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TUMORS of the LUNGS



18 Histozenesis

Untike cancer which has ansen pnmaniy 1n the lung, a cancer that
lias metastasized to the lung from other organs rarcly imades the
bronelnl wall, and only very rarely causes uleeration of the bronchiil
mucosa It may, howeser, occasionally compress the bronelial wall from
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Frc 1-~-The lmmg of bronchirl mucesy by basal eells
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- e

Fio 2 —Hyperplasia of the basal cells of the hronchiil mucost
without and narrow 1ts lumen, pmducmg an extrnsic bmnchostenos)ls
The bronchil ongm of the cancer 15 especially demonstrative m the
premnvasne phases or when the cancer 15 still i situ
Basal Cells—Metaplasia —~The bronchi1l mucosa 15 made up of three
types of cclls—cihated columnar, goblet, and basal  The last type (Fugs



Bronchrogenie Cancer 19

1 and 2) les close to the b and features
which become actne m the mBammatory and regenerative processes of
the Jungs and bronchr  When normal epitheliumn of the bronchual mucosa
15 exther dimaged or destroyed, the basal cells differentiate into columnr
cells and “repnve the bronchus  In fibrog i of the lungs
they often proliferate in excess, sprout out into the surroundmng hissue,
and penetvate the ar sacs  They often move deeply into the pulmonary
parenchyma, forming nodules erronieously regarded as neoplistic

Tie 3 —~VMetaphsia of bronchid epithehum  Squunaus-cell cancer
beneath the mucosa

Smee stratified squamons epithehum normally does not exsst 1n the
lungs, its presence n diseased lungs was erroneously attnbuted to the
abited columnar epathelium, said to have undergone a squamous meta
plisn However, on close scrutmy it became appirent that the basal
cells {singulirly active 1n regeneratne processes of the hings), and not
the chated columnar, are the ones which underge metaplastic transfor
mation  Under phy siol 1 cond; they d mte the normal
Lnmg cells of the bronchinl mucos, while under pathological conditians
thes dufferentrate mto stratified squamous epathelium, which replaces
the normal columnar cells  The metaplastic epithelum may remun so
ndeBimtely or, under suit1ble stmuli, evolve mto cancer (Figs 3 and 4)

The term “crrcmomn in ste™ (also called “mtr epithelial carcinoma™)
has heen applied ta the merpeent stage of hrancheal cances, dusme wineh




20 Histogenesis

the malignant process 1s confined to the mucosa, limited by an mtact
{nomnvaded) basement membrane (Figs 5 and 6) The malignant
nature of the process ts evidenced by the prohferatimg basal cells and by
changes n the cells, vwhich proceed to show anaplasia, hy perchromatism,

poly nucleosis, mitotic actwvity, dispanity m the size, shape, and staming

Fic 4 —\fetrplasi1 of bronchinl epithelnim with tewsformation into cancer

BRONCHIAL LUM

-,.‘\z,u

- ':
-~ '.‘"r oy "‘9.“\
_'A 4?‘"‘1 S

T'ic §—Cancer of the bronchus in sty
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quality of the nucler and loss of orientation It 1s believed that this 15
the usual mode or ongmn of bronchiogeme exrcinoma
" ma st
e presence
denotes 1
multicentnic ongm of pulmonary cancer wwarts further myestigations
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Fic 6 —Cancer of the lronclus ta st

“ALVEOLAR CELL CANCER

Another source given for the genesis of pulmonary cancer 1s sard to
lie outside the bronchs namels i the <o called resprratory epithehum
The tumor was therefore tcrmed “alveolnr cell < ancer” and its identifica
tion was bised on the followmg entern

1 Absence of cancer mn the bronchil wall

2 The hnng of norml heolr wills by ummterrpted rows of
<ubodl or colummar cells sometimes scerctng mucaus

3 The unif of the histological pattern th hout 2 lobe or a
lung

This has led to the theory of the multicentrie onigin of caneer the
behef that the cancer wmses synel ronoush m 1 multiphets of plices
possibly throughout the lung

Such tumors have been classified as (1) nodulir m which the new
growth 1 said to congist of diffuscdy seattered nodules and (2) massive




22 Histogenesis

m wluch the new growth 1s clumed to form a massne or lobar block
Subsequently it had to be ackniowledged that the “massive” vasiety
resulted from a fuston of the nodules

In fact, the whole concept of “alveclar-cell ongin of pulmonary cancer
has been contested on the follow g grounds.

The falure to detect a cancer 1n the bronchus with the n1ked eye does
not negate its presence there, for 1t has been repeatedly observed that
widespread metastases may take place in the presence of cancers which

- v
ha

Fic 7 —\etastases to both langs from eancer of the pincreas

cannot be discovered  Miute testicular cancers often yield massive
mtra abdommal lvmph node metastases, small gastne eancers provide
voluminous hepatic metastases and barely visible pigmented moles ex
Iibit metastases throughout the entire body ~ Malignnt teratomas are
of particular anterest i this respect  In the past when such a tumor was
found 1 the mediastinal space, 1t was mvanably diagnosed as a pumry
mediastmal neoplasm, whereas now 1t 1s generally regarded as mctastatic
from the testicle, where the growth vanishes after an extensne sceding,
leaving only a scar N

There are two possible sources for the so called “alveolar-cell mnch1
it may be a metastasis to the lung from (1) an undetected abdo}l:nn ‘s
cancer (Figs 7,8, and 9), or (2) from cancer of the bronchus which wa:
overlooked or misdiagnosed (Figs 10 and 11)
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Fic 8§ —Lining of the s(lpla by metastatic cancer ccll. resembling the so-called
alveolar cell cancer Bi psy ol tasned at tl aracotomy

Fic 9—Samc as i Fiz 8 The norml state of the septa must be noticed  The
neoplastic cells ate m cous producing
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Fic 10 —Primany cancer of the pancreas  The similartty of tf ese cells with the

metastatic €ell (in the 1ings) must be noticed
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Met Ongmn —Abd 1l cancers which produced pulmenary
metastases of the “aheolr cell type hue been frequently observed
Cancers of the thyroid and the gullbladders h1ve yielded sumilar patterns
of metastases (\itchel Herbut? The following crse illustrates an in
stunce m which 1 “silent pancreatic eancer produced chimcal and ana
tomic pictures of 1 alveolr cell” cancer

Fig 11 —VMetastatie (pancreabie) cancer in the lung The normal septa are lined ¥ofr
tl e m 1cous producing cancer cells from e pancreattc cancer slow ng a picture o
a 50 called ah eclar cell cancer

Hlustratie Case

Case 1 Onsct of tliness with nonproductie cough a chill and

a brief episode of fever Gradual (Iet.clop:ncn,t ,of dyspnea and

infiltration of

cal of ussue

Autopsy find

ngs of carcinoma of the tal of the pancreas with metastases m the
lungs

Hstoryy ~The patient a 50-year old female was admuted to the
Lebanon Hospital New York City with a complunt of shortness
of breath and vomuting  Both her pients had been dnbenc;{
Her mother had died of a ctrdiovascular disease At the age
14 the patient suffered from a severe amema of an unkn';)wn
nature which lsted for one year At the age of 31 she had 1n
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ppend at 45 a chol . and at 46 a hysterec
tomy Her menstrual istory was normal until the removal of
the uterus  She had one chuld who 15 12 good health  The woman
was born in Amertca and never visited a foreign country  So far as
she knew she never had any contact with sheep birds or rabbits
In the early part of 1950 she visited Colordo for several weeks
and when she returned to New York 2 April she complained of a
nonproductive hacking cough  In May she had chulls followed by
an episode of fever which Tisted for 5 diys It was dragnosed as
a virus mfection
I July of the same ye1r she complamed of shortness of breath
on mimml exertion with simultaneous vormting  The dyspnea
increased progressively n seventy  She bectme moderately nor
exic lost some weight and felt weak
When she was admitted to the hospital she showed a moderate
cyanoss of the hips  The bases of both lungs showed dullness and
rales were andible anteriorly and posteriorly  Plenral rubs were
felt m many arers Exammition of the heart was negatne Her
blood pressure was 130 systolic and 90 diastohe  The liver and
spleen were not palpible A rectal exammnation w1s negative
Her temperature was 100° I’ her pulse was 96 per minute and
her respiration was 22 per minute  The lborttory findmgs were
‘ y The sed 1on rate was 28 mm per hour
The tubercubn test w1s positive 10 2 dilution of 1 to 10000 and
and

the serol 1| tests for hustopl and cocadiodin
were negative

- 7" owed “ex
ter through

ou . X ray
evimmation of the gastromtestinal teict wnd the gallbladder
was negative and no disease was found 1 the hidneys or the
thyrold  The electrocrdiogram showed no cardiac abnormal
ties wd the sputum was negative for tubercle bacilh and fung:
The Papmnicoliou test was meonclusive

Except for dyspnea and cvanosis which mereased steaddy m
ntensity thus requining oxygen the prtients condition remamed
unchinged Repeated roentgenologieal exymmations faled to
show changes in the chest, and intensi e treatment with antibiotics
did mot lead to any improyement in the climenl status

An exploratory thoricotomy was made wath excision of pulmo
awy bissue for ditgnostic purposes At the exploration the night
fung was found to be free from adhestons  All fobes contamned
scattered rubbery nodulations unlike those observed m ewrcmoma
A portion of the night upper lobe was resected  The histologcal
diignosis was pulmontry adenomatosis (Figs 8 and 9)

The dyspner grew i itensity. The patient became restless
apprehensine and m constnt need of ovvgen  Sugms of right heart
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fulure appeared with pulmonary edemn d cyanosis  Her tem
perture rose and she died n respiratory failure

At autopsy t mucous cell earcinomn of the tul of the pncreas
was found (Fig 10) The tail of the pincrens w1s repliced by 2
stony hard mass which encroached upon the splenc vessels The
penipancreatic ind neighboring retroperitonea) lymph nodes con
tuned tumor There were extensne metastases to both lungs
(Figs 7 nd 11} the pnetal pleura the Iiver and the regronal
Iymph nodes  The lungs weighed 2325 gm  The visceri] pleura
showed many 1dhestons and the mterlobar fissures were obliter
wted  The lungs were firm and corsely nodulited (Fig 7) On
its cut surficc the pulmonary parenchyma was diffusely studded
with numerous whitish ghsteming slightly rused nodules which
hnd 1 tendency to fuse mto large masses ~ A considerable amount
of mucous was obtuned on the seriping kmfe

The dirgnosts wis primiry ciremoma of the panerets with
metast ises to regionl lymph nodes liver lungs 1nd pleura Histo
lomeally the tumor was made up of tall” columnir mucous
producmng cclls inmg the alveolar walls which appered qus
normal (Figs 8 9 and 11)

Comment —Illustrated nbove 15 1 cancer with ali the truts charctens
tic of alveolar cell” cancer  The nutopsy findings of a pancreatic cancer
which provided pulmoniry metastases of the alveolr cell” type were 2
surprise to both the chinicran and the pthologist

It 15 conjectured that the pancreatic cancer reached the lungs via the
thorteie duct night heart and pulmonary artenes  The neoplistic cells
pssed the walls of the septal capillines and adhered to the alveolar
walls which they utilized =s 1 supporting substtnce  They spread from
one alveolus to another vi1 the pores of holm It 15 even possible that
the invastons of the lungs from the pincrens occurred synchronously n
2 multiplierty of plices lexding to 1 multifoc1l neophistic proliferaton
which gave the erroneous impresston of @ primary multicentric origin of
the cancer 1n the lungs

Bronchiolar Origin ~The ahcolar cell type of cancer may also be
produced by a cancer which anses in the bronchus s demonstrated 1
Figures 12 wnd 13 This c1se concerns 1 cancer of undenibly bronchi1l
ongn Now 1t s been demonstrated that the alveolr cell type of
cancer ongmates 1t the peniphery of the lung from & bronchiole and 1t
has therefore been defined 1s bronchiolar or bronchiologenic cancer It
myades the respiratory portion of the lung by contmwity spreading along
the walls of the wr sacs »

From « detalled study Lumsden reached the conclusion that “The
view that spread (of cncer of the lung) occurred by way of alveolt was
amply confired  Spread along the Jumima of the awr pissiges :;C!S
mamly confined to the alveolar walls” Peterson Hunter and Sneeden
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“Alveolar-cell” Cancer

Frc 12 —Primary cancer of the left lung with metastases to the nght lung

. T ! .

Fic 13—~The histologcal structure of the bronchiogenie cancer shown i g 12



Fic 14 —Showing 4 pulmonary alveolus with scattered plagocytic cells alongolde
« septa No eputhelial cells can te demonstrated
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Fic 15 —A segnent from 1 pulmonary alveolus (1n a case of cancer of the lurl:g")
hned by listiocytic cells  The sumlanty between the sessile and He frce i

alveolar cells n ust be noticed
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studied five minute pulmonary neoplisms which they accidentally found
duniny an autopsy  They stated  Evidence as fir as obtamable fivors
bronchial epithelium rather than alveolir cells  Although very small all
(cmcers) gave evidence of an abihitv to mvade bronchitl wills and to

Tic_18 —An alveolus from a cits lung after the intr itracheal mjection of cod Iner
ol The cdlls dlengsile the septum are typied macrophages as are the cells m (e
Tonica of fhe air s1c For compnson & aerophage Loy the spleen Is mserted 1n
e right 1neer corner of e fyure

sprcad into the ur aheslh  In 1948 1 wrote “The cells m diffuse
mtruilveolr { alveolir cell) eancer should be loohed upon s 1 wideh
distributed ¢ imaliculr metastisis from 10 nvisible (with the naked eve)
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or overlooked cancer of the bronchus . ., The (cancer) cells found
hming the septa are not aborigmal but are imported from the bronchioles

Additional evidence that the “alveolar-cell” type cancer does not m
fact onginate from the alveolar epithehal cells was provided by the dis
closure that the pulmonary alveol: are hined not by epithelial cells at all,
but rather by cells of mesenchymal ongin,f which cannot produce an
epithelial mahgnant disease (Figs 14, 15, and 16).

