v = d
artenoma was diagnoses



BRO\CHIAL TUMORS 177

histologically to duffer wathin the same tumor Therefore, a large spectmen
or, if possible the whole endobronchial tumor must be removed for
Tustol 1 Y

of 1s pnmanly due
tatho fanbahat 6 1 Slamm 2w 1 poe A '~ ROV

I . o o . '
Lo T ) T
ustologic findings do not comecide with the climcal picture or for other
reasons are uncertain the biopsy must be repeated, perhaps many times
As was mentioned among the symptoms the adenoma may bleed pro
fusely therefore preparation must be made for bronchoscopic hemostasis
even if biopsy only s to be performed
Therapy The followmg methods may be used for extirpiion of a
bronchial adenoma end: removal bronch b 1 resec
tion anastomosis and plastic repair and pulmonary resection (segmental
resection lobectomy pneumonectomy) From these methods the one
most suitable for a given case should be selected

8 X ray fims showed pneumon a m the posterior basal segment of the left
be of a forty six yeur-old min A Anteropostenor B Lateral Pneumonia

Fio &

Jower lof
Tecurred every month for 2 years (twenty four bmes) The list physican requested
bronchoscopy C A 10 by 12 by 22 mm tumor attached by an 8 mm pedicle to
the bronchia) wall was remased This was & agro e 1 hestologreally a5 & sol d (car
anod) type of adenoma Clest x ray taken 2 weeks after removal of the tumor
how ed some dens tres 1 the postertor basal segment This case represents a frighten

ing example of neglect of fad cations for bronchoscopy since the freq ently recur

:ng segmental prenmonia should have called attention to the possibility of bronchial
osis
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avllary
b i

Fic 88 Chest xrays of a siteen year-old girl showing atelectasis 1n the
subsegment of the left upper lobe A ateral
revealed a tumor mn the night man bronchus and a small prece of tumor tissue was
temoved for listologic examination carcinoma was diagnosed Biopsy was repeat
twice with the same result then a consultation confirmed the former dingnosis and
pneumonectomy was advised The fnghtened mother brought the g for broncho-
scopic examination C D A 6 by 6 by 10 mm pedunculted tumor was remoyed
and dignosed as a bronchial adenoma by Iustologic evammation D Note the
thick capsule of the tumor composed of connective tssue the arrow pomnts to a
defect which could be the s te of the previous bopsy The thick capsule and the
small size of the removed biopsy specimen had resulted 1 the histologic eror The
comeidental atelectasis of the axillary subsegment later disippeare

rare mstances imtates a blackberry The color, depending on the vasculart
zatton 15 wlitish or yellowish pink very rarely red or even hlac

For d the bronch ally removed sp 1
essential Proper excision of the specimen 1s very important The capsule
of the adenoma 1s often thick, fibrous or edematous the forceps must bite
deeply 1nto 1t for valuable materil (Fags 88 and 90) The adenoma 15
scarcely recognizable from the few cells removed with the thick fibrous
capsule (Fig 88) Morcover, the structure of an adenoma may be seen




Fic 91 A shrmking atck ctatic process mn the night muddle and lower lobes was
die to a hazelngt sized adenomy which was removed by bronchoscopic surpery
frem the nght stem bronchus Bronchoscopic reexammation and fiteral (A) and
;\ntwoxl:wsmnnr {B) bronchsgrams showed broncliectaws in the nght mddle nd

oser lobes The caliber of the stem bronchns was normal Ragl t prewmonectomy was
petfamed nsterd of Diobectomy becwnse the healthy upper lube could not be
volated from the broncluectatic middle and lower lobes Tl e suraical speamen (C)
Proved to lie a tumor of the weberg tvpe  nd unsmtible for bronchoscopic surgery
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Fu e
Fio 90 Chost xays showng arcumsenbed shadow the saze of a mal. fit In ¢
postenor. B i:y lnlmnlncl wath the hilus and anterior mediastnum A Anfero-
han beonch ateral Bronchoscopy reveled a smooth reddish tamor mn the kit
w chus Pm('mdl‘ng from the upper lobe bronchus ample specimen of tissue
b +mn od sa bathe solid (carcnoid) type
demonstrate ohstruction
C The removed upper

mor hssue
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A case of bronclital adenoma unsmitible for endoscopic operatton and
cured with bronchl resection anastomosis and simultineous lobectomy
is demonstrated 1 Figure 93 Another case m which the 1adication for
evternal surgery was too radical 1s shown 1n Figure 87

The bronchologist 1n extcrnal operations assists the thoracic surgeon
1n many ways By loc\lizetion of the rdenoma and detcrmmation of its
relation to the neighbormg tissues he 15 helpful i the selcction of a sut
able surgical method He restores drunage of the distal Jung by remozval
of the endobronchinl portion of w 1ccberg type of adenoma he di
m aishes or often stops exudition In =il these ways he helps the surgeon
greatly Duning the actual operation aspiration of blood and secretion 15
often necessary Lastly the bronchologsst assists m the postoperative care
1 all cases noted i the foregoing partgraphs he may frequently be
called upon for postsurgery bronelnal aspiration

Malignant Bronchual Tumors

The sncrdence of pulmonary carcinom has mcresed greatly m the lst
two decades The majority of uthors concede that this merease 1s truly
marked and that the proved incre1se 1s due not Just to enrhier recognition
of the tumor or to the tmprovement of dusgnostic means Until the end of
the last century excellent pathologusts performed autopsies m many thou
sands of cases and found pulmonary circmom m only from 005 to 006
pex cent thus figure has nisen now to 1 per cent of all wtopsied cases
Or a percentage twenty times greater than some decades ago Pulmonary
carcnoma occurs now with a frequeney at least equal to that of stomach
mal gaancics and perhaps actually accurs more frequently

According to thewr location pulmonary cwemomas are diided mto

our groups  central o1 hilar cwrcioma—-tumor of mun and lobar
ronchi diate ¢ t of tertiry y or quin
tarybronchi peripheral careimoria—near the pleura and diffuse carcinoma

In gross appearance carcmnoma presents a shght transparent yellowish
white hard wrregular mass Its border 15 commonly not sharp but some
times on the cut s irface 1t appenrs as though 1t were encapsulated

Some decadts ago the Istologic arclutecture of the tumor was empha
stzed On this bisis a crrcinomn was diagnosed to be 4 scirrhous carer
noma caremom stmplex  medullasy curcimom adenocarcinomt et
In tecent years physicians have not been satssTed with such a dragnosis
because they are mterested m the degree of mlign ney of 1 tumor when
nsidering the question from a chintcal pomnt of view The degree of
mal gaancy cin be antlyzed from ats histologic structure 1 from the
Aifferentiation of the tumor cells Today according to this prmerple two
:‘!hss Beations are used In the first system bronchiil carcmomis are

vided mto three groups  plano~ellulw (squimous cell) carcmoma
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)l .15 -