ADENOMATOSIS

The “alveolar-cell” type of cancer has often been Imked with a diserse
termed “adenomatosis” found m man and the lower ammals Tl disease
1s charactenzed climically by (1) a cough productive of a mucoid sputum,
(2) steady loss of weight, (3) low grade fever, (4) ancrew, and (5}
progressive dyspnea

Roentgenological exammation shows multiple soft mottlings or wide
areas of id: scattered through both lungs  Postmortem
findings correspond to the v-ray pieture, revealng diffuse nodulations
or a lobar consolidation resembling gray hepatization m lobar pneu
monia  The bronch: are normal and the pleural cavities are patent  The
lymph nodes and the v1sceral organs show no abnormahties  Microscopr
cally, the alveal show the walls lined by noncihated, mucous-producmg,
columnar or cuboidal epithelal cells, often forming papillary projections
The cells appear normal, and the sept1 show only slight if any changes

Pathogenesis ~The disense known as adenomatosis or yaagstekte, which
affects sheep predommantly, 1s epizootic n Iceland At one time 1t w1s
regarded as malignant, and the name carcmosis was suggested { Bonne)
However, the consensus of opmion 15 that it 1s caused by a virus and 15
contagrous, although 1t could not be transmitted from one ammal to
another, or from an ammal to man  Dungal pomted out thit m Iceland,
where 1t 15 epizootic among sheep, 1t has nat been contracted by shep-
herds who are mn constant contact with the ammals  Wood and Prerson
performed a lobectomy on a man for cavities in the right lower Jobe, :m:]l
what grossly scemed to be disseminated miliary tuberculosis prove
histalogically to be ad Therr efforts to demonstrate a virus
m the removed lobe and 1n the lung at autopsy failed  Although quasr-
smular histologreally, the pathogente 1dentity of eprzootic adenomatosis
(jaagsiekte) and human adenomatos:s has not been demonstrated ,

e bl between ad in man and “alveolar cell
caremnoma 1s also only histological In both conditions the walls of 1the
pulmonary alveoli are lined by rows of cells However, while in “alveolar-
cell” cancer the cells are malignant, m adenomatosis they are benign

Fred, B\l The structure of the respiratory (terminal) portion of the Jungs
AMA Arch Int Med 98 691, 1956
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In epizootic adenom itosis the epithelial cells of the termmal bronchioles
re i all hkelihood 1ffected by the unknown pathogen or virus  Under

tion of a systemic disease
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Chapter 2

Classification

MACROSCOPIC

Iv the past cmicians chissified pulmonary cancer on one particular
phise of the diseise {usurlly on the basis of one roentgenologic1l film)
and pathologists clssified the cancer from postmortem findings  The
prthologsts’ classific itton gave no inkling s to the natural hustory of the
discrse, and the chimerns’ classifiertion portrayed but ane particulw
epsode  The dynimic nature of cincer 1 general wnd of bronchiogeme
€ncer m pirticular, mde these methods of classificition obsolete  The
sitc of orign of the disease 15 consdered to be of much gre ter dhiznostic
and prognostic sigmificince How ever, this aspect has not 1s yvet been
fully explored

bic 17 Fic 16

Tie 17 —5 jumous cell ¢ ncer of tle night mud lie Dhx with ny m tatwses
Actrlental pot mortem Inding

tic 18 —Squamnuscell €ancer spre s hing from the nglt hlus Metutatic ¢
Bmph nad « lwer hilneys adeenals and bores
- .
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Probably no segment of the bronchual tree 15 immune to the develo,
ment of cancer, but the following arens have becn found to be sites gf
predilection (1) The hilus or the center of the lung (2) the mdlun,
te, the midzone of the lung, and (3) the penpheral zone where thge’
so called penipheral cancer anses m a secondery bronchus or m a bron
chiole close to the surface of the lung

3

Fic 19 Fic 20

Fic 19—A sharply circumscribed squimous cell cancer of the left hilus with the
first mamifestations caused by a metastass to the bran

Fic 20 —Squamous cell cancer of the left 1:lus with ymphangiotic spread toward

the parenchyms Death 2 years after onset of respiratory symptoms o clmical

cvadence of metastises

1 The central or hulus type (Figs 17 and 18) which m most instances
15 a squimous cell cancer anses m the mucosa man bronchus, or
m one of tts primary dwisions 2 to 4 em belo 1 From the

mucosa 1t extends to the Jamm yopna It 1 s toward the
bronchial lumen 1nfiltrat  ~ chral wAll, s the pulmo-
It has n ascertal malignant

nary parenchym?
cells remarn n st before a sive proc
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In appetrince cancer of the lung vanes m no way from cincer of

withm and without the bronchus and mvades the bronchial and ocea
stonllv the tracheal wall

Fe °1

e 21~ Lon

Frc °*

(m nute) cancer of te 1 ng

¥ic % —Same cancer 6 nonths later

The centril or hilis type often assumes 1 masave or lobw aspeet
Generally the me Id ng of the growth depends m all ikelthoad on mtrmsic
(biologieal) properties and no doubt alse on arculatory and emiron
muntil frctors md dub ity The slow-groning tumors e a ten
deney 1o degener e 1n the eenter crumble and produce central envities
which e come mfccted and often putnd  Further the centrl type e
be seen with the Uronclhioscope at an early pertod and 1s soon apt to
provide neoplastic eudls m the expectoration as well as m e bronet i
wustmgy  Erom the ol mcil pomt of view this tvpe begmns to man fest

itsclf much enrhier than the penphendly located bronchil or bronclnolr
cancers
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2 The nud.one type (Tigs 21 and 22) onginites from the cells of the
smill bronchial branches beyond the mouths of the segmentl branches
The following deseribes 1 case of ths type

Hlustratiee Case

Case 2 Iistory A mile ptent 72 yeus of age had been
treated for wsthmr m the out paticnt clmic for 10 years  About
2 yerrs before lus deith an annalr shadow 4 em m dimeter
st noticed m lns right ing and he was referred o the tharee
chnte with © dingnosis of tubcrculosis  Howcver the sputum w1s
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Lic 23Tt | stalogy of e cwncer (1¢ sq1wn aus cell) slown m Fig 22

1cpeatedh vegitive for tubercle bieilh  Moreover on x rty evamt
n1tion no vidence of tuberculosis could be detected n other parts
«f the sun¢ lung or m the contrilateral lang  He wos discharged
fror e s 1sndla Alageocary ee
for

mt

wd chmcil dith were agunst the diignosis of tuberculosts
During a routme x riv exammation of the chest ¢ dense aret
metsurmg about 05 cm m deimeter ws disclosed m the left Jung
(g 21} The posstbility of 1 eancer w1s considered Put m view
of the patient s general condition 1 b hoscopy or
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were contrammdicated  Within the next 6 months the size of the
B T ae oearox

lesion n the wisible as
a roughhy rot nrply de
lineated from The pa

tients complaints remamed unchanged ¢, they refurred mamly
to tus asthmatic condition and to the unnary disturbance He
died 6 months followng the disclosure of the small tumor m the
left Tung  The tumor wis 1 well differentiated squamous cell
wincer {Fig 23) It did not metastasize

Tre 24 —Fenpheral adenocrcinoma with 0o metastses 1w a mile f 63 a heavy
agirctte smoker since adolescence  Fosteroantenor and kat ml views

3 The perpheral type (Ftes 24 and 23) finds its ongm in the mucost
of vturtiry bronchus or a broneluole remote from the root of the lung
T 1ts ewly stiges the lesion may be round or have 2 nondeseript shape
wd m1y be n adenocircinomy or 1+ squimous cell cancer (Fig 26)

“Comn” Lesion ~The solitin (com shaped) round opaque aret ob
scried in the penpheny of the Tung which hitherto had alw s been
considered a mctastass from 1 viseural enecr, was discovered to mclude
primars and metastatic neoplisms as well 1s grinulomts From Table !
1t 1z be seen tht only about 30 per cent of eases are caneers (wsualhy
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penpheral) while the remuning are tuberculoms, fungus disease histo
pl 1 of the L hus, and possibly other diseases not as
yet identifinble  As 1 rule, the lesion 1s located penpherally m the upper
as well as the lower lobes of the night or left lung

In the 1bsence of signs of cancer m other parts of the body (breast,
kidney ) 2 solitary “com leston m the lung 1s a baffing problem which
cn rarely be solved by clmical and roentgenologica] means alone Un

1

Fic 25 —Penpheral adenocarainoma of left lung discovered on an meidental
roentgenological exumnation  (Pattent Fospitahzed for congesthe hewt failure }
Posteroanterior and lateral views  No chnica] evidence of metastases

Table 1 Incidence of Malignant Sohtary Round (“Com } Lesions

Vo of Per
Cases  Vahgnant  Cent
\ahon and Forsee 5o 4 73
Effler Blades and Mark 24 4 19 6
Storey Grand an i Rothmain 40 7 175
Hunvfeldt and Carlson 33 - ’.’l 2
Sharp and hinsella 50 15 23
Fine 30 10 333
O Brien Tuttle and Ferhancy 21 9 429
Harnington 16 7 438
Davis and hepsel o 37 520
Tatal 341 100 293
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hindered the com shaped density (af cancerous) grows larger often
without changng its sphenical shape It s usually discovered mexdentally
during an x ray exanunation

Ap\cal Cancer —Another vanety of the peripheril type 1s the apical
cancer, which anses at the extreme apex of the lung beneath the dome
of the pleurn (Fig 27) It onginates n the mucost of 1small bronchiole

}
&.,\-.v‘\,.‘
RS

Fie 28 —Peniphenil s p imous-cell curcinom <f nght tung | nenmonectonn
aticat well 6 years after peration

and 1s often embcdded 1 dense connectine tsue (fe m a sear) In
the nciprent stiges the lesion 1s seen 1s a densc red at the pulmonary
outlet nd 1s mterpreted as a Tialed tubcreulosis or a thickened pleura
(Fix 28) Inats progress upwrd 1t impinges on the brachnl plesus
compresses and ultimtely m wdes it thus producing the “brichnl plevus
syndrome ™ (A sepinte scction will be devoted to this syndrome ) As
A rule the cmeer s made up of squamons cells but it 1s occassonally an
adenocarctnoma as illustrated m Figure 3§
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Fie 27 —Mucocellular adenocarcimoma of apex of nght lung producing I;rachul
plexus syndrome  The histology of tie tumor 15 shown m Fig
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The clavicle and the upper nbs are usually the first to show metastiic
mnvasion  The tumor has a tendency to cross the medin line and imvade
the contralateral lung as well as the thoracic vertebrie, which cses
compuression of the spil cord
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28§y mans cell carcmoma of left apes prodscng th Track vl phoas
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MICROSCOPIC

In Chapter 13t was shown that the bsal eclls of the bronchtal mucosa
we m All Ikelihood the sol sourct of eaneer of the lung ind that the
vanous cellular tvpes and patterns (ncountered 1 primany Cremoma of
the lung reauhts from the deffercantition of these cdls
ducrentistions, seem to prodominate

1 Squimous ¢pathchal

(@heratmzing () nonkertimzing

2 Adenocireinoma

(a) sunple {b) pipllany () mucocdlulr
3 Lndiffcrentiated

(a) ot ccdl (b) round cell

The followng
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Fic 29 e 30

Tic 29 —Squumons cell ¢ ncer of bronchus with pe it formation

Fic 30 —Squamous cell cincer formmg rosctte hike structures
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Fic 31 Fic 3“

Fic 31 —Squamous cell ¢ ancer mide up of gnt cclls with bizare nucler

kic 32 —Squamous cell cancer with multinuclented giant eclls
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1 The squamous cell cancer (Figs 29-34), found in about 70 per cent
of cases, 1s the most pleomorpluc  The vanitons concern the cellular
morphology as well as the groupmgs of the cells The metastasizing
propensity of the squamous cell cancer has often been underestimated
With few exceptions 1t metastasizes to the lymph nodes and distant
orgwms  As with the other types, the duration of the premetastatic phase
remams unknown  However, it 1s true that it metastasizes much less
frequently to the bran and the bones than daes the adenocarcmoma

BN »‘T‘ﬁ—%ﬁ ST

A T
AN
}\p‘;gix)' G NCY
SRR,

A Ao
‘.\\&‘Sé‘\‘"

o S/,

...m_
e £
ot fis

T h "‘
WA,
i
« Vo
« o

3

v
.
e

g

Tc 33 Fic 34

Fie 33 —Squunons<dll cancer of the bronchus made up of clear culls
Genenulred pulmonnry osteaurthropathy

Tre 31 —Undifferentted squimens-c] evranoms ammnged fn nests separated by
a hne connective twsue stroma

The provalence of squimous eell cancer—particularhy ats ineidence w
the male wlhich is much igher thwn i the female—hns been linked
with the halnt of smolung, ¢, the cwrunogen present m tobacco

mtrinsic (¢ bologieal) factors are no doubt also at plw
In the muyonty of cises the cancer arses i the stem bronchus or
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Fic 29 Tic 30
L 23 —Squimous cell cancer of bronchus with peatl formation

| 30 ~Squsmous celt cincer forming rostte like structures
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Fic 31 —Squamous cell cancer made up of giant eclls with bzt wucles

Fio 32-Sq cell cancer with multmucleated giant oefl
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1 Tl e synamous cell cancer (Frs 29-31) found i bout 70 per cent
of cases 1s the most pleomorphic  The v iritions concern the eddiuhir
morphology s wll as the groupmes of the alls  The metistasizing
propensty of the squmous el cmecr hus often bean undercstimated
With few cxaptions it metastisizes to the lvmph nodes and distint
argns A with the other types the duritim of the prametastitic phase
remuns unknown  However {t s true that it metistasies moach less
frequentls to the brun and the bones 1w dos the aden x iremomn
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Cen 1 170l p Imomicy ost 0wtk roptl y

Fie 31 —Un I rentiated s amo s<eui €37 no 1 aang d m nests sep rated by
afneco nect (ks estr

The preslence of squamous cell cancer—part cululdy its merdence
the male which 15 much higher thin in the femile—11s been Iinked
with the habit of smoling ie  the carcinogen present i tobacco

In the myonty of ciscs the cancer anises i the stem bronct us or



H Classification

one of the mun branches, but it m1y lso find ats ongin w a smaller
bronchus or 1 a bronchiole, thus producing a mudlung or a peripheral
cancer

The squamous cell cancer usually produces massne tumors which
degenerate m the center 1 bout 10 per cent of e1scs and form cavittes
that resemble rcute or chrome lung abscesses This type too yrelds the
poeumonit Iike pattern m which the alveol are filled with neoplastie
cells similr to the celluhir exudate in Jobar pnewmontt In some mnstances
the walls of the ar sics show virtually no chinges while in others they
become thick and fibrosed
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Fic 35
Fic 35 —Undsfferentaated round cell circnoma of tl e bronchas
Fic 36—Unchssifivble squamous cell () cuctaoma of the bronchus

The mnner m which the aur stes become flooded with neaphistic cells
1s not understood  Some observers believe that the cneer cells penctrite
the alveol by the aspiration of tumor cells broken off the mun grow l;l
(1spiritionl or aerogenous metastasws ) others state that the cells rewch
the ur sacs by way of the blood stream through the septal capilnes

It 15 worth noting that a similar picture 1s occsionilly encountered "(\
cases of extrapulmomiry cancer Indeed the process m the Jung 15 ‘x‘
times so extenstve as to suggest 1 blood borne rather than an aspirition?
metastasis
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2 Adenocarctnoma (Fies 37 end 3%) usunlly starts at the penphery of
the lung and 1s made up of cuboidl or column e cells that form acine The
acmt may be composed of one or two rows of cclly somctunes forming
ppilliny projections, (¢, & pypilbin adenocaranomy  In 1 dwge per
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Fic 37 —Papilty adenocarcinomt wath a pttern of a 5o called alyeolurwcell cancer
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Fie 38 —\ucacellular adenocurcinoma of the upper lobe with a pattern
a so-called alveolr cell cancer
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centage of cases the cells scerete mucous  In ats early stages the tumor
1s seen as a single nodule which may persist throughout the course of
the tliness however, m most nstances 1t produces a multiphaty of
nodules which fuse and form a compact lobar growth The papillay
growth 1s apparently more milignant than the smple
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Fic 39 —Oat cell cancer of the lung 4 x ray Alm showing the mediistmal locatwn
‘of the t imar B the histological structure of the tancer
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Of interest 1s the pridommance of adenociremomt in the female n
whom 1t occurs 1 about one-third of all cises of cmeer of the lung
wheres n the male only one sicth are adenocaramomas  As stated
abave, lnolomeal (intrmsic) fictors rather than extrmsie factors (e g,
smoking) are probably at play

Adenocarcmoma has often been distmguished from testmml bronehio
I1r carcinoma {erroncoush termed “ahicolr o1l cineer) i that adeno
cremama 15 sud to form 1 stromt of its own where s termntl bron
chiolir caremomn utilizes the alveolir septa 15 ts stroma - This however
15 not alw s the c1se A termmal bronchiolir eancer Tike other tvpes
often produces 1 chrcterstic stroma which resembles the walls of the
arr saes

3 Undifferentiated These we of tao hindy (a) ot cell (Fig 39) wnd
() round el (Fig 35) The ot el cancer is rem ithablh monomorplue
The cells we umform m size ind shape resembling gruns of outs The
gronth 1y usiills mussve with 1 scnt stromt nd the cddls hve a
tandenesy to form rosctte ke structures The tumor nietistasizes vig
oroushy particularhy to the bones wmd hver but rarchy to the brun - The
round-cell eancer (Tig 35) 15 the term unphies 15 composed of small
round cells with 1 nirrow nm of cvtoplsms and denst stuncd nucles
There ts vittuilly no stromy and the picked neaplstic <ells rcsemble a
Iymphocvtie evudate  This tvpe as rrely encountered 1 hnve obstrved
three eases 10 wlich such cancer wis combined with tubereulosts of
the lungy

The unclassifiable group conssts of tumurs made up of cells which
varv m morphology nd which hwe no speaific pattern The tumors
tend to become missne or lobir and m most ctses show widespred
metastases  Thev are most likely a varicty of the squimous epithelil
cell cancer (Fig 36)

COMMENT

The microscopic or macroscopie chissification of primary carctnomn
of the lung has not vet provided dependible critena applicable to prog,
nosis or trestment In the mitter of ridiation therpy for example
the concept and the methods s well 15 the results have remamed
virually unchanged for the past 25 ye s In the surgical treatment too
what progress his been made 55 duc esscntially to improved technieat
methods rather than to better und ding of the morphol 1 char
acter of the eclls or of the patterns of the tumor

It has been saud that in puimary carainoma of the lung the various types
encountered depend upon the differences m the etiology  Dufferent
types of pnmary epithebal lung tumors ” wrote hreyberg “show special
biologeeal properties mdiertng differences m the etiology and develop
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ment ” The British mvestigator Doll and lus assocrates wrote as follows
“In man a close relationship was found between the daily amount smoked

and the develop of sqp cell but only a shght, of
any, rel. hip with the devel of other histol ! types, prmary
! and t hiolar earcmomas  The results accord closely

with those obtaned m a Norweguan series (by Kreyberg) and they
support the hypothess that histelogical types of tumors mn the same
anatomical site may have a different etwology, a hypothess which 1s also
supported of other sources” This interesting statement, too, 1s as yet
conjectural It 15 of mterest to note the findings of the pathologsts that
cancer of the Jung 1s frequently composed of two types, namely, adeno-
carcinoma and squamous cell cancer  Licbow (and others) ‘meluded
m his classification a “mived type” of cancer, i ¢, a cancer composed of
two patterns  Are there two different etological agents for the same
cancer?

It has becn g 1y d rated that sq cell cancer occurs
with much greater frequency 1 men than 1n women, and that adeno
caremoma 1s found much more often 1 women than 1n men  This has
been attnbuted to various environmental factors and to the effects of
eigarette smohing It has been stated that males develop squamous ccll
cancer because of therr smoking habits, while women—gentrally non-
smokers—are affected mostly by ad (Tax or 1ts prod
which are believed responsible for the g action of tobacco,
mnduce squamous cell cancers m mice)

The Iiterature has contmuously stressed the role of exogenous factors
m the geness of primary carcmoma of the lung, almost ta the exclusion
of endogenous factors The latter are suggested, however, by (among
other things) observations that, cancer of the Jung generally could not
be mduced m mice by the use of carcmogenic agents, although such
agents usually caused cancer at other sites in the expensmental antmals

There secms to be no sustamed connection between the degree of

cellular duffe 1ation and the tend to It has been
found that anaplistic types remain confined fo the lungs, whereas the
d ted types t Takewise, the opmon that the

squmous cell type 15 usually “nfiltrating and 1elatively nonmetastasizing”
has been accepted with reservation

AGE

Bronchiogenmic cancer, Iike cancer of other organs, 1s predominantly
a disease occurnng m middle age and after. In 4,307 cases compiled by
Ochsner and DeBakey from the literature 1,003 {25 4 per cent) occurred
between the ages of 40 and 49 1,470 (341 per cent) between the ages
of 50 and 59 and 861 (20 per cent) between the ages of 60 and 69
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However, the madence of cancer of the bronchus m younger persons,
and even 1 children, has been reported (Table 2}

Table 2. Age Incidence of Bronchiogenic Cancer

Aumber of Cases

Age Males Jemales
90-34 6 4
3339 O 4
10-44 12 13
1549 23 5
30-54 10 n
55-59 5 5
60-64 43 7
63-69 11 [
70-74 13 5
7579 8 2
Q-5+ 3 2
§5-00 3 o
Total 230 [}

STTE

The nght lung 1s more often myohed than the left  Of 4732 cases
collected from the hterature by Ochsner, 2,761 (583 per cent) were
located 10 the right lung, and 1,971 (417 per cent) an the Ift Mocrsch
and Tinney found 241 cancers m the nght lung, and 122 n the left
In cases I have studied, 573 per cent were found on the nght side, and
427 per cent on the left

RACE AND SEX

The incidence of bronchiogenic cancer among the Negro population
of America has been the subject of several studies At the Cooh County
Hospital, Chicago, of 135 patients with cancer of the lung, only 9 per
cent were Negro, although Negroes constituted approimately 30 per
cent of all patients  Rosedale and McKay found 51 white and 6 Negro
patients at the Buffalo City Hospital, and according to these observers,
the figures correspond to the population division of the two races in
Buffalo

At Hines Hospital Ilhnois Sten and Joslin found 154 white and 10
Negro patients  Of the 100 patients who died of bronchiogenie cancer
at the Johns Hopluns Hospital and Baltimore City Hospital, 68 were

4
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white and 32 Negro  There were 62 white males and 6 white females,
26 Negro males and 6 Negro females (Kmg and Ford ).

Halpert, Tripolt, and Holland studied cases from Chartty Hospital, New
Orleans  In the total autopsy materal mvolving Jung eancer there were
5,635 males (2,610 white and 3,025 Negro), and 3,227 females (1,228
white and 1,999 Negro), a percentage of almost 2 to 1 in terms of sex
Bronchiogenie cancer was found 1 123 men (73 white and 50 Negro),
and in 12 women (8 white and 4 Negro), 2 propartion of about 10 to 1

Tripoli and Holland have reported that, duning 2 20% year period,
576,810 patients over 12 years of age were admtted to Chanty Hosprtal
m New Orleans, 321,709 of whom were wlite (157,189 male and 146,087
female) The race madence of 195 patients with broncliogemie eancer,
as gaven by these authors, 1s shown mn Table 3

Table 3 Race Incidence of Bronchiogenic Cancer at the Charity
Haspital, New Orleans

White 130 White males e
Negro 63 White females 14
Males 171 Negro males 55
Females 4 Negto females 10

From this table 1t will be scen that of the 195 cases of pulmonary
carainoma, 130 occurred m white patients (116 males and 14 females),
and 65 m Negro patients (55 males, 10 females) The incidence of pul-
monary carcmoma in white patients at Chanty Hospital, New Orleans,
1s thus more than twice that in Negrocs

At the Unnersity of Texas Medical School, during a penod of 30 years,
a total of 5,264 necropsies were performed on white and Negro persons
over 20 years of age In this series there were 929 cases of mahignant
tumors, an maidence of 176 per cent  Death generally resulted from
the tumor, however, 1n a few cases the cancer was an madental finding
at autopsy Whereas 45 5 per cent of the persons autopsied were Negroes,
only 378 per cent of the cancers were found i Negroes Male subjects
accounted for 687 per cent of the total autopsies, but 699 per cent of
the cancers were found m men  Of tfie autopstes on men, 593 per cent
were made on white men, but 653 per cent of the male subjects with
cancer were white While white women accounted for only 433 per
cent of the autopstes on women, they had 55 per cent of the cmeers
detected in women Thus cancer was more frequent m whites than
m Negroes

In a review of 8,575 cases from the malable hterature, Ochsner and
DeBakey found that 789 per cent were males and 211 per cent were
females  The meidence of the disense n the two sexes, respectuely, is
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shown in Tible 4 The compuson by sex shows that bronchiogenie
cncer 1s more prevalent i the mile

Table 4 Sex Ineidence of Bronchogeme Carcutoma

\ umber of
{uthors Caus Vales Females
preert  pereent
Crver 175 $0.30 970
Inck 12t 8200 17 40
Tred 310 ™NT 2063
Natbert 3% 9110 990
\oersch an | Tinney N K260 1740
Meves o7 oo 3000
Patazzio and Mazzel 100 K00 1000
“huch 13y »100 1600
Stewner 2 97 2063
Tripolt and He llyml 195 K070 1930
Total 2047 A200 1710

Table 5 Aomenclature of Segments

Right { ung Feft fung
Lobes  Segments Labes Segmer tr
Apeal

Apieal Posterior

Upper Pinterior Upper  Antenor
| Antenor | Division
Upper
M ddlefLateral |Lower  {Superor
Tedia Lingular\Inferor
Dnwion
“uperior

“uperor
Anterior-Medint Basal
Lateral By}
{Pasterior Basal

Medial Basal I

Lower Anterior Basal

| Pasterior Basal
Lateral Brsal

Bronchopulmonary Segments ~The customtny clissificition of lung
cancer mto upper lobe cancer muldle Jobe cancer and low er lobe cincer
has become rither obsolete m connection with the newlv adopted part
tion of the lungs into bronchopulmonary segments