Fic 92 Sections of the nglt stem bronchus showmg falure of bronchoscope
removal of bronchial adenomas A The entre endobronchial timor was semo ed
!mm 2 th sty five-year old woman no pathologic condition was found by e ther

pic or histolog ¢ in the bronchus or mside the cart hige but
m the perbroncl um a large 1sland of the tumor still eusted (se arrows) B In a
fifty seven year old female normal lumen of the bronchus was re tored by broncho
scopic surgery Bronchoscopie reexaminat on showed only an ulcerpus lesion with full
bronchial lumen Microscopic study revealed the rest of the tumor mtramurally (se
arrows) Further attempt at broncl oscop ¢ surgery was mad 1sable becatse of the
danger of bronch al perforaton In both e1ses lesons in the dstal pirenchym1
indieated extemal surgery (bilobectomy and pneumonectomy

Naturally an 1denoma must be radically extirpated but stenfice of
mtact functional prrenchyma 1s unnecessary (as 1s common m cases of
carcmnoma)

Many bronchologists belteve that even the sessile type of bronchial
adenomas (except cylndromas) are smtable for endoscopic extirpation
and m cases of repented recurrence senal bronchoscopic surgery 1s justi
fied On the other hand some chest surgeons thik that esery bronchial
adenoma should be treated with external surgery Certamly only an
entirely endobronchial adenom 1s remosable bronchoscopically A sessile
tumor may extend mto the deeper lay ers of the bronehial wall (Figs 91
92 and 93G and H) or mto the parenchyma (“iceberg type”) therefore
radical extirpation of the tumor cannot be proved (Figs 91 and 92) The
author believes that mdication for radical removal of an adenomn 15 ceT
tam only if 1t 15 pedunculated (Figs 87-89) If after secm”mg]y radical
extirp ttions an adenoma repeatedly recurs the iceberg type” of adenoma
must be considered s being present and the patient should be put in the
hands of a surgeon For removal of an adenomt bronchoscopy may be
repeated two or three tmes but senal bronchoscopic treatment 1s m;h
cated only 1n cases m which the patient 15 unsustable for surgesy (de
bilitated too old) ar if the pahent refuses external surgery In these
cases 1 contrast to basal cell carcmomas the serial remoral 1s not an
ause 1t does not «lter the histologic structure Failures of bron

error bee
1 1 d 1n Figures 91 and 92

removal are
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moy s the mam and stem bronchy (sce white sow} but the extrabroncluil

Sadow in connection with the intrabronchiat one {see black amow) snggest the
“ictberg tpe of sdenoma € Bronchogram shuwiag the tumor os 4 flling defect
{sec atvow ) Because of the suggestion of 1ceberg fype” of adenoma and the shrnk
Ing pmeess of the upper lobe surgical trettment {lobectamy bronchial zesection
aud wnastomons) was chosen (sce shetch F) Photograph of fesected bronch 11)
Kﬂﬂlfn (E) shows the tumor to he totally intrabroncheal but closer mnspection of

o boa B L. . e " .

N - . :
¢t naai and lower labes  mauths aftcr surgery the arrow. bonts ta the pow
tion of the anastomosis
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adenocarcinoma and round cell carcmoma Cells of the planocellular
carcinoma are more differentiated than those of the other groups cells of
denocarcinoma are less so wd cells of round cell carcinomn are the
least differentiated The stages of mncreasing mal gnancy of a tumor ocetr
1 this order

1 The planocellular eremoma grows relatively slower and less often
cses metistasis to the lymph nodes than the others 1s mclned to
necross and cavitation extends penbronclually and dimimshes the bron
chial movements and narrows the bronch al lumen sometimes having 2
craterous shape

2 The adenocarcinoma appears chiefly in a lobar or segmental bron
chus frequently produces a circumscribed mass i the pulmonary paren
chyma often ctuses metastases 1 the lymph nodes but rarely fives tie
bronchial wall Sometimes this tumor extends from the parenchyma mnto
2 bronchial lumen as a palypord mass

3 The majonty of the round cell carcinomas nse from a mam bron
chus nfiltrate tissues rapidly mvolve lymph nodes and mediastinal organs

(See capt on on facing page )



Fic 95 N\ rays showing atelectasss in the posterior segment of te npht upper ihe
dte 6 bronchial errnom1 A Anteroposternior B Literal

Fic 98 Amed bronel ogrims show amputation (see arrows) «f the two segmcntal
T renchi of the nght and fle lobe by branchn caremomi which cuned stelectsns n
Ui mddle obe A Antecopostenor B Lateral Tle bronchograms were mude
the suntng postion s the contrast fun Elled the bronchi of the medial brysal
sgment al o Tisue for histologic crammation was obtaned by bhind hiopsy
Pacumaaectomy was porfortned

>
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mn an eatly stage and readily fix and deform the bronchal walls Metastases
from the round-cell carctnoma to the bifurcational carmnal Iymph nodes
widen the tracheal carina, extension of the tumor in this area may be so
large as to obscure the onginal tumor in the bronchoscopic appearance

The second system 1s the standard one of Broders,” i which the
“lustologic grading” 1s based on the percentage of the differentiated and
undifferentrated cells 1n a tumor population In Grade 1 undifferentiated
cells are less than 25 per cent, 1n Grade I, between 23 and 50 per cent,
m Grade I11, between 50 and 75 per cent, and m Grade IV, above 75
per cent

Exammnation of surgical specrmens shows that tumor cells creep from
the visible tumor 1n 2 proumal direction upder the mucosa about 15 em
1 planocellular carctnoma, approuimately 2 cm m adenocarcinoma, and
even further m round-cell carcinoma It has also been proposed that a
specimen be taken for biopsy from the scemngly mtact mucosa, proumal
to the visible tumor Al these facts must be considered when the question
of operability 15 under discusston

The alveol e 1§ dered sey ly This tumor 1s rare
It s located n the persphery and s also called diffuse carcmoma or diffuse
I Y ad Tts d is 15 not casy, b ally 1t ss

wmwsthle It may be r 1 by cytolog

Metastasis of a carcinoma from other organs mto the Jung may be b
direct hematogenous spread, mdirect hematogenous spread through the
thosacte duct, and duectly from contiguous organs Biopsy or broneh: o
lavage m these cases 1s also important, because the Jocation of the pnmany
tumor (e g, carcinoma of the thyroid ghind, hypernephroma, chorion
epithelioma) may be detected from the characteristic Iustologie apperr-

anee

"win Fou

Fic 94 X rays showng atelectasts in the anterior segm

ent of the nght upper bbe

Anteropostenr © Phatogeaph showing

duc to bronchisl carcoma A Latersl B Auteroposter .

the resected upper Jobe with the tumor s
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Fr. 99 Chest x rays showing atelectass of the left upper Dbe of a sity vew old
man with collupee to the antenor mediast A Lateral B C An
feruposterior bronchogram shows normat hronclual tree at first impression but thor
ough examination completed by the lateral branchogram (D) proves the wpper lobe
bronchus to be obstructed by the bronchial cafcinoma This case elearly demonstrates
the need for onentatian 10 three dumensions {See alvo Fig 99C and D)

Signs and Symp Inthe t of & bronchial carca
Roma are very subtle However, for early duagnosis these subtleties
should be recogmzed They are cough, altenating in character, pain,
starting wath shght discomfort in the chest cavity and mcreasing until at
last 1t becomes very severe, hemoptysis, blond streahing microbemoptysts
Dyspnca and stndor signahize pronounced stenosis and hoarseness sug-
Rests myol t of one of the YTaryngeal nerves

The x rav app 15 extremely vamable As f I d
1 the foregomg paragraphs, ciromoma sath stenosis or occlusion of a
bronchus may cause atelectasts mvolving a lung a lobe or a segment
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Fic 97 Chest x rays showing atelectasis in the lateral basal segment of the nght
lower lobe due to bronclial carctnoma A Lateral B Anteroposterior

-

o

g
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f the nght lower
Fic 98 X rays showing atelectasts m the postenor bisal segment of

fole of a ﬁ[{y year old male due to a carcmoma m the segmental bkr:mhz“;m::‘
Latersl B Anterapostenor (From the collection of the Cheualier Jackson
Phaladelphsa )
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Fr
m
ton

99 Chest x rys sl owing atelectasts of the lft vpper 1 be of & sivty vear old
nw f“ collapse to the antcy or mediastinum A Lateral B Anteropostenor G An

Signs and Symp In the b of a bronchal carer
Toma are very subtle Ilowever for early diagnosis these subtleties
should be recogmized They are cough alternating mn character pam
starting with shght discomfort in the chest cavity and increasing unti] at
last 1t becomes very sesere hemoptysis blood streaking microhemopty sts
Dyspnea and stndor signalize pronounced stenosis and hoarseness sug
gests involvement of onc of the recurrent laryngeal nerves

e < ray app » ly vamable As frequentl a
1 the foregomg paragriphs carcmoma with stenosis or occlusion of 1
bronchus may cause atelectasis imolang a lung a lobe or a segment
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% <]

Fic 100 Chest x-ravs of a fifty-sit yetr-old min showing atelectasis m the postenor
;}ubieg'mexilt of the left upper lobe due to bronchual carcimoma A Anteroposterior
ateral

(Figs 94-102), and permanent or recurrent pulmonary nflimmation
which m the past have been mustaken for virus Ab:
anse from necrosis of the carcinomatous or pneumonic tissue The v-ray
shadows of all these changes are well known, but the shadows may be
confluent with that of the tumor itself, and, furthermore, the picture may
be varied also by sangumous exudative pleunttrs The x-ray shadow of the
border of the tumor 1s rather uneven, yet 1s rounded, in some cases, its
margin radiates Iike a polyp The x ray appearance of a carcinoma usually
15 not characteristic

i The e for d should be performed 1 the
following order (1) complete phy sical examnation, (2) fluoroscopy, (3)
laboratory examinations (the blood picture 1s generally normnl, sedimenta
tion rate accelerated, and anemi s secondary, in the sputum Afyco
bacterium tuberculosis and tumor cells should be searched for), (4) xray
films, 1n every case at least anteropostenior and lateral, must be taken
(Fig 96), and often obhque films or plamgrams as well, (5) bron
choscopy (biopsy, aspiration, or lavage), (6) bronchograms, (7) angso-
cardiogram, if necessary, (8) needle biopsy, and (9) evploratory tho-
racotomy 1If the first seven types of exammition fail to reveal a correct
dragnosts, the last two should be done

Tual

The of at I
monectomy and only i rare cases lobectomy The results of surgical

therapy are still disapy The most ful surgeons are able to
demonstrate 5-year survival in 20 per cent of the operativ ely treated
but m only 1 per cent of the diagnosed cises Only 4 to 17 per cent
dingnosed cases are operable The reason for these discouraging facts

at the present tune 15 pneu

cases,
of the
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s that the mterval 1s too long between the first symptoms and the
lingnosis According to the best statistics the average duration of this
period 15 almost a full year 4 months pass before 2 patient first visits his
ohysician 11/ months until the first x ray 1s made and then an average
of 41/ months before the correct diagnosis 15 established

The difficulty m of malignnt t hal tumors and the
hagnostic errors are frequent because the imtial symptoms of carcinoma
re very sumlr to those of less serious diseases e g sumple chrome bron
itis and the usual congh of smokers Pulmonary carcinomn also imtates
ther more severe diseases than chrome bronchbs sach as prolonged
pncumonta ak and pul y tub 1 and therefore the
hagnosis made from chntcal and x ray exammations ilone 15 very uncer
ain ‘The dagnosis ean be proved only by exact morphologic examimations
for which a specimen 1s obtamable by bronchoscopy excrsion of an ex
ernal lymph node needle biopsy or exploratory thoracotomy However
hese exammations are easily neglected by both the patient and the phy
ic1an In metastasis to 1n external lymph node the patient has no hope
of recovery needle biopsy mav seem dangerous to the patient and his
physiaan and thoracotomy 1s a relatively mijor operation Bronchoseopy
reveals the most accurate result with the least mconvemence and hazard

The bronchologist makes 2 diagnosis of bronchial carcinoma by direct
snd mdirect signs Fhe direct sign 15 the bronchoscopically visible tumor
the indirect signs re stenosed fived or deformed bronchi brondened o1
obliterated tracheal carina etc