The unnerstlly rwceepted division of the lungs mto Jobes was based on
the pulmonary fssures the night lung with 2 mterlobar fissures was
drvided mto 3 lobes and the left with 1 fissure mnto 2 lobes It was
deemed more useful to dwide the lungs into smaller units or segments,
based upon the branching of the broncht  Each segment whose bound
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artes ¢in be delmeated by itrabronchral injection of colored gelatm has
1ts own bronclutl and vasculir component  They are separated by 1
relatively nascular pline  In 4l 18 segments are identified, 10 m the
right lung and 8 in the lett The nomenchture corresponds to the
branchmg of the bronchial tree as shown in Table 5

The division of the lungs into 16 segments instead of 5 lobes facilitates
localization of  lesion  In the event of surgrcal mtervention this reduces
the resection of pulmon1ry tissue to 1 mummum  The segmental division
1s of great importance m mflammatory diseases of the lungs (abscess
tuberculosis bronchiectsts) but has 2 Imited applicition m cancer of
the lung where less than 1 lobe 1s not removed
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Chapter 3

Etiolog)

TiE mtense mterest evinced i encer of the Tung 1s due to its preva
lence as well 1s toats alleged abrupt apperance  The hegh wadencc 1s
unnersally admitted but the statcment that it 1s 2 new disease which
has emerged 15 a result of newly ereted factors 1 disputed The view
was expressed that the immense nise w cweer of the lung registered
the past decades 1s in all kelihood more appirent thin real  Partisans
of this view based their optnion on the followmg promises

1 Cancer of the lung had not been dingnoscd by elimierins of the past
century becruse they licked the dingnostie resources used by modern
physicians such 1s the roentgen rws and the bronchoscope which are
essential prerequisites for armvg at a dignosis These procedures as
15 well known huve been introduced 1 the clime since the begmmnins of
the century which comeides with the emergence of the discase

2 From Lacnnec (1781-18°6) to Roentren (1845-1923) the dingnosis
of pulmonary discases had been based on pareussion and auscultation
alone Today these methods arc considered entirely madequate

3 Until the discovery of the tubercle baallus by Roch m 1892
virtuafly esery discse of the fungs cly od by cough exp
and wastimg—particuludy of blood had been expectorated—hnd been
attnibuted to consumption and pitients were left to ther own fate
(My first paticnts with cancer of the Jung obscrved in the early twenties
came from 1n istitution for cansumptives )

4 Because of the Iek of interest on the part of the el niciin patients
with cncer of the lung rarcly received postmortem exammnation  Then
too the number of pathologten! mstitutes m Ewrope 1s well 25 m
Americn was very Imited there were few competent patholo ists and
microscoprc studies of tissucs were nfrequently pricticed  Lven at the
autopsy table prunary cancer of the lung was considered metastatic
because of the paucity of knowledge that the neoplism anses m the
bronchus  The <rroncous dogma enounced by Virchow that orgns
which are frequently 1 target for metastises (the liver and the lungs)
are only very rarely the sites of primary tumors had been uncritically

accepted  They swort by the word of the Tewcher~in terbo magstr
jurare

5 Of particular significance 15 the vast mcrease of longevity n persons
over 60 and 65 (1¢ 1n mdivduals of cancer age) m the past decadcs
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From 1900 to 1950 the number of persons over 65 has almost quintupled
{Figs 40, 41, and 42)

6 There 15 a multiphaity of other factors (a) a nse m the economic
and cultural status of the population scehing medical advice, (b) facili-
ties m hospitalization, (c¢) enhanced interest in the disease, and (d)
mmproved methods of therapy ~ According to the view of these observers,
it as very Iikely that, wath the recent trends of quasi-umversal health
ewammntions, the disease w)ll contmue to nise for some time to come

LIFE EXPEGTANCY
YEARS

ﬁ N
3 =3
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Fic 40 —Lafe expectancy m 1850 1900 and 1952

7 These observers, too, cite cancer of the prostate as a case m pomt
There were only 83 cases of prostatic cancer reported 1n the hterature up
to 1899 (Creevy) Recent stahstics tell us that carcmoma of the prostate
glind eccurs 1n from 15 to 20 per cent of men over the age of 40 Huggns
attributed 5 per cent of all deaths in men past 50 to carcimomn of the
prostate  Obseners do not hesitate to attmbute the striking merese to
modern methods of diagnos:s, and also to mereased longevity

8 The gence of benign pul y tumors, e g, adenoma, and
“rare tumors,1s cited as still another case m pomt These tumors, swhich
were unk to and pathol of the 19th century, also
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Fic 41 —Pcople over 63 in 1900 and 1952
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Fic 42 —The percent incidence of people over 85—1850 to 1930
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have appeed rather suddenly and are encountered with relatne fre
quency due no doubt to newly applied methods of diagnosis

These views have been challenged by other mmeshgators who have
contended that the nbove mentioned factors were not alone suffcient
to account for the “eprdemic proportions of the merease In white
males pulmoniry cincer rose from tbout 07 per cent per 100000 i
1914 to 4 6 per cent 1n 1933 nd to 22 per cent m 1952 In white femies
it rose from about 06 per cent 1 1914 to 23 per cent m 1933 and to
4.4 per cent n 1952 The number of deiths from pulmonary cancer m
the Umted Stites tmounted to 3410 m 1933 to 21582 in 1952 and to
25000 mn 1934

The opmion scems to prevail that the mounting maidence 15 real
progressive nd ever accelerating

Causes —The reason for the emergence and stendy nse has been
1ttributed to the extensive mdustriahzation miugurated at the tum of
the century It his been conjectured that the newly developed industries
deung with vinous physical and chemicnl agents many of them con
tumng cncer producng factors affect the lungs of persons engtged m
these mdustries (occupational cancer) s well s those who nhale the
ar polluted with the ¢ gens (et 1l cancer) *

That certun occupations are apt to provohe cancer had always been
surmised but Percival Pott was the rst to produce convincing evidence
to this effect 1n 1770 He showed that the scrotal cancer which occurred
n men of middle age or 1 older men s 1s the outcome of the accupation
s chimney sweepers m their teentge years It took 150 years to demon
strate expertmentllv that tar was the igent responsible for scrotal ewncer

CARCINOGENICITY OF TAR AND DERIVATIVES

Yamagmea nd Itchihawy (1918) by punting rbbits ers with tar
induced cancers 1t the sites of application  The ear of the mbbit has
never been obscrved to develop cancer spontincously Smce then tar
has been applied successfully m the causation of eancer of other orgs
or structures 1 different ammals with mice being used most often  The
customary techmque consisted m the appl cation (pamnting) of tar to
several cutaneous reas the applications bemng spaced t short wtervals
Under the microscope the skin shoned excessive regeneration {paptl
lomatous growths) which often but not always culmmated m epithelnl
malignant disease

TAR INDUCED CANCER OF THE LUNG

Moller while studymng the rodents left i the laboratory by his late
chief Fibiger accaidentally discovered that they were affected with

h bl
1 are 1sed

*Tlc terns occupatonal and



Tar Contpounds 5

cancer of the lung  He found that the ammals whose shin had been
punted with tar developed eancer of the fung wistead of cancer of the
skin where the chemical had been apphied  The expenments were e
peited and were corroborated by Murphy and Sturm and by Shabad
\urphy and Sturm conjectured that the tar merely low ered the resistance
of the amimals while the cancer w1s caused by the mhaliton of dust
and other “ymitating” substances  Shibad excised the areas to which
the tar had been apphed before the ppearance of shin cancer which
did not prevent the rodents from deyveloping pulmonary cancer  In all
likchihood the cwemogeme agent pphed to the shan with the tar entered
the systemic crrenlation wd was retuned in the lungs where 1t induced
the mahgnant disease  The expcniments are of intercst in demonstrating
that pulmanary cancer miv be mduced by the appheation of a earcino
genic agent to an arc owtside the lung  They are also of interest
connection with the chimney sweepess cancer  In both the Ihboratory
wimAls and the sweepers the cwrcinogemc substance hd been apphed
to the skin yct an the ammals it resulted 1n cancer of the lung while In
the clumncy swecpers 1t produced 1 cutancous cancer Thre 15 no doubt
that 1 the climney sweepers the carcinogen reached the lungs vt the
systermic airculation as well as by inhalation
It m1y not be amiss to give here the results of the following expen

ment Tar as sad above does not induce cancer in il amimals subjected
to tamng  In many the papilloma (which Wways follows punting)
regresses and mn many others it becomes trested  However af the
ammal with an arrested papillomn s anfected with a virus via the blood
stream the papilloma begmns to grow and hecomes ¢ ineerous

TAR COMPOUNDS

Rennawty Cook 1nd their assocrites demonstrated that the funda
mental compound of many tus 1s anthracene which 15 made up
of 3 benzene mucler (Fig 434 B C) Bv the addition of 1 benzene
nng to anthracene m 1 2 posiion one obtains 1 2 bezanthricene
By adding a benzene nag to 1 2 bezwnthricene m the 5 6 posiion
12 5 6 bezanthricene 15 obtaned (Fig 43D, £)  Pyrene 1s made up
of 4 benzene nucler (Fag 43F) while 3 4 benzpyrene 1s formed by
adding a fifth benzenc nucleus m the 3 4 position (Fig 43G) The last
named 15 one of the most active curemogenic hydroeatbons  Another
powerful carcinogenic hydrocarbon 15 found 1n the methylcholanthrene
a dennative of 1 2 bezanthracene (Fig 43H)

The wsolated and synthetized carcmogenic hydrocarbons are crystals or
powders soluble in ails fats or benzol respectively They are 1dmms
tered n solution subcutwneously mtravenously mtripentonenlly orally
or as n the case of tar they are pamted on the shin  Wath the dose
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currenth emploved mctlnIcholnthrene (chermenlly closcdy related to
bile acds) nd cholinthrene require about 4 months and 1256
dibezanthricente 1bout 7 months for the development of 2 tumor i 1
mouse the amm1l chosen for the evperiment

Lxperimental Lung Cancer =By use of these and other substances
pulmoniny tumors could be wduced 1 mice almost at will  In stran
A muce (which are normalls susecptible to pulmon iy tumors) tumors of
the lengs were mduccd 1n 90 per cent of the anmals withm 4 months
bv mtratricher] injection of 01 mg of 125 6 dibezanthracent ar
methyIcholthrene By usings the mitravenous route puimonary tumers
developed 100 per cent of nnce of the samc strun A (Andervont)

The oxpenmental studies have disclosed 1 host of interesting dath
which hne reveled that the munine tumor 1s 1 neophsm sui generis aind
15 not redated to cancer of the lung in mm - Some of these findings my
be briefly restited

1 It his been ostablished that tumors can be produced m the lungs
of mrce by 1 v artehy of substinees such 15 polyeythe ydrocibons 2o
dves mtrogen wnd sulfur musturd roentgen rys and usetane  The List
2w iter soluble subst mec cruscs tumors an the Jungs only

2\ tumor of the lung can be produced followmg the rdmmutration
of the caremogen at 1 vanety of sites e, subcutanconsly mtrapen
toueally or orally  Inother words a tumor mav anse at a distance. from
the site of applicition of the ewranogen

3 A lung tumor ¢an be produccd with greater < 1se m ammals naturally
predisposed to the development of the diseisc than o those that are
niturilly resistant which implies that 1 hereditary factor plys noim
portant role

4 A lung tumor m7y arse fter 2 brief expasure to the circinogen  In
occypitional buman ¢inecr the exposure 1s usually protracted over yetrs
wnd there 1 a long mter 1l between exposure nd the development of
cancer

5 The tumor agnt e be transmitted vin the plicenta I uretane
1s admmnistered to 1 pregnint mouse and the offspring 15 removed from
the utcrus one ! our iter it wall develop 1 pulmonary tumor later i life

& Preces of lung from susccptible and resistant inbred strams have
been implanted subcut incously mto I' 1 hybnds denved from the strams
When a careinogen 15 wministered to the hybads tumors develop 1n
the b ng tissue trapsplanted from the susceptible strams but not in the
tissuc from the resistant sram

7 Embnonic lung tissue from ‘half term mice was mmpregnated with
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tory mice turned cmcerous  When a single crystal of methylchohn
threne was used for the mpregnation n ¢prdermord ercinom appeared
within 30 to 40 duss thit was metwstatic trmsferable wnd hetero
logously transplntible It differed however from human cancer in the
abundmnee of keratmization (Green)

In wicw of the ese wath which ewncer could be produced by the
use of embryonte pulmonary tissue impregnated with 1 venfied carcmo
gen (methylcholwthrene) Green employcd the impregnition method to
test other Allegedly ciranogenic substinecs  Thus msted of the poly
cyehe hydroearbon he impregnated embryomie lung, tissue with sbestos
berylum wd v arious prod of tobteco N expenments and
pratricted obsers wton fuled to disclose cwicers m the expersmenta]
wunils  In other words the careinogeme propertics of the substances
mentioned above could not be demonstrated

The histogenesis of the munne pulmoniry tumors remuns unsolved
Some bcheve that they ongmate n the alveohir cells others sty 1 the
bronchnl epithehum nd still others clum to hwe triced them to both
the aheohr cells ind the epithelinl bronchinl cells  As stated 1 mn
primary cancer of the lung ongmn tes from the cells which hine the bron
chnil mucost

Grossly too humin nd murne pulmoniry tumors ire dissimilar
Caneer of the lung m mn ongmites m one pamt (umeentre) m the
center mudzone or prophery of the lung whercis m mice the tumor
wses synchronously m v multiphiaty of plices (multicentric) prefecably
subpleurly  The tumor usually ss scattered throughout both pulmonnry
Relds

In summany the consensus of opmion 1s that human and murine cancer
are hologrerllv different discases Pulmonary cncers of mice have s yet
failed to shed heht on the etiology of cancer of the Jung m man

LUNG CANCLR IN THE HUMAN

Some abscrvers view cancer of the lung as put of the problem of
mabgnnt disewse and consider tht its ctiology will not be solved unti}
the final solutron of the whole problem is at hand  Others regard 1t as
~ problem mn stself mtum-tely Iinked with the modern ert of mdustral
1zation

I have quoted (p 57) the work of Pott concernmg the ettologmcal
1elitionship between cancer of the scrotal shin and occupation {environ
ment) Etximples of occupational cancer have since been multiphed
Cancer of the bldder in the aniline workers and pulmonary cncer it the
Schmecherg miners are of particular mterest

Antline Cancer of the Bladder —It has been obsenved that worhers
evposed to 2 Naphthylamme or benzidime develop encer of the unnary
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bladder with considerible frequency  The morthty rate from cancer of
the blidder at the begmmng of the century w1s 13 to 15 per cent of the
total deaths from cincer  The present lagh incidence 1s the result of the
exposure of workers to the chemical

Cancer of the Lung m Schneeberg Mmers —The high rate of deaths
from pulmoniry diserse mong the miners of Schnceberg Germany
and of Jachvmov (Joichimsthal) Czechoslovikin has been known
for centuries  In fict 1t goes back as fir 2s the 16th century at which
fime 1t was noted that a grext number of mmners of the two Jocahibies
contracted 1 fatal discase of the lungs after hwing worked m the mines
for some yeus In a certan percentage of cases the diseise appcired
several ye urs after the mimers hid been m retirement

The nature of the discase remuned obscure until 1879 when the
noted pathologist Carl Wegert diagnosed 1t as lymphosircomy  How
ever when the diagnosis was revised m 1922 1t was concluded that at
wis a bronchiogente carcimomy  Investigation revealed that of the 600
to 700 mners 32 died annually and 24 or 75 percent succumbed to
bronchil cancer It was further ascertamed that the percentage of lung
tumors for the vears 1875-1912 and 1903-1912, respectively was 41 and
44 per cent  In 1930 I ange found that the percentage was even higher
from 60 to 70 per cent

The Jachymov (Jorchmmsthal) mmes bout 30 miles from Schneebers
so have been known for centunies to yild 2 high mortahty owmg to 1
disease of the Jungs  As m Schnecbery, the symptoms of the malady
were chronic cough blood stre1ked sputum pun 1n the chest dyspnea
and gradual decline culmmating in death  Agam as m Schneeberg the
diseasc often mamfested stsclf yeirs after the mmer hid begun to work
10 the mines and not infrequently years rfter lus retirement

Despite the short distince between Schneeberg nd Jachymov and
despite the stmilarity between the symptoms of the diseases m the miners
of the two localiies the pulmonary condition m the Jachymov workers
remarned unknown until 1929 when Lowy 1dentified the first case as a
bronchiogente cancer  In the following 2 years 18 new cases were found
m 25 men that came to wtopsy  Those with cancer had been engaged
1n the Jachymov mies from 14 to 23 years A number of them had died
anywhere from 1 to 27 vears {nsually 6 f0 O years) after Jeasmg the
mnes  While i Schneeberg the diagnosts up to 1922 was lympho
sarcoma m Jachymov up to 19°9 1t was tuberculosis

That the pul v tumors were etiol lly related to the occupat
i the mmes was apparent from the fact that the population of the sime
districts not engaged m the mine suffered from bronchial cancer to 2
much lesser degree A trait proper to occupational cancer m generil
namely a long “pause between the mitial engagement m the offending
trade and the mauguration of the cancer was bkewsse charactertstic




62 Ltiolegy

of the Berghrankhext (as it was called by the muers) m Schreeberg
and Jachymov It 1s also typical that bronchiogenic carcinoma often
developed 1n muners several years (6 to 9) after their retirement This
too 15 drstinctive of anthne arsenie and x riy cancers

Swnce the opening of the mines m the 16th century copper, 1ron, sibver
cobnlt arsenre, bismuth and nickel has been mined In the htter put
of the 19th century pitchblende (used 1 the minufacture of uranum
dyes) wis mined especially m Jachymov  In 1903 the manufacture of
radium was started in Jachymov and from that perrod to 1925 26 grams
of radium element had been produced Curne obtamed ridium from
puitchblende secured at Jachym

The particular agent responsible for the bronchial cancer i the mners
has been the subject of numerous mvestigitions with conflicting results
The prevatling opmion howeser 1s that it was rrdon found 1n abundance
m the mines  Other factors were suggested as well such s pneumo
comiosis produced by the dust arseme and possibly heredity  The mines
had been operated for hundreds of years and the mmers have alnays
Iived an isolated and segregated life frequently ntermurying (1n
breeding}

It was conjectured that the radon acts on the lungs not only through
inhalation of ridium emanation but also by wry of absorption through
the skin  That workers engaged n the radon industry are hable to de-
velop malignant disease by ingestion mhalation of the novious substance
and 1lso possibly through other avenues has been demonstrated m the
case of workers at the American Luminous Dral plants where osteogenetic
sarcomas were found 1n 7 women 20 to 30 years of age employed m
that industry from 1 to 4 years  As the workers customanly pomted the
brushes contammg the lummous pamnts by drawing them between their
fips 1t was assumed that ingestion of the substance rther than its mhala
tion was responsible for the mauguration of the milignint disease of
the bones

Why the bones and not other organs were affected his not been fully
explamed  In this respect 1t 15 of mnterest to note that the reason for the
scrotal locahzation of the cancer in the chimney sweepers or of the urmary
bladder n amlne workers 1s not entirely clear for it 15 known that m
the chimney worlers not only the scrotum but the entire body 1s thickly
covered by the soot (concentrated pitch) whie n the anthne workers
the dye penetrates mto the body through mhalation as well as by absorp
tion through the skin The hidneys or the ureters have not been known
ta develop cancer or to be otherwise affectes

In 21l hkelhood there evsts a susceptibity sut genens of different
organs and tissues to malgnint disease  Thus 15 apparent 1n the lower
anmals  Rats for example frequently suffer from sarcoma of the hver
which anses m the wall of a fagnia eyst whereas mice suffering from the
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sime diseast rarely develop sarcom1  Also mammary cancer 1s very fre
quent m mice while rats are susceptible to carcimomn of the uterus yet
hardhy cver develop cncer of the breast

W hatever the wenue of entry 1t seecms reasonably certam that radon
was responsible for the cancer of the bronchus in the Schneeberg and
Jichvmos muners *

These observations served s 1 startng point an the nenmmation and
scarch for environmental (occupitionil) circimogeme ents which might
huve becn responsible for the sudden apperance and ripsd growth of
cncer of the hngs

CHROMATES

Chromntes are regarded 1s caremnogeme for the lungs  Chrommum nd
its compounds are obtuned from chromite are which 1s 1 mixture of
ron and chrommum oudes It has 1 valnce of 2 3 and 6 and forms
both chromum salts and cliromates

Chromtm 1nd ats compounds have been uscd for the control of corro
sion m vanous types of reticulating water systems i the manufacture
of dry el bittenes matches ¢xplosnes an fur and leither dyemng in
bleaching of fits and auls as reagents in the chemictl industry 1 electro
plating of metal patts as well s m the mnufacture of chromium pig
ments dye mordnts for twnning of ndes amhne dyes colored crayons
colored paper colored gliss and many ather objects

The hexavalent compounds such s sodium dichromate (N1 Cr Oy)
considered the most actine chemically and Wso the most widely used 1o
mdustry are additionally regirded as the most injurious 0 terms of an
oceupationtl health hazard  The compounds are apt to induce systerme
intovicition  perforated septum  chrome ulcers and chrome dermntibs
Thev act as 1 corrosine on the sk and mucous membranes of the upper
respiratory tract  The most chirictenstic kesion found m chromum
workers consists m uleeration and destruction of the nasal septums  The
uleer s caused by whalation of mists or dusts contuning chromates  In
a study of 285 workers 10 a chromum chemrerl manufactuning plant
Edmundson found 61 per cent with perforatcd septums and 695 per
cent with uleers or scars from heiled ulcers  Cutancous ulcers are formed
when the chrome 1s mtroduced under the skin by way of a fissure of the
tegument  The ulcer 15 usully indolent and heals with the formation of
a charactenstic sewr Mo case of malignant growth has ever been ob
served 1n the ulcerated are1s whether 10 the active stage or at some
future time

In 1939 Alwens and Jones reported 17 cases of pulmonany cancer found

“It has been sugge ted tlat tle p ! onary cancer poss1ly was caused by a con
b nation of several carcinogens includ ng arsenic
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m workers engaged 1 a chrome plant mn Germany They referred to
Lehmann, who reported 2 cases of chromate-Lungenkrebs observed m
1911 and 1912, and to smgle case reports by Kolsch and Telehr No

findings of fi have been published since
In America, Kotin stated “While httle question exsts as to the m
creased pul y-cancer it d with exposure to chro-

mates,” no less an authonty than Machle wrote Extensive epidemologic
studtes will have to be done before any carcinogemc hazard to handlers
of chromate products can be considered as more thin suspicious”

Bistrup d 724 employ 1 the chromate-prod mdustry
1n Great Britain by mass radiography, and found only one case of cancer
of the lung

In Summary —Evidence hitherto adduced that chromates are carcino
genic, and that they have played a role n the “epidemic’ of cancer of the
lung, 1s unconvincing

ARSENIC

Hutchinson 1s credited with the first report, ;n 1888, on arsencal
cancer of the skin  The development of cancer of the skin m persons
exposed to the chemical 1s preceded by a protracted perod of arsenicrsm
The systemic disturbances are supenmposed by a patchy mel. (hy
perpigmentation) of the skin dermatitis, and seborrhexc keratosis, the
last regarded as a precancerous manifestation It also has been observed
that, 1 mdmduals exposed to arsemc who also suffer from psonasts
cancer will develop m the psorratic plaque It 1s contended that the
cutaneous cancer 1s caused by ingestion of arsemc and not thmugh
contact  Ingested arsemic 15 depostted i the skin and its appendages,
and 15 evcreted with the unne

Smular to other occupatronal cancers, arsenical cancer of the shin de
velops after a prolonged exposure, and even many years after exposure
The mterval between the exposure and the appearance of cancer vanes
from 3 to 40 vears, an average of 18 years Kennedy stressed that
arsenical cancer has a special affinity for the fingers and toes— 1n contrast
to tar, pitch, and shale oil—which have a predilection for the scrotal
skin the head, and the neck

While the shin has been shown to be susceptible to the caranogenic
action of arsenic, the lungs as yet have not been found to be affected by
the chemrcal

Claims that many other varretes of metallic dusts and fumes—beryl-
lium, copper, lead, 1ron, mercurv—are carcmogenetic have sumdarly not
been borne out on close scrunmy  Evidence thus far adduced has turned
out to be "con)ectural, madequate or negative ”
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ASBESTOSIS

Asbestosns 1s a form of pneumocomosis caused by the mhalition of
asbestos dust  The mdustry mvoled 15 engaged i the manufrcture of
asbestos textile producimg msulated mattresses brake lmungs  fireproof
curtuns and clothing  Approvimately 20000 sorkers are so employed
both mn this country and Cinada

As 1 rule the disease 1s tolerted for many years with mild symptoms
but occasionally 1t 15 senous particularly when complicited by another
diserse

Asbestos 1s 1 hydrate magnesium silicate which gives off 2 dust i
the process of mimpulition It consists of frigments of fibers and small
prticles of rounded or angulir shaped needte like dust particles  The
“needles” vary 1n size from 10 tol20 microns The smaller prrticles e
usully rccommodated 1 the Alveol: but the lwrge ones become lodged
m the ur sacs and termmal bronchiales  In the reiction to sbestos dust
there occurs a remarkible formation of cunous looking golden yellow
segmented structures (asbestos bodies) which are probibly produced
from a substance absorbed by the “needles” nd corgulated s 1 gel
The asbestos bodies are slender elongated segmented structures with
bulbous ends assummg a dumbbell or a4 drumstick shipe  They etn be
found m smewrs of sputum s well as m the pulmonwy tissue After
fixation m formaldehy de

The asbestos dust 15 phagoeytosed by macrophages to t much Jesser
degree than sihicy The tvpe of reaction depends on whether the “needles
are of a lrger or smaller size It usuilly comsists of 1 production of
fibrosis around the termmal bronchioles a thichemng of the alveofar
septa and the formation of nodulations  In the more advanced stages
atelectasis and bronchuectasis occur - The lungs have « veiled or ground
glass appearince generally confined to the lower lobes while the upper
lobes show emphysema comphicated ocersionally by volummous bullae
which at temes rupture inducing spontineous pneumothorax

The concept that 1sbestosis 1s carcmogenetic and apt to cause bronchio
geme cancer hs dated back to the mud thuties  In 1943 Wedler found
14 cases of pul 'y cancer bimed with ash mn 92 psied
persons with asbestosts an madence of 15 per cent In Englind the
Chief Inspector of Factones reported that from 1924 to 1946 the diagmosts
of ashestosis was mide during life or at autopsy in 226 cises In 31 or
m 132 per cent of the cases cancer of the lung was found  Twenty two
of 128 males m this group (172 per cent) and 9 of 107 ferales (84 per
cent) had pulmenary cancers

In 2451 autopsies performed at the Queens General Hospital New
York City Holleb and Angrist found 401 cases with cancer (1635 per

5
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cent) of various organs  [ifty-mne of these, or 1471 per cent, were
; hiog, and 2 were combined with ash