The bronchologist can obtamm specimens for morphologic extmmation by
thiec methods spccimen for biopsy tiken from the visible tumor so-called

lFlc 101 Chest ¢ rays sl owing atelcctasis 11 1 ¢ antenor segment of the left tppcr
th due 10 bronclual carcrmoma 114 ity exght yerr-old min & Anteroposterior B
atera
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e
Fie 102 Clest xrays slowing ateectiss m tle Ingila d e to tro ol al o teell
cruemomt The specimen was obtamed for hi tolog ¢ exammat on by bl nd buopsv A
Anteroposter or B Lateral

blind biopsy nd aspiration of bronelial secretions for cytologic exim
mation

Borsy  The specimen should be removed 1n 1 pea or bean sized frig
ment (or even smller portions) in one piece From - piece of tissue per
haps 1 mm m diameter the criticd dirgnosis of 2 mailignant tumor and
the determmation of the degree of n alignancy e often hardly attamable
Taking a biopsy specimen from a visible tumor 1s an almost harmless

dure the Itant shght bleeding stops very soon 1

BLIND Brorsy When hronchoscopy shows no lesion in the bronchus of an
or segment but from the presence of lobar or segmental
1 of the L hus 18 mdicited the ocel iding tumor
should be suspected m a deeper bronchoscopically mvisible area of the
supplying bronchus In these cases foreeps may be “blindly” mserted mto
the bronchus to obtam 1 sp of the suspected tumor ™ By tlis
method 1n adequate specimen has often been obtuned for histologic ex
ammntion (Figs 96 and 102) Obviously blind biopsy must be 1very gen
tle manipulatton The mahignant tissue grisped by the forceps 15 easily
detached therefore this method of t1king a biopsy specimen 18 genenlly::
very easy procedure The bronchologist hnows the direction of the nc:\n‘sS
bronchial spur and bites parallel to this spur However if the forcfpn
grasp a bronchial spur and the bronchologist feels that he 1s pulling a
elastic resistant tissue the forceps are immediately opened and the tissue
released It has been learncd that this procedure 15 entirely harmless

cYToLoGIC EXAMINATION For cytologic examination secretion lSl aspt
rated 1f possible directly from the bronchus of the myolved parenchyma
If an ad amount of 15 not ok ble siline solution is ’m
jected mto the hus and p d or clots 1n the solu

mvohed lobe
A
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tion are then measured on a gliss sl de fixed 10 an ether aleohol mixture
and stamned with Papanicoltou's stam tumor cells are then searched for in
these preparations By this same method tumor cells may also be found
the sputum Material obtaned exther bronchoscopically or from sputum
must be smeared and fixed within 3 hours or the tumor cells will be de
stroyed

Bronchial carcinom can be diagnosed by these methods m from 75
to 80 per cent of the cases The most accurate results are obtuned by
listologic exammation of 1 specimen obtuned by hiopsy In the early
diagnosis of the bronchoscopiclly mnvisible tumar cytologic exammations
of bronchial secretion obtuned by aspiration or lwage are very im
portant Every tvarlable method must be used to improve the persistently
poor results i treatment of bronchnl circiomas

Summary

Bronchial tumors are divided nto three groups bemign  borderline
(adenoma) and milgnant Bemgn bronclual tumors we relatively rre
Their bronchoscopic removal 15 generilly not difficult Two types of
bronchial adenomas are diffcrentiated the solid or carcmoid and the
ghndular or cylindroma Adenom s oceur 1n 5 per cent of all cases of
bronchial tumors Some authors consider adenomas benign some achnowl
edge that they may undergo malienant degencration and others behete
that they are actually or potentially milignant An adenoma grows endo
bronchially mtramurally or nto the pulmoniry parenchyma The Jast
type 15 called the “iceberg type of adenoma

In the very begmming symptoms 1re absent Later the tumor cwses
smple bronchil stenosis followed by valvular emphysemu recurrent
atelectasss and pneumont from which 1 the last period abscess or
bronchiectasis develops Repeited protuse sometimes perilous liemopty
s15 15 the most pronounced sympton X1y signs e not charactenstic
Actually only bronchoseopy rendrs chmeal recognition of 1 adenoma
possible Bronchoscopic biopsy 1s essential for accurate diagnosis

Rad cal bronchoscopic removal of 1 adenoma 15 certan only if the
tumor 1s pedunculated If ifter scem ngly radical extirpation an adenoma
Tepeatedly recurs if 1t 1s the intrynural or echerg type  or af at has
caused nreversible change mn the distil puenchyma external surgery 15
ndhented

The mcidence of bronchoyeme curcmoma has ncreased truly and
markedly m the last two decides Now 1t occurs s often as stomach
mihignancies and perhaps actually more frequently

A pulmonary earcinoma can ¢ located m 2 mun or lobar broncheg
(central or lular) 1n the tertiry to quntary 1ronchus (ntermeduate) o
e the pleura (persphieral) or my be diffuse carcmoma

F
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Histoll Ily the bronch carcmomas are drvided mto three
groups planocelular, adenocarcmoma, and round cell carcinoma or they
are graded by the percentage of differentiated and undifferentiated cells
n a tumor populition

Early symptoms are discomfort in the chest, cough, pun, and micro
hemoptysis Later dyspnea, stridor, hoarseness and pulmonary suppura
tion develop X ray signs are extremely vanable

The following dingnostic examinations should be performed complete
physical, fluoroscopic, Iboratory < ray, bronchoscoprc, and if necessary
bronchographie, angtocardiographic, necdle biopsy, and exploratory tho
racotomy

The bronchoscopist may observe direct or mdirect signs of a carcmoma
He can obtain spectmens for morphologic study by routine biopsy, bhnd
biopsy and aspiration of the bronchial secretion for cytologte evanuna
tion

The treatment of a t hog 118 P and only
1n rare cases lobectomy




12.

Foreign Bodies

Until the end of the last century bronchial foresgn bodics were drag
vosed sf at all from data of the h story and phystcal exammations In
chrome or uncertam cascs they were recogmized only 1f pitients expelled
them spontaneously but often they were revealed only by 1utopstes
Unti the end of the seventeenth century therpy was frequently unsuc
cessful Egnetics were rdmumstered or attempts wire made to shake out
the forergn hody by turning the patient npside down At the end of the

teenth and b of the ugh I century tracheotomy and
gentle smitation of the tracheal mucosa were performed m an attempt to
have the patent expectorate the foreign body Accordmg to stalisties
foreign bodies were expectorated spontaneousty and without any treat
ment 46 per cent of the cases wath emetics and shaking 1 3 per cent
of tle cases but about half of the pateents died After tracheotomy ws
tnstituted only 27 per cent died Over all the mortality m trwchenl foreign
bodues was about 30 per cent and that 1n bronchy ! foreign bodies about
50 per cent

Objects shippmyg into the pharynx trom the mouth or sometimes from
the nose 1r, swallowed 1nto the «sophagus or stormach m the monty
of tases They are mhaled mto the lower atrways most frequently by the
airlow of g forced mspirition Fright crying and hwghing are 2ceom
Plished by quick deep mmspuation (A dramatic wctor ¢spressng fright on
e stage gesticul ttes wildly with Ius arms and broathes quickly and
deeply } This type of tipid strong urflow may carrv 1 forermn body
Unough the mvamally widened glottis mto the traches and bronchi Tor
evunple this can hppen whan 1 child or even an dult 1s rocking on s
Lhmrdunng ameal wnd suddenly falls backw ird or a child wlile hotding
a mouthful of food 15 quickly nd unevpectedly lut i the face {Case 10)
©F an object ships suddenly from the mouth mto the laryngopharynx of a
Plaving chi'd or 2 working adult (dressmiker upholsteser) Such unex
Peeted crcumstinces muy cawse fricht and reswlt i mspiration of n

et The following cast scrves as a charactenstie though unusual
ample

193
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Fic 103 A Anteroposterior x v showmg atelectasis of the left lung due to a
tack (B) m the left main bronchus of an eight year-old boy (sce Case 8) Antero
postenior chest x ravs were tiken 11 days {C), and 3 months (D) after the remoral
of the forcign body and show progressive mmproyement

Case 8 Xeray films showed a tack m the mun bronchus of an eight year old
boy (Fig 103A) The father explamed tht the boy had been hit by a motor-
cycle 5 weeks before and recewved only some minor inyaries but had been
breathing heaw:ly since this aceident This explination was believed to be an
attempt on the part of the father to try to get more money from the motonst
Only after a few days, when the foreign body was removed and the boy was
reassured, did 1t become evident that the father hd told the truth The boy
explamed what had happened Unknown to hus father, he had found 2 bright
copper tach on the road When the motorcycle had het hum, being fnghtened,
he had put his “treasare” mnte his mouth and tn freght asperated 1

As a ranty, 1t should be mentioned that a worm may chmb from the -
testines through the esophagus mto the trichea and also that from out-
side the body a pockethmfe blade, projectile, or a piece of shrapnel may

enter the airways
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A forergn body may be aspurated also duning medical mampul iton
For example, dunng tooth extraction, a piece of the crown mw spl, the
dental canal reuner may roll out of the hind of the dentist (Fix 104)
2 duodenal catheter may shde mto the trachea and the metil end bre 1k
off from a worn rubber tube by the shering action of the sprsmodically
elosed glottis (Fig. 103), dunng tonsiflectomy or adenmdectomn a piece
of tnsue mav fall mto the trachea, or durnng bronchoscopy a blwde of
the forceps or the small electtic bulb may bre1k off (Fig 106}

During sleep, narcosis, drunkenness, or an epileptic attach, wnrecon-
nized foreign objects man be asprated (Fig. 59) Somctimes n forertn

ody may remam 1 even mn the consctous stite
of a patient for a reason to be cxplamed later

Inspiration of a foreign body may occur 1n every age group tmt it s
most frequent m childhood, the chuld m1y put nearly any small abject
1wto hrs mouth

A foreign body may hecome wnpacted m the hrynx remun e the
trachea or shde mto the bronch

In the laryn of an adult, an objeet lurger than the hinngal lumen

i 101 Cluy 5 rays hownz o datal canal romer b e i postertor Bl
Sfment of a farty-cic year-of | man A Anteropesterwr I8 Fatcral After an wmsuc

:N\fullmnthos(hmc attempt 1t was coughed up ta the Dinyny and its point pow

"ted the postertsr pharynscal wall from whieh if was sy removed (€7 An e
T WS olsered fn which the dontal seamer ab changed ite povtion Thiv was
*Tprlung because of the very sharp paint of the dental-canal remer
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Fic 167 A Anteropostenor chest v ray was complet lv negatine an the case of a
cne-yearal ! boy whose respiraticn had becn dyspnei and stndorous for seseral
months His plysican had diagaosed tracheal stenosn due to compression by a
tuberculons lymph nde (sec Case 9) Direct liryngosops showed marked crcular
congeshon and some gray elevation 1 the whilottal segon B Pipill ma was
duagnosed bv hutologn. exannnation € Repeated limyngoseopy revealed a foreign
body 2 springlike thm bone which was 1mbedded i the overlying mucoss causing
congestion and papilloma ke bypertrophy of te epithchum mnleading even the
pathologs ¢

lom1 or cyst but it may 1lso be 2 foragy body The difficulty of diagnosis
m certain cases 1s demonstrated by the following example

Casz 9 The respration of o one year-old child had been dyspnae and
stridorous for severt] months The child was referred by hus physierin wath
the dragnosis of tracheal stenosis due to tuberculous lymph nodes X rays
wete completely negatve (Fig 107A) The studor was most pronounced
with stethoscape at the larvnged level Direct farvngoscopy shiowed marked
cireular cangestion wd same gray elevations an the subglotttl arer Because
of the possibihty of papilloma the griy elevations were remaved for bistologic
study This proved the dingnasss of prpilhma exietly (Fig 10°B) The con
dition of the panient was unaltercd With the aim of removang the remaiming
papiliomn trssue hiyngoseopy w s agatn performed with genernd anesthena
but anly smoath enngested mucosa was observed ind no prpifloma The ex
amination might have been discontinned but then 3 very thin white Iine look
g ke scar tissue wts detected With rather routine moving of the for
ceps thrs btk tissue was grasped  1nd alter the forceps were withdrawn
very swrpnsigly a paper thin bone 4 by 23 mm was scen between the
blades (Fig 107C) 1t was equally surprising to the parents who were
unable to mve any evplinition for the prescnce of the foreign body

The anfant aspirated 1 bone it aight or mne months of age During the
rext 3 or 4 months the sprnghike bone dug mto the overlymg murost and
caused cangestion and papillama bke hypertrophy of the cpithehum ms
Lading even the pathologsst The precise (and 1t must be confessed some
what Tucky ) endoscopic seirch Jed to the accurite diagnoss and therapy
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Fic 108 Anteroposterior chest x rays A An atelectasis {drowned 1imng) of the r ght
lung of a two year old gul due to a hean n the nght mam brenchus B Normal con
dition after removal of the foreign body

After inquiry of the patient or relatnves external cvammation of the
chest should be performed These exammntions are very unportwt par
ticularly 1n infants and chld, From mndra of the sup a
notch of the supraclivicular and mtercostal spaces and epigastrum and
from retarded respuratory motion on one side laryngeal tracheal or
bronchial stenosis will be determmed

The physical signs may vary from case to case or at different tumes 1n
the same patient They depend upon the condition of the distal pulmonary
pwenchymt Decreased vocal fremitus impared percussion note dimmn
1shed intensity or even absence of the breath sounds may be noted The
partrcular sound called stridor due to bronchial stenosis and thus to the
foreign body stself was discussed m Chapter 2