In 4,137 autopstes performed at Yale Medical School from 1918 to 1938
Homburger found 45, or 108 per cent, with primary cancer of the Jungs
During the same period a diagnasis of asbestosis was made 8 trmes  Of
the § cases, bronchrogenic cancer was found 4 times It s of interest
to nate that of the 17 cases with silicosis, only 2 cancers were discovered

Cartier, 1n a study of 120 patients w1th asbestosis, found that 12 had
dred of pulmonary tuberculosts, 17 of cardiovascular diseases, 2 of bron-
chopneumonia, 1 of an unknown cause, and 6 of carcimoma of the lung—
an medence of 5 per cent

The role of asbestos m the nse of pulmonary cancer was based on the
following

(1) The combmation of the two diseases had been found so frequently
as to be regarded as etiologically related

(2) A high madence was found m vwomen—84 per cent In
Merew ether's series of 31 cases, 1t occurred in 29 per cent, and in Gloyne's
series of 17 cases, 1 41 per cent

(3) The cancer was usually found in the lower lobes, which 1s also the
seat of choice for asbestosis

It 15 of interest that 1 the past 20 years, 60 cases of this combmnation
have been reported by as many as two dozen authors, which 15 indicative
of the ranity of the disease  Cartier, who found 7 cases of cancer of the
lung 1n 120 persons who died of asbestosis, stated that he found among
the employees n the asbestos industry 7 more paticnts with pulmonary
cancer who did not hnse asbestosis  Moreover, a general survey of all
the umployees 0 the mdustry thd not seem to “mdicate cvadence of a
causal relationship *

Data thus far accumulated are msufficient to include asbestos ths
class of carcimogenetic agents which played a role m the “epidem:c
spread of cancer of the ung

SILICOSIS

When chemically pure sihea ( £0,) dost particles wich do not
exceed 10 mucrons 1n chameter reach the pulmonary alveoh, they pro
vohe a cellular response not unlihe that of virulent tubercle bacillt  The
cells normally found i sparse numbers on and withm the walls of the
air sacs begin to “mell’ n size and number, detach themselves from
therr sedentary seat, and avidly phagocytose the silicous particles  They
often gorge themselves to such an extent that their cytoplasms burst from
the load 2s well as from its toviaity The hberated particles are then
prcked up by newly arnved voracious macrophages, which mn turn ex:iher
succumb from “indigestion” or carry their load to hilus lymph nodes
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They alsa 1gglomerate In sitw to become transformed into Bibroblsts
(densely piched macrophages usunlly undergo such 1 metamorphosts )
ultimately becoming calefied and hyalimzed A “npe” siicous nodule
ardmnly 1hout 6 microns m divmeter 1s thus mde up of concentrically
arranged dense fibrous nd hyalinized tissue with a calofic center and
At the perphers  fbroblasts lymphocytes and cubon pigment  The
firm nodules hhe gliss bewds are dissemmated throughout both pul
monic fields first m relition to the pomts of division of the bronchial trec
and Inter diffusely  In some mstances due to superimposed mfecton or
to atelectasis the nodules form massive agglomerations which produce 1
radrogriphic shidow imitating bronchiogenie ciremoma  The dunaged
parenchyma carnes with it changes 1n the bronchnl tree s evidenced
by bronchiolits obliterins and by bronchicetasin but precancerous
changes such as metrplasia or excessive proliferation of epithehal cells
are rarely observed

In the opmion of Anderson and Dibble 2 group of pulmonary cancers
. 1 . o1 LR

gested primary pulmonary cancer 3 of them an maidence of 005 per
cent  Of 1357 cases studsed at the Trudeau Sanatorium at Swranie Lake
only 1 case of pulmoniry tumor was diagnosed  Of the 14 230 cases m
which silicosis was not present only 2 presumptive pulmonary tumors
were noted

The statistics 1 1sed on roentgenologicl evidence was supplemented
by necropsies from 3739 cases collected from the available Lterature
and 178 from thewr own liboratory There were but 32 cises mn the
combined senes showing primary mahgnant tumors m the lungs wlich
suggests an average mcidence of about 8 per cent They reached the
conclusion that inhaled dusts cannot be considered as etiologienl factors
1 the development of primary of the lung

Kennaway and kennaway stated that the factors which lead to silico
sis appeas not to be 1ctive 1n producing cancer of the lung  The view
of these observers has been untversally accepted

AIR BORNE CARCINOGENS

Even if one 1s to accept that the above enumerated mdustries provide
carcmogens the hmited proportion of the popul:tion engaged m those
mdustries would not be sufficient to account for the epidemic of pulmo
nary cancer mvolving town and country  Another possible source was
therefore explored namely the air The 1dea that the air contains cancer
inducing substances was based chiefly upon (1) the fact that modern
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mdustrialization 15 confined essentially to lrge urban centers and (2)
the observation that the epidemic affected the urban population to a
greater extent than the country dweller

The suggestion that the sudden emergence of cancer of the lung was
posstbly due to circmogens which “hover over the face of the erth”
ongmnnlly was mentioned by continental physicians 1n the early twenties
The Swiss chinieinn Stachelm and others menmmated tar (used exten
stvely in pamting ronds) gasolme and other substnces used by motor
vehicles s probible ciranog, ducing bronchiog cancer Mice
were cxposed to coal tar fumes from the echausts of automobiles other
rodents were punted with tar or gasolme but the expermments were
meonclusive or negative  The theory was further mvalidated by the
fact that eancer of the lung showed a nise in countnes where tar had not
been used for punting roads

To be sure the experiments of yore werc rither rudimentary and could
not be fully relied on  In recent years the following sources were ex
plored (1) vehiculir exhausts from gasolme and Diesel engines (2)
mdustril effluents from varted sources hydrocarbon emussions from
petroleum refining and distnbution mstallations  (3) effluents from
home wd commercral memerators (4) soot and other hydrocarbon
emisstons secondary to commercinl production s well as utilization of
carbon blacks conl and petroleum tars (5) metal fumes and dusts from
steel  Atmospheric samples from the allegedly polluted air were col
lected tested qualitatively and quantitatively for the presence of carcino
gens 1nd the solutions of the extricts were applied to mice by pamnting
therr backs m the customary manner  The Herculean labor which these
invest gations have consumed can only be conjectured they cannot be
adequately reviewed here  Suffice 1t to sav that as yet they have not
provided sufficient dat to ncriminate aerogenous carcinogenic substances
m the epidemic” of lung cancer kot wrote “It 15 agam suggested as
A reasonible possibility that the numerous unanswered questions rela

tive to the causes of the increasing frequency of lung cancer are more
¢ the atmosphere rather

capa
than not advanced beyond
the
BACTERIA
The association of bacterna des and helb hs with malignant

tumors has been reported on many occastons nd the belief w1s
expressed that 1t was etiological A stnking example was produced by
Fibiger who attributed the ongm of cancer of the cardia of the stomach
m rats to a nematode Gongylonema ncoplastica  Another evample has
been cited m cancer of the unnary bladder m persons mfested with
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bilharza (Schistosomum haematobium)  Swmlar agents hwe not been
inenminated in the geness of pulmonary cancer

The Tubercle Bacillus —\ycobactertum tuberculosis was probibly the
only microorgimsm which hid been regirded as ciremogenie for the

became excessne and mahgnint others believed that the role of the
tubercle bicillus was etiological

The concept that hochs biaillus 1s ctiologically related to encer of
the lung w15 expressed independently by von Hansemann and by Ewang
who stated m wirtnfly wdenticnd terms that the “chief ctiologie factor of
cancer of the lung s tuberculosis ™ Nuther of these pathologists pro
duced chmeal epidem ological or expcrimentl evidence

Some observers espressed the op nion that cancer of the lung and
pulmonary tuberculosis re antagomistic or mutually exclusne  This was
not borne out by other observers who found the combination of the two
diseases 1n 1 considerable number of e1ses  They obsersed 3t (1)
the same Jung {2) m different hungs (3) 1 different Jobes of the same
lung and (4) in the same lobe  While mn the first theee eventualibies the
association wis m all hkelihood aceidental m the fourth—where the dis
eases collided 1 the syme lobe—n etiological possibility could not be
blankly dismisscd  To be sure Rhochs bacillus 15 bv no mewns carcino
geme  Howcver the malignant discase usually develops m weas of 2
long standing fibrotic tuberculous lcsions  In persons with ~ chron ¢
productne tuberculosis there occurs an chive response of tissues by
repair te by regeneration of epithehal structures which occasionnlly
undergo a malignant transform tion

While the role played by bicteri in caranogenes:s 1s to 1l apperr
ances nil that of viruses 1s apparently of sigmficance

VIRUSES

Virus Tumors —A tumor 1s considered of viral ongin when 1t e be
transmitted from ammal to ammal by a cell free filtrate or when
moculation s followed by the formation of specific mtibodies

The 1den that 1 neoplustic diserse may be maugurated 1y » virus dates
back to the past century but evidenee was Iiek ng until 1910 swhen Rous
succeeded i transnuttng a tumor sarcoma) from one clucken to another
by a cell free filtrate which was behieved to harbor the ncttmg virus
In recent years Rous and his associates have been able to induce ctncer
m rabbits by injecting acellulir solutions obtaned by fltrating tumor
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tissue through cell tight filtrates the Kltrate presumably contammg the
virus

In 1931 Shope found a large number of wild cottontad rabbits 1n the
Middle West affected by small, multiple, papillary fibromata The ap
parently benign tumors were transmitted to the wild cottontail rabbit
as well as to the domesticated rabbit by moculating them with tumor
tissue {grafts) or with filtrates devoid of cells It was sigmficant that
while the papilloma i the wild rabbit generally pursucd a bemgn course,
m a large number of cases 1t became cancerous 1n the domesticated rabbit
The ammal bearer of the tumor developed speeific antibodies which
mcreased with the advance of the growth, and which protected heilthy
rabbits against moculatton  Similar to viruses, the causatve factor
possessed an affinity for certaun cells (¢y totropism), such as the epiderms,
producing an epidermoid carcinoma of the shin

An epithehioma of the rabbit® which could be transmutted from anmal
to ammal by grafts alone (and not by cell-frec filtrates), was found to
manufacture antibodies which increased m amount with the advance of
the tumor  The pathol Luké d that a 1 of the
hidnes, which he found i the swamp frog, was caused by a virus A
variety of tumors and leukemias n fow] have been demonstrated to be
caused by viruses

The role of a virus m experimental tar cancer was pomted out m
recent years  As stated 1 the carly paragraphs of this chapter, the
repeated application (punting) of tar to the shin of rabbits leads to
evcessive proliferation of the epidermus forming papillary outgrowths,
which then exther develop mto cancer or disappear (heal) of the tarmng
1s discontinued  How ever, 1f the antmal 1s infected with a virus (1solited
from the papilloma of Shope), the mfection usunlly concentrates in the
arca pamted with tar, and the asrested and mnocuous papillary growth
almost abruptly assumes a mabignant course, soon appeanng as 2
squamous ecll carcinom?

These and miny simlar observations have gnen prommnence to the
idea that viruses play an dmg role m Indecd.
some abservers hold the view that vsruses are possibly the single factor
cansing caremoma  They bebese that man probably contracts or hirbors
carcmogemc viruses, which act m “cooperation” with hormones, chenmcal
and phvsical agents parasites and nematodes, respectnely Rous, an
exponent of the virus theory of cancer, believes viruses to be “the nerer
cause of cancer the ‘only carcinogenie agent known to produte
tumors by direct action, for other carcmogenic substances act indrrectly
by mducing a prelimmary chromic inflammaton (irntation) which only
ultimately undergoes a malignant metamorphosis *

*Named Brown Pearce cpithelioma, after the pubologists who fust described it
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While in Jower amm ly some spontwncous mih.rnant tumors hive been
comvmemgly shown to be cwsed by viruses in mn no mstances have
s yet been observed  None of the traits chiaractenstic of virus carcrmomt
his ever been noted m broncluagente cancer

TRAUMA

Two 1spects of the chological relationship between triumt and cncer
have been anvestigated nameh (1) the ol of trauma m the mitrnon
of cincer and (2) the alleged tendency of metastises to settle by pre
dilection n traumatized 1reis

Trauma as Caremogen ~The literature contains clinieal reports which
tend to sustan the concept that trauma to an external organ bas Ied to
the development of cancer  From 1 legal point of vicw the problem 1s
of puticular significance because of the many Lg thons mmyvolving clums
by wjured persons seching compensation an the grounds that the alleged
triuma mnduced cancer  The questiop was dealt with m some detail by
hnot and Ewmyg, and recently by Prck  In an extensive review Ewiog
quoted a number of cases n which the rhitonship between trrume nd
cancer appeared at first glince to be tnass ultble but after a competent
mveshgation was disproved  The daty provided by the patients were
usually misleacding, 1nd 1t wis often possible to scertun thit the tumor
rose prior to the traumatre mexdent  “The presence of an unsuspected
tumor ” wrote Exmg  tends to bring about the occurrence of injuries 1t
t tumor beanng area nd to mtensify the subjective symptoms and loc
effccts of the mjunes  Ewmg defnes this phenomenon s traumatie
deternumsm ™

In the past sarcoma was tinbuted to a sin e trwmatic msult and
gant cell tuniors of the bones were clumed to be c1used by mjury These
assertions have since been refuted It has boen demonstrated that such
tumors are rclated to the disturbinces m the function of the pirathyrord
glands  Chnical reports claiming that emcer of the luny resulted from
 single traumn to the chest could not be sustuned  Sinulrly tttempts
to produce tumor in anunals by trauma hive not been successful