The next step 1s fluoroscopy of the chest organs by which an opaque
forexgn body may be seen and with rotation of the patient 1ts position
determined Nonopaque foreign bodies may be localized with fuoroscopic
abservation of the respiratory dynamic mechamsm (Chap 2)

Roentgenograms should also be tihen to determine the position and
shape of opaque bodies The location of a foreign body must be deter
mined m space (m three dimensions) therefore at least two films 1!;
anteropostenior and a lateral are required Tmvolvement of the dlstkll
parenchyma will be determied also by these films which may ye !
further mformation as to the location of the body (Figs 103 108-113 Inm
115) Metal bodies project dense shadows bones and shelled seeds (p! llme
cherry, etc ) project less density, and soft seeds or other soft bodres ar

radioparent
Physicrans have been misled m the past by foreign bodies 1n the trachea

or one of the main bronel These foresgn bodres were frequently thought
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to be located i the esophagus and in some cases an unnecessary esoph
agotomy was even performed These errors mav be avoided by space
onentation or by Holzknecht s sign

The importnt means of 1 stridor were di d m Chapter
2 dyspnea and ats varous types were expluned m Chapters 2 and 3
and < ray symptems of the pithologic resprratory mechanisms in Chapter
3 The sigmificance of the Holzknecht sign was demonstrated by an ex
ample (Case 1) Case 1 also represents an example of the very worthwhile
conclusions that may be drawn from correlation of the Holzknecht sign
strrdor, and dyspnea Severe dyspnea may be cused m the presence of
stenosts of one mam bronchus not only by stenosis of the lary nt or trachea
but also by stenosis of the other mun bronchus As an example the follow
ng case 15 cited

Case 10 A two year old boy was forced by his father to et a walnut the
Loy refused to swallow the masticated pieces was hit on the face and in
Inght asprrated the walnut On clinical examination he was found to be ex
tremely dyspneic with nspiratory indrawing noted m the neck and epigis
trium respiratory sounds were 1naudible on the left and over the lower por
tion of the nght lung field Roentgenograms (Fig 113) showed 1 displace
ment of the upper portion of the mediastinum to the nght and the entire
left lung and lower two-thirds of the nght lung were emphy sematous The
upper lobe showed some density and the left diaphragm was depressed
Fluoroscopy showed that the displiced upper portion of the mediastinum
shifted with every mspiration tow ard the left side

Foreign bodies were present 1n the left mun bronchus and i the nght
stem Lronchus there was valvular emphysema of the whole left Jung and of
the right middle and lower lobes




L.

Fic 110 A B A machme screw m the nght stem bronchus of 2 two yewr2ld bov
causing vihutir emphvscm 10 the lower lobe and collipsc of the middle Dbe
D Lateral ¥ riy showing no changes after removal of the f reign body (C)

Two preces of walnut were removed one the size of 1 pea from the left
main bronchus and another the size of a furlv hrge lentl from the nght stem
bronchus

The question 15 which considerations resulted tn the evact dugnoss Bc‘

emphysematous and the left leaf of diaphragm descended therefore a Jesion
had to be located 1n the left min bronchus ctusing vabular empln semt
This was correct but the scx ere dyspnea was stll unetpluned somew here n
other stenosts had to be present and actually the right muddle and lawer lobes
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were emphysematous to the same degree as the left ung thus the other
foreign body had to be located 1n the nght stem bronchus This explination
was supported by the absence of respiratory sounds on the left and on the
lower porhion of the nght The child was breathing freely only with his
healthy nght upper lobe The Holzknecht sign yielded the greatest help to
ward the accurate diagnosis

The airway may be stenosed by a foreign body not only 1n the larync
trachea, or broncht, but also 1n the pharyny, pnmanly in the laryngo
pharynx, and may produce severe dyspnea In the laryngopharyny, a large
piece of meat will often 1mpact, overlymng the ntroitus of the Inryny, and
cause severe dyspnea or perhaps death by asphysin However, i the
majority of cases 1t can be reached by the finger and easily removed

The following case represents another example of the interesting n
vestizations carned out by the bronchologist

Case 11 An tnfant about one year old put into is mouth 1 part of 1 rela
twvely small pacifier from which the ring and the rubber mpple were absent
This object slipped back mto the pharynt and the chuld begin to choke The
mother dipped her Buger it the child s pbiryny 1nd touched the foreign
body, which then disippeared The mfant was then mtermittently dyspnetc
The relatively large object certainly found no reom in the Lirynx and trachet
of the infant, and 1t was not found 1n the lryngophwrynt It mught have
slipped down into the ¢sophagus compressing the lumen of the trichet now
and then depending on the childs posture With fluoroscopy no changes m

Fic 11 Chest x riys of atclctasis of the litcral basal segment of a scventy twoe
sear-oll woman due to gold dental crown {C€) m the corresponding bronchis A
Lateral B Antcropostctior



Frc 112 Chest x rayvs of a six year-old boy taken i {A) expuration and (B) mspira
tion showing vahular emphysema in the nght Jung du to a fragment of waln 1t 10
the nght mawn bronchus

Fic 113 A Anteropostenor x ray of a boy aged two years shows valvular emphysema
of the left lung and of the nght middle and Jower lobe due to fragments of walnut m
the Jeft mam bronchus and in the nght stem bronchus The child was 'brcathlm]a
freely only with his healthy nght upper lobe B X ray taken 5 days after remora
of the foreign bodies showing a normal condition on both sides {Case 10)

egment of 2 §pu1

Fic 114 X flms showing a pin m the feft ingulir superior s i

yearﬂlld boy nx’ Anteroposterior B Lateral The pin was removed bronchoscopically
20¢
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Fic. 135 \ray lms hoa ng shadow of pacomoma m the naht millle and kwer
e 40 2 serew in te stem bromlus of a U ree vearold hav A Later } B
Antesopastenor € Platograph of the rem 1ed forewn brds 27 mm » bygth

the chest argins were observed but enmoush when his hed wat dlesated
By 2 135d on his jww and tuc month shut he wnmedntly ben to snf
focate This obsersatr n showed that the forewn bodv was located m tie
nasopharynx shese the mothers Fand had pushed 1t Belore fuarescepy
rabady hat naticed that the mbant became dvspnerc onh when his month
was shut The forergn bady was ersily rem wved from the nasophrs

Hundred.

wd hundreds of add: I examples could be cated but even
sith these 1t could not be emphsized ton strongly how prudent phyaicins
Incluting bronchologists must be m searching for forergn bodies

The esrcumstances of the removal of foreagn bodies fram the triches
or bronche are generally sumple aned evident The procedure ss complet v
mechamical thercfore the bodes are groupcd by ther shape—one two
and three dumensional and hollow bodics

The most frequently occirring one dimensiona) forcum bodies 1 the
tower urw 1y are pies (Fag 114) nals (Fg 103} wd scress (Figs 110
1% two duneasional ones e buttons it bones (B 107} and
<oms three dimenstonal ones e bens (P, 109 puis prwmts w duuty
{Fige M2 and 123} watermefon sceds com hemels frunt stanes {F1,
B} peacls (Fug 116) bones The most freguentls found hollaw wubyedts
e cartaidzes (Fig 63)

H mlxmmar) selection of forceps surted to the siz nd shape of the gnen
fatewzn body ‘should be m e tn eveny cuse A test of foreeps with 1 duph
cate of the fareign body s a very amportant step 1w prepirhon for
bronchoscnpre manipulthion Without adequate fnrceps or ather smtable
wstruthents it 55 mmpossiblc to remove fortrgn bodies In the mypornty of
cases msufficient prepas thon or poor instrumentanurn 1s the smple Terson
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Fi6 116 X ray films showing a pearl i the nght lower lobe bronchus of an e gt
yearold gl A Lateral B Anteropostenor G Photograph of the foregn bodv
L em m diameter Colfapse of the lower Iobe 1s clearly shown m the lateral fim
but 1t 15 hidden behind the heart n the anteroposteqior film

for unsnceessful efforts or prolongation until the ptient 15 exhausted The
bronchologist must know the precise circumstances of the msertion and
the function of Ius mnstruments (forceps hook etc) he must feel the
depth at which the dist1] end of hus instruments work he must concene
and recognize the relation of the orgins bronchoscope istruments wd
the foreign bady to one another from the bronchoscopte appearance He
also must learn what c1n be done with forceps hooks and other awuliary
mstruments through the bronchoscope No field of medical scrence extsts
where the principle of m! nocere 15 more important thw m bronchal for

ergn bodies Except i an emergency 1t 1s less hirmful to leave a forergn
body in the Tung until the pattent can be admitted to 2 well equipped

suitable mstitution thin to torture him and traumatize the air passages
until he becomes very 1ll or monbund It 1s extremely dangerous to enter
the lower uirways with any mstrument until the exammner becom('s‘ familar
with the 1 1 prot and precise techmque of ©

foreign body extraction

Summary

Foreign bodies are mhaled mto the Jower 2 rwys most frequently by
airflow of a forced msprration which occurs 1n cough fright crymg or
laughing A small object also may be aspirated duning sleep narcoss
drunkenness or epileptic attack and also during medical mampulations

Closely followang the aspiration the patient coughs heawly Later lrr;‘
tation from the forergn body subsides (iatent pened) This s the reaso
why many foreign bodies m the lower awrway become chronte,









Differential Diagnosis

Symptoms signs and dragnostic methods can be briefly summanzed
as follows

Patient s History The rapid onset of svmptoms (cough dyspnen strdor
ete ) indicates acute respiratory or plmonary mfcction or a foreign bodv
Symptoms lasting several months or a few yeirs mdicate subicute or
chronie Yaryngitis or bronchitis {especially smobronchitis 1 children)
abscess bronchiectasis pulmonary tuberculosis aneurysm new growth
s the larymy bronchs or mediastinum or 1 foreign body mn ats Iitent
stage Long duratton of symptoms for several years or even decades may
be caused by clirome respiratory or pulmonary mfections wd a foresgn
body but long duration tn with hemoptysis 1 1
young person 1s very charactenstic of bronchial adenoma

The patient s hustory 15 most smportant 1 searchmg for a foreign body
Inquiry and spontancous explanation by the patieat or parcnts reveal very
inportant data 1 acute cases of a foreign body or i cascs of chrome
pulmonary suppuration duc to foreign body

Signs and Symptoms Cough 1s the most common symptom of a respira
tory or pulmonary discase It ean be dry or productive Dy cough appears
m cises of chrome liryngitis aneurysm or new growth i the larynx
bronchi or mediastinum Productnve cough 1s present in cases of bscess
bronchicctasts pal y losis tumor or foreign bods  Odor of
sputum m1y mean abscess bronchiectasis or foreign body

A brassy bitonal sonorous cough 1s very chirtctenstic of discases with
stenosis of the trachea or mam bronch: due to cxtcmal pressure or in
fewer cises to endobronclual Jesions This type of couph usually appears
n chrldren becuse of pressure or bronclual rupture of a tuberculous endo
thoracte Iy mph node or pressure of ¢sophagcal foresen body and in adults
because of compression by an ancurysm The cough ss usmlly spismodic m
wases of broncheal asthma tubercwlous bronchitis wnd closely after the
aspiration of 1 foreign body

Cough frequently first becomes manmifest after an mtercurrent simple
tespiratory mfection even 1n cises of chronte pulmonary dhiscases sueh as

209
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epithehalized abscess, bronch pulmenary tuberculosts, or tumor

The time of maximal meidence of the cough 15 morming or mght (at
bedtime) 1n cases of nasal sinusits, morning 1n cases of heavy smoking
mght 1 cases of abscess or bronclrectasis and mn cases of bronchil
asthm+ any time, but most often at night or on awakening from sleep

The cough 15 a very signtficant factor 1 spreading the mediastinal and
traumatic mterstitial emphysemata

Pam 15 charactenstic 1n none of the diseases discussed m this book
Pulmonary diseases m1y cause only shght discomfort 1n the chest but also
an ancreasingly severe pun Severe pamn 1s almost always present m
cases of trauma of the lung tree” In connection with lung diseases the
pam 15 generally visceral or deep 1n the chest, which causes the pitient
to breathe faster and to cough

Fever, 1 sed:
symptoms which are very n acute y
bronchitss, pneumonit, abscess, ete ) occur also m chrone diseses with
acute exacerbations (chronic and deformmg bronclutis, bronchiectasss,
and tuberculosis) Usually the fever 1s mregular or mtermittent

Hemoptysis 1s ane of the most alarming symptoms of a bronchopulmo
nury disease and frequently a challenging problem to a bronchologast

Bronchial, pul y, card lar, and blood diserses may cause
hemoptysis True hemoptysis may occur 1 almost every bronchopulmo
nary cisease Among bronchial diseases, 1t occurs most frequently m acute
acute evacerbations of chromc bronchitis, bronchiectasss,

carcmoma, ¥ 1 and forergn body, among
pulmonary diseases, m tuberculosis cysts parasitic diseases, traumt of the
lung tree*