The suggestion his been made that triumy may phy the role of a
cocarcimogen It his been shown that when ammals treated by a single
imitating appheation of a crcinogen are subscquently subjected to re
peated nppheations of 1 noncarcinogume ymtant such as croton o} 2
squmous caremom: will ensue It has been stated that suboptranal
exposures to carcmogeme bydrocirbons scnve s an mtiating phase by
converting, some of the cells 1 the skin of expermmental ammals to 1
preneoplastic condstion  Some observers hive mamtaimed that follow
mg this stage of “precrrcinogenesis” or “mitition” nonspectfic agents
such s wound healing crotor oit frcezing with cwrbon droude snow
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and mechanical imitants play an “augmenting” (cocarcinogente) role 1n
bringing out neoplasms of the sk It has been surmised that a single
trauma may possibly play a similr cocarcinogenic or “augmenting” role

Be that as 1t may, cases where tumor develops following 2 trayma
should be imvestigated with the utmost thoroughness It should be
determined whether (1) the trauma was authentic and adequate, (2}
the part affected by traumi was prestously normal, (3) the tumor
oniginated exactly at the pomt of mjury, {4) a reasonable length of hme
intervened betw cen the mjury and the appearance of the tumor, and (5)
a positive dragnosis of the nature of the tumor was made Furthermore,
a detatled and occupational lustory of the patient should be talen to
determine if cocarcinogenesis might have played a role

Trauma and Metastases.—In Chapter 6 it 1s stated that metastases have
a predilection for some organs or sites Some observers argue that a
traumatized area 1s a pomt of predilection for metastases

The role of mnjury m the fixation of bactent or wital dyes has been
noted on various occasions  For example, the scarification of the skin
of rabbuts mfected with tubercle bacills will induce tuberculides at the
site of the scartbcation esen though the shin does not normally become
infected, not even mn the advanced stages of tuberculosis 1 have also
noticed that in rabbits mfected with tuberculosss, tubercles will appear
at the pomt where the ear had been prerced by a wire used for the
attachment of a tag  Swmlarly, wital dyes (pyrrol blue or trypan blee)
injected into ammals will concentrate predommantly m an area of inflam-
mation, because of changes in the vascular permeabality produced by the
inflammatory myury .

The role of myury 1n the localization of metastases h1s been the subject
of expersmental mvestigation  Jones and Rous found that the mjection
of a suspension of mouse tumor mto a healthy pentoneal cavity 1s not, as
 rule, as ful i prod as a sumlar mjection mto
the subcutaneous tissue  They found, bowever, that the resistance of
the pentoneal hning can be largely, if not completely, ahohshed by 2
preliminany mjection of a mechanical imitant They placed aeselgubr,
glass rods, or tumor cells in the perstoneum of many mice, and found that
there was a considerable tendency of the injected tumor cells to become

pl d 1 the ing tissue sur dmg the foreign mterrad
They believed that the regenerating tissue in the areas of inflammation
was more apt than normnl healthy tissue to provide a stroma necessiry
for the implantation of the neoplastic cells ~ Saphir and his associates
. e e i £ momlnemnnhameal wetation {1 trauma) on

with
earce

epithehoma)  In no mstance were they able to find tumor i tie arets
of rntation
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It may be seen that the rolc of traum in the locahization of metstases
remuns unsobved Itis however, almost universally accepted that 1 single
trauma plays no role m the imtiation of cancer or in the Tocalization o
metastases
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Chapter 4

Etiology (Continued)

SMOKING AND CANCER OF THL LUNG

New Hazards —There are about 1600000 deaths m this country each
year Of these 25000 or 15 per cent of 2l deaths and 10 per cent of
all cancers are due to cancer of the lungs There are 8 times as mny
deaths from cancer of the lungs todty 1s there swere 20 years 2go Accord
g to statisties no other type of cancer 1s mereastag so fast s lung cancer
Figures compiled by the Amernican Cancer Society show that cncer
death rates 1n general are erther leveling off or dropping (Fig 44)

The rapid mise 1 the inaidence of lung cancer while the madence
of cancer of other organs remams at a virtual stindstill suggests to
many observers that it may be due to the emergence of 1 new cncer
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Fic 44 —Duration of smoking 1n years 605 lung cancers m males
(\vynder and Grabam 1950)
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producmg agent which predommantly affects the bronchral mucosa
through inhalwtion thus inducing the mlignant disease of the bronchus
It 1s almost s though the population has been exposed to some new
hazards  stated Dr Cameron of the Amencan Cancer Socrety  One
group of observers considers the “new hazards to lurk i the ur (m
amvironmentil (lements) others consider them to he i the excessne
smoking of agrettes  This Itter group beheves that the tar (1 proven
ercmogen) contuned m the mhaled smoke of the tobicco 15 deposited
on the smoker s bronchn] mucos1 nd ultimately leads to the formation
of cwcer of that organ  (Dunng the past 33 yewrs the number of
ergirettes consumed per person m the Umited States his inereised 456
per centl)  Otlur observers take * middle position believing that the
rpully mounting merdence of lung cncer 1s due to both emvironmental
cucmogene wgents ind the smokmg of aigirettes

The possible role of cm tronmental factars m imbitmg cneer of the
bronchus has been discussed in the previous chapter  The conclusion
drawn was that the studies conducted to date huve thus far fuled to
demonstrate 1 positive Iink between air carred ewcmogens nd cweer
of the lung  Several observers m the past beheved that smohmg might
be the cuse of the ripd nse of bronchil cancer but their conclusions
did not attract attention heewse ther techmque w 1s unconvineing and
the menee of branchial cuicer was not known on the seale it 1s tod )

Flory 1 order to scertam whether tobreco smoke contans 4 ctreino
genie substance punted the shim of ribbits with tar produced by the
destructive distillition of tobacco  In anather scrics of expernments he
ipplied tar obtaumed by smoking tobicco i pipes  In no mstnce was
he ble to mnduce cncer of the sk m the lower ammils  Other ob
servers (Andervont Green) hwe faled to produce eancer of the lung
m Iboratory wnmnals by the use of the denbcal crcinogeme agents
which have been used with greit success to produce cncer of other
orgws or structures  Shimkm by miritracheal injection of 1256
dibezanthracene or methylcholinthrene was able to nduce tumors of
the lungs m 90 per cent of lis amimals withm four months the mmor:
were bemien 1denomatous lesions howeser which n no wiy resembled
bronchiogenic cincer as observed inmwn  Attempts were mde to study
the effect on the Jung of ntratricheally imyected tar {mn dilution) with
A view towards produemg a cincer  But the expermments had to be
discontmued becrwse of the grivity of the pulmonary lesions prmluccd
by a single mjection  The lungs are exquusitely sensitnc to 11mcs!)-m)
substance mjected by way of the tricher The changes which they show
are often difficult to mterpret  Oils lipids and saprophytic bactern m)1y
mduce pulmonary lesions not too dissimlar from those mduced by

bezanthracene .
It has been pomted out that cwncer of the lung was mdlaced n Jower
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ammals by the applieation of tar to thewr shins without producmg a
cutaneous malignant disease  These experiments are of importince be
cause they have demonstrated thit cancer of the lung can be induced
by a cwremogen brought to the lung viu the arculiatory system  Iet us
remember that chimney sweepers developed cancer of the shin and not
of the lungs et they no doubt nhaled lirge quantities of soot
over a long period of time

Statistical Data —In order to ascertam 1 possible Link between cancer
of the lungs and aigarette smohing W ynder wnd Graham nterrogated 1
large number of pitients with cancer of the lung nd 1nother group free
from the disewse  Their study led them to the followmg conclusions

1 Among those with bronchiogenic cancer (other than adenocara
noma) 965 per cent had been modertely heavy to chim smakers for
many years compired with 737 per cent «mong the gener\l male hos
prtal population without cincer

OVER 85% OF LUNG CANCER CASES SMOKED 30 YEARS OR LONGER

PERCENT OF CASES

© 14 59 1014 15197024 2529 3034 3539 40 44 4549 5054 5559 60 64 6563

Fic 45 —Progressne merese in deaths due to cancer of the Tung 1 men (left) and
m women (r g/ £} while cancer of ather organs rema ned 4t a stand t I (Amenican
Cancer Soctety)

2 The occurrence of carcinoma of the lung 1 2 male nonsmoker or
mimmal smoker was a rare phenomenon (2 per cent)

3 Of patients with cancer of the lung who had a history of smoking
96 1 per cent had smoked for over 20 years

4 Of all male patients with cancer of the lung 941 per cent were
found to be cigarette smokers -4 per cent pipe smokers and 35 per cent
oigar smokers  Inhalabion among cigarette smokers was believed to be
a factor m the ncreased incidence of the disease (Fig 45)

The studies of Wynder and Grahwm have been pursued by other
observers n America England Germany Holland Finlwnd and Swatzer
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hind with essentially the same results Subsequently the studies have
been widened and divided mto two types (1) the retrospective type
m which pitients waith and without lung cancer have beent questioned
about their previous smoking habits and the hustomes thus obtamed
were compired (2) the prospective (“forward looking”) type based
upon the pancple of questioning 1 lrge number of people abaut therr
smohing hibits nd then followmg therr progress for several years

The mdviduals i the Iitter group were divided mto heavy moderate
hght and nonsmokers and the causes of death i each of these groups
were subsequently scrutimized  According to Hrmmond wnd Homn the
Iung cancer detth rate of those who pever smoked was only 140 per
100000 per vesr  Among, men with 2 hustory of having smoked oigarettes
regularly but not cigars or pipes the death rate was 1416 per 100000
per yeir (10 tumes as ngh)

The rites for occstonl smokers and for eigar smokers were about the
same s for those who never smohed but pipe smokers had a lugher rate
(352 per cent) \len with mixed smoking habits (cigarettes plus cigars
or pipes) had 1 lung cncer death rate Jower than that for the aigarette
only group but much lgher than 1y of the other groups

The statisticrns of the Amencin Cancer Society afirm that cancer of
the lung 1s about 27 times more frequent among those who smoke 2
packs of cxgarettes 1 day thin among those who have never smoked
Also they state that a man who has smohed henily for many years {2
packs or more a day ) has about 1 chance i 10 of eventually developing
lung cancer 1 man who smokes Jess than a pack a day has sbout 1
chance m 36 of developing the diseise whle the odds for a nonsmoher
developmg cncer of the lung are about 110 270

Cl ances of Develop ng
Those who Smoke Ling Cancer
2 packs a day 1m 10
1pach aday Im 38
nane lm 270

Bnit sh mnvestigators too have reached the conclusion that tte male
morthity from cancer of the lung concerns heavy smokers to a much
greater extent thin nonsmokers  Therr fgures show that the nisk of death
from cincer of the lungs 1s directly proportional to the mumber of
aigarettes smoked Thev estimated that approumately 9 per cent of
males aged 25 years who smoked between 25 and 50 cigarettes a day
might be expected to die of lung cincer before they reach the age of
75 t¢ Imanm I In A recent report Wynder stated “About 10 per
cent of males more than 95 years of age who smoke m excess of 20
cigrettes 2 day will develop lung cancer by the age of 75 A person
smokng 40 cigarettes a day 15 70 times 15 Iikely to develop Jung cancer
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as 1s & nonsmaker  The hazard 1s proportronal to the amount of smok
g™ Wynder bebeves that 80 per cent of all encers of the lung would
not have occurred but for tobacco smolung

At the Serenth International Cancer Congress held i London m July,
1938 Horn reparted the results of a study v fuch he conducted under the
auspices of the United States Public Health Service  The subjects of s
study were 193926 veterans of the United States Armed forces all of
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whom held Government Lfe msurance policies  They had served m the
armed forces between 1917 and 1940 Almost all were men ranging mn
age from 30 to 90 years The majonity were 50 to 70 years of age The
repart covered 7,385 deaths durtng 22 years (July 1931 through Decem
ber 1936) From an analysis of 6203 veterans who were smokers and
1179 veterans who were nonsmokers Horn reached the concluston that
among regultr cigarette smokers lung cancer was the cause of death
985 times as often as among nonsmokers” (Figs 46-49) *

Sex Ratio —The low ncidence of lung eancer in women as compared
with men (2 ratio of about 1 to 4) was aited as strong evidence sustain
mg the etiological relationship between cigarette smoking and cancer
of the bronchus  The low incidence m women was atmmbuted to the
fact that women have not been heavy smokers or that they have been
smoking to 2 much lesser extent than men until recent years However

“Coustesy of the J AN A
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the merdence of cancer 1s 1 complex biological problem which ewnnot
be expluned on the basts of exogenous factors alone It 1s well known
that cweer ects both sexes 1n about ¢quat proportion the difference
Iying 1 the ffected organs (uterus cervix ovaries) winle men on the
other hand suffer to v mich higher extent from cancer of the lung
Crnecer of the stomach too occurs with much greater frequency i men
than in women {Fig 44)

CARCINOMA OF LUNG
WELL ESTABLISHED DIAGNOSIS
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The low inaidence of Jung cincer 1n women 1s compred with men
w1s recorded 1n the literature m the early mineteen twenties before the
advent of the tobacco problem  Of 307 cases culled from the Iiterature
and reported by me 1n 1932 258 occurred in men and 49 i women 1
rtio of about 5to 1 In my own 47 cases (lso reported m 1932) 39
oceurred 1n men and § in women a ratio of about 43 to 1 The Iugher
mneidence of adenoctre noma tn women as compared with men 1s bo
very bhely due to endogenous factors the nature of which 1 not undes
stood and not to a carcmogen brought from the outside

Type of Cancer ~The tobacco lung cancer association was also sard to
be supported by the statistical increase 1 eases of squimous cell and
und flerentiated-cell tvpes of cancer of the lung These types were
stated to be cused essentlly by the tobacco tar However the
squamous cell type of ewncer s not mvanably produced by tar or its
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denvatives Thus the squamous cell cncer of the lung 1 the Schnecberg
and the Joichymst1l miners 1s induced by radon and the squamous cell
cancer of the shin which 1s mduced m man and 10 lower mmals by the
use of tar 1s also readily mduced by the application of other chemical
d physieal agents  Fimlly the squamons cell emcer of the uterne
cerviy 1s mot cused by tar or by ats products

It 15 of interest in this respect to note that the incidence of metastases
m cncer of the Tung bis been found to hve greatly increased 1n com
prtson with the figures reported 2 or 3 decades ago  Since squmous
cell cncer 1s the type of cancer sud to metastasize much less vigorously
than other types the ncidence of metastises should have declned
There 1s httle doubt that the statistical ncre1se n the squamous cell
type of lung cancer (s m the nercsed madenee of metastises) 1s due
to mproved histological diygnosis and not to the tar contuned
cigrettes

Synchronous Rise of Lung Cancer and of Cigarette Smohing —Adher
ents of the aigrette lung cancer assoctation theory state that the nise m
the merdence of cincer (which they believe comerded with the mereised
consumption of agarettes) stuted tbout 3 decades ago nd that 1t
present cancer of the lungs occurs m about 10 per cent of all cancers
However almost similar figures were reported by German physicians m
the carly mneteen twenties  Berblinger found that m the years from
1919 to 1924 1t was observed i Jen1 m 83 per cent of 2ll cmncers W ahl
reported m 1927 that 7 per cent of all cancers observed m the Moabit
Hospit1l in Berlm over a period of 10 yeurs were of bronchinl origin
Junghanns found that i Dresden from 1923 to 1927 cancer of the lung
occurred i 2068 per cent of All cincers  hikuth found that during the
perod from 1889 through 1923 cancer of the lung was observed i 95
per cent of all eancers 1 the Himburg Eppendorf Mumeipal Hospital
In fact Europewn physicrns of that penod had Wretdy pointed to the
high meidence of pulmonary cancer nd focused their attention on the
possible resons for its risc

Experimental Data —In order to ascert un whether or not tobtcco con
tuns 1 circinogenic substince evperiments were conducted by W yndﬂl‘:
Grihum and Cromnger on mice punted with ciguette smohe tar od
tained from cigarettes puffed down 60 a¢ 1 trme 1 a specially constructe
laborators machme In 71 weeks (ome half of the Iife span of the
anmls} of tir ippheation to the shim (considered to be quna]ent]to
30 to 50 e rs of cigarette smoking m man) 36 of 82 aimals (25 females
and 11 males) developed cutaneous cancer The expeniments d‘e];nmlf
strated the presence of a carcinogen m the cigarette smoke cnpa( ell:i
inducing skin cancer 1n a high percentage of amimals but they fule
to show that the caremogen 15 capible of mnducing lung ewcer 1n
ammals  Morcover 1t has been estimated that the amount of carcmogen
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present 1n tobiceo 1s indeed, vers small ind 1s unlthely to cause cncer
of the lung m man

Summary ~The figures compiled by Amenican and Bntish my estigators
pertaming to the 1ssocintion of cancer of the lung with cigarette smohng
show, beyond a doubt, that cancer of the lung occurs with much greater
frequenc) 0 heavy smokers of eigarettes than in nonsmokers  Howeser,
the figures have not vielded arrefutable evidence of an etiologienl relt
tonshtp between the tho  The objuctions raised to this concept are
based chiefly on the grounds that the cause of lung cncer (unhke the
cause of an acute infectious disease) cwmnot be ascertamned from epr
demiologreal findings only  Some obscriers have suggested that smoke
from eigrettes might possibly plu 1 nonspeaific promoting or cocarar
nogenic role n lung cncer rather than i mitating circimogenic role

{scep 1)
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Chapter 5

Clinical Manifestations

Tix chnterd manifestations of < ncer of the lung should be studied
agamnst a background of its prote n mmfestations  In a luge percentage
of ¢1ses cncer onigintes 1 a lung which s the seat of a chrome pneu
mopathy nd 1n the subsequent des elopment {often in the early stages)
1t mduces chinges 1 the lungs and pleuril cavitres which may then
obscure nd overshadow the mibignant discase  In 1938 1 wrote
“Carcinoma of the lung 15 another masquerading discase It 15 mas
querading, not so much per se as by virtue of s comphicitions

A disease whether of pathogenic or degencritive ongm  usually passes
through a latent or nonapparent ph e before it begins to mamfest itself
In thus respect cancer 1s 1o cxception At the onset cancer 1s confined to
a circumscribed are1 and s manifcstations are strictly Jocal  This holds
equally true of many other pulmonary diseases A brologrcal test as it
15 used n the discovery of latent syphilis 15 not as yet availible for the
diagnosis of latent cancer of the viscern

It 1s useful to classify the mamifestations mto two groups (1) those
referred predommantly to the organs of respiraton e to the hngs
(2) those refcrred cluefly to extrapulmonnry organs 1€ to the abdomnal
viscera the central or periphertl nervous systems the skelcton or to a
systemic disturbance

Past History ~In pitients with complamts refernng to the organs of
resprratton 2 history of therr previous sllnesses habits and occupations
1s of great importance

The habits of the patient particularly with reference to smoling
should be ascerttmed  While the etiologteal relationship between
cagarette smoking nd cancer of the lung has not as yet been conclusively
established the dita at hind are comincing enough to warrant 1 serious
chinecal serutiny in tlus respect

The patients occupation should not be bypissed  That many types
of cancer are traceable to occupation (oecuptional exncer) 1s no longer
doubted  Cancer of the scrotal skin in the chimney sweepers of the
wrinary bladder 1 the amhin dye workers of the shin radiologsts and
of the lungs m the Schneeberg mme workers to cite only a few instances
are cases m pomt . Wuth the advent of the modern mdustrial era some
chemterl compounds employed i certamn trades have been noted to be

(87)
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caremogeme for the lungs  This aspect 15 dealt with m greater detl
m Chapters 3 and 4

Present Illness ~In Chapter 1 the conclusion was drawn that cancer
of the lung ongimates in the bronchus It arises m the mucost from
where it nvades the bronchinl wall  The neoplastic process may pn
manly affect the mun bronchus or onc of its brinches It m1y also anise
m 1 bronchiole A eancer 1s referred to 1s the “central or “hilus™ type
when it onginates in the vieimty of the pulmonary root or the hilus and
as the “peripheril b pe when the neoplism ongmates m the swill of the
broncluole at the punphery of the lung Tt 1s generlly accepted that
the centril type svmptoms ppar ewlier than in the peripheral type
beerwse the bronchus 1s looked upon as the focl pomnt about which early
symptoms hinge It s desimble to elborate on this pomt i some detul

According to Jichson the broncht are v Ining moving Iibyrnth of
resthent tubes enluging m Jumen changmg m contour ind clongating
a msprrition dimimishing o Jumen ind length chining m contour ind
sw13ng on expirttton  In fact the bronchi perform penstaltte move
ments dilating m mspirition and contrichng m expration The bronclt
wre not mert thoroughf ires for the trinsport of ur but re dyn e strue-
tures ietnehy partieipitng i the act of respiration s well 5w the
defense agunst the penctration of org ime and jnorg e matter anto the
lungs There 1s no diseise of the lungs m which the bronchi remam
pussne  Vece verst there s no diseise of the bronche mn which the lungs
remun unaffected

As 1 result of the neoplistic process the bronchial tube i which the
tumor hts wiscn loses its elwstieity nd dyntmsm and becomes ¢ ngd
structure  As 1 result of the muril mfltrition with tumor and the fibro
blstic prolferation the bronchnl lumen becomes nanower or stenotic
The degree of the stenosis depends upon the size of the bronchus (m
lirge bronchy it my be mmmal) and lso upen the ty pe of tumor Some
tumors tend to spred towrd the lumen while others tend to advance
predomm ntly tow wd the wall of the bronchus

1

Pulmonary Manifestations

Emphysema —This process which takes phee m the 1){0“0}1\15)15
reflected promptly 1n the respiritory portron of the lung supp)md by the
bronchus  There oceurs 1 disturbince 1 the bilince between the two
phases of respiration (Fig 50)  The expiratory phase which 1s norm'lI;)
slower thin the mspiratory phase 1ssumes a still slower tempo while



Pulmonary Manifestations

the forccful mspirition remuns virtually unaffected  There oceurs 2
sort of chech-valve mechantsm whereby, with cach mspiration, a portion
of the mspred air becomes trapped in the alvcols, producing a segmental
ot lobar emphysema  In some cases the air sacs are so distended as to

form bullae which can be demonstrated with the v-rays

Stop-
Insp. Exp v
!

ey
o
T

Ingress
Ingress Egress and egress
only stopped  stopped.
Obstructive Obstructive
emphysema atelectasis

Fic 50—The effect of complete and partal obstruction of the bronchtal kemen on

the putmonry parenchyma

Fic 51 —Atelectasss of the nght lower lobe caused by bronchual cbstruction
Posteroanterior and lateral views
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(perfunctorily performed by modern day physicians) will reveal dunmu
tion or absence of breith sounds m these reas with surrounding zones
of hyperresonance and exaggerated breath sounds

Atelectrsis —This process too 1s caused by the stenotic bronchus
Here also the impured function of the bronchus caused by the mural
and mtralummnal neoplistic myasion brings about a collapse of the pulmo
nry parenchymn that 1s generlly mited to a segment or to an entire
lobe (Fig 51) The mun bronchus very rarely 1s completely obstructed
usunlly 1t 1s the branch bronelu or the bronchioles that become occluded
The atelectatic are shows suppression of breith sounds over the
volved area

PNEUMONITIS

Although 2 person hales 12000 hiters of «ur in 24 hours taling in
enormous quintities of puticulaite mitter and bacterny the Jungs nor
mally remun free from bacternn  This 1s due (1) to the bumer which
the pathogens meet 1n the bronchril mucosa and (2) to the defensne
phagoeytic (mcrophage) apparttus of the respiratory portion of the
lung
The mvolvcment of the bronchus by the ncoplistic process ffects the
resptratory function of the lung as well s the defensne power of the
pulmonary pwenchym1  The lung becomes 1 ready prey to ifection
Patients who have been suffermng from 1 pneumopathy (te asthma or
chromc “bronchitts ) show 1w evicerbition of ther symptoms their
cough mtensifies nd expectorition meretses At times therr spatum
contams spechs or streiks of blaod They develop a kind of relapsing
fever accompamed by disposition and moderite anorema  This phass
of the disense 15 usuilly neglected by the pitient and often “toned down
by the physiciin who “cures the patient with antibotics

Episodes of recurrent p 1n 1 person of middle or past mddle
age should be thoroughly scrutinized These indviduals should promptl)l'
undergo 1 roentgenological eximinition of the chest and cytologicy
eximination of the sputum

Chronic Pncumonitis —In a person of cancer 1ge 1 pneumopathy 1s
frequently a challenge There has probably never been a e of ewncer
of the lung which his not been diignosed at the outset as pneumm}xa
Vice vers1 pneumopithies m recent yews hue been mustaken for
cincer  Tius holds particularly true of the so called orgamzed pneu
momtis  The disease 1s usually localized in the upper part of the lung
wd 15 characterized by 1 persistent cough blood streaked sputum l::
n obvious hemoptysis pun m the chest and dyspnea The pahenw
complun of norexti and a steady loss n weight  They appear qul1s
il in general  On histologictl exammnation the lungs show wide ;rﬁ "
of condensation of the pulmonary prenchymr (1€ fibrosis) and the




Pulmonry Mamfestations 91

bronchi show mflimmation and narowmng of the lumma  Acherman
and lus tssociites hase reported that m 10 of therr patients with this
condstion 1 drgnosis of cancer was made m 3 of the cases thes dig
nosis was considered to be the second most ihely  Some of the patients
underwent pneumonectomtes for alleced cancer of the lung Indeed
1t 1s probably just as smportant to avord a false positne diagnosis as it
15 to nvoid 1 false negitine dragnosis (Fig 52)

Fic 52—l romic org,n 710g pocunamtt m sdt gno ed as cancer of [ing
neumonectomy

Lipsd P, —Lipid p 1s another p pathy mus
tiken for cancer (Fig 53) This type of preumomitss has been ob
served mn adults who had been mven ods or fats for medicinal or nutn
tive purposes It has also been observed in persons who had been
using il as nasal drops  The liptds produce 1 pneumomtss because
they enter the lungs mstead of the esophagus  When small amounts
are used they provake epliemeral rections tut when a single large
dose or repeated smAll doses of orl are used they lead to an mtense
feaction that wmvolves sizeable portions of the lung  The reaction to
vegetable o1l 1s more sntense than 1t 1s to mimeral ail because the former
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1s Iuss arntating and 55 disposed of by phgocytosis with gre iter difficulty

Lipid pneumomtis may also result from an accumulition of endo
genous faf in the lungs  The source of the fat has not been fully ascer
tamed but it 1s surnused that it accumulates as 2 result of a fatty
metumorphosis of the pulmonary parenchym cused by 1 low grade
mflammation  Fat 15 observed m bronchopneumontt with nfarction n
the viamity of cascous tuberculous focr and sn preumonic areas distil
to bronchal carcinom+ Generally 1t 15 found 1n lungs that have chronie

s
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Fie 53—4 1p Ugrn lom B squamons cell carc noma

obstructive lestons of the broncht or the bronchioles  The possibility that
the fat reaches the lungs via the crrculation should be entertmned~ The
frct that absorbed albumens