The color of the blood 1s usually, bright red, and at least a part of 1t 15
frothy The blood may be pure or mixed with sputum After a severe attack
the sputum 1s almost alway s bloodstamed for a few days, usunlly dark
color, and clotted If the blood is swallowed the stools are tarry

The hemoptysis 1s frequently profuse, and pure blood 15 coughed up
cases of dry bronchiectass, abscess advanced tuberculosts, and aderfmm1t

The sputum may be bloodstaned or blood streaked 1n cases of we
! } 1 \ 1 or mycosis, bronchitis, abscess
e of a foreign body
ht be coughed up 1n any cases of
m acute cases of foreign

rate, leukocyt: malatse, and other
(acute

bronchitis,
bronc}

Y

T

malignant tumor, and m a latent stg
A small amount of pure b'ood mgl

the 1bove diseses, and also m cases of cysts and

bodies
€41 = 23+ oo hwanchnl stenosis: The sound daffers according to the

a wheezing or whistlhing sound, a loosely fivedt toteiLn wuuy w4
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fated tumor may chwse a sound similr to a rattle or the roll of 4 drum

Inspection of the chest 1s very important 1n every case of suspected
endothoracie diserse Inspurafory ndrawang of the supraclavicular or
sternal epigastric and intercostal soft tissues indicates laryngeal tracheal
stenosis or a stenosis on hoth sides 1 major bronchi Dunng quiet respira
tion stenosis or even oeclusion of 1+ mam bronchus does not necessanly
cause indrawsng of these tissues espeerilly m children but during exercise
or when a cluld cries these signs become pronounced The ntercostal
spaces are wider than norma! in cases of valvulir emphysema and nar
rower 1n cases of atelectasis or other hinds of shrinking processes on the
affected side or the affected portion of the chest In both eases the affected
side or portion of the chest 1s lundered n respiratory movements

Dilated veins of the frontal whll of the chest mdicate stenosis of the
vena cava superior due to compression of a lesion m the mediastinum
{earal sign)

Dyspnea may be of the reflex or phystochemical type

In normal conditions the Herng Breuer reflex hmits both mspiration
and expimation If normal pressure 1n the chest cavity rapidly changes
afferent impulses signahize pathologic condition wlich may upset respira
tory halance even m cases of healthy cirdiorespiratory organs This phe
nomenon frequently occurs 1n tracheotomized children during decannula
ton or i other conditions w hen the erng Breuver reflex becomes hyper
sensitnne by reduced distensibility of the lungs resulting e g from edema
congestion inflammation fibrosis or tumor This ibnermal sensitvity n
hub ts the mspiratory phise earlicr ind < wses a more rapid shallow ty pe
of breathing

Clubbing, fingers are seen chirretensticly 1 morbus eaeruleus and
also 1n assoctation wath fbrod lunes or 1n 1lmost every disease that leads
to persistent congcstion of termuml parts of the fingers (emphysemn
chronie bronchutis pulmonary bscess bronchiectisis lung tumor ctc )

Diagnostic Methods 1 loroscopy 1s w mmportant method m discorenng
nd locating a pulmonary lesion or a foreign body In cases of bronchial
stenosis the wholc process of respiration must be observed Attentron must
be focused cluefly on the motion of the roentgen middle shadow and of tl e
duphragm 1t frequently happens that one ¢ diagnose a foreign body
or other bronchnl stenosts only by directing lus attention to the Holz
Lnecht sitn Diffcrentiation betwcen valyulir emphysemn nd atelectasis
may often be intricate witl out this sign

In bronchogriphy fluoroscopic control of the optimal Bllng of the
bronch 1s a sine qua non for a correctly taken bronchogram In umed
bronchography, the accur ite plicing of the special e1t] eter and Glling of
the bronclu also must be controlled by fluoroscopy

\ ray appe wance of an atelectisis lobar or segmental pncumonia and
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an abscess 1s, generally, charactenstic In cases of atelectasis, the shhdi
shows the pulmonary umt dimimished m size, v hich indicates bronch
aobstruction A typrcal lobar or scgmental preumonya 15 shown by a misst
shadow on the pulmonary umt wiuch 1s normal 1 size and shape (Fugs «
50, and 51) Two other kinds of pneumonta may appear n this citegor
the atelectatic and the abscess form ¢

The shadow of an atelectatic form of pneumonia 15 smaller than a typic
one and shows the pulmonary umt diminushed 1n size If a lobe 1s fiv
by pleural adhesions the interlobar margins of the shadow appear coneat
i shape * (Iigs 44, 49, 63, and 81). This type of shadow also mdrcat
bronchial obstruction

An abscess type of pneumona projects a shdow larger than the pu
monary umt The lobe or segment 1s extended by secretions, and 1
margms are conves 1n shepe (Figs 37 and 46)

X-ray findings are very charactenstic mn cases of an open abscess, show
1ng a shadow sumlar to a basket with a hindle. The body of the biske
represents the flud and the handle the wall above the air of the cavit:
{Figs 53 and 54).

In cases of chronic bronchitis, & y
mycosts, and bronchogenic tumors, the « ray findings are extremely van
able Xray films of a patient with chronic bronclutis may show some
marked bronchtal branchings or may show normal conditions, bronchrecta-
s1s projects shadows of several cavities and shrinkage of one or more
pulmonary umts, no pathol d may be shown on
v-rays Xeray findings of pulmoniry tuberculosis, mycosis, or tumor are
so complex that they cannot be discussed briefly The roentgenographic-
shadow diagnostic procedure 1s very helpful in most cases, however, it
seldom reveals the accurate diygnosis An opaque foreign body can be
diagnosed by x-ray, but m mny other conditions, even if the shadows
are as characteristic as those of atelectasis, pulmonary abscess, or pneu-
monit of a pulmonary umt, the x ray diagnosis 1 uncertam and made-
quate
The next step toward the accurate dngnosis 1s bronchoscopy  The
bronchologist drignoses a disease from direct and wndirect bronchoscopie

} 1 1 )

signs
The direct signs are what the examiner observes 1n the Jesion itself In
cases of pathologic conditions i bronch accessible to bronchoscopic €€
ploration, the bronchologist may d the 4 correctly at
first sight Howeser, even 1 these most accurate cases, further studies
(Iustologic, bacteniologie, ete ) may be necessary o
1f 2 lesion 1s Jocated out of the vision of the examner (outside l(l]e
bronchial Jumen or 1n the periphery), indireet signs can be apprassc
Abscess or bronchiectatic cavtties are neser seen through a bronchoscope
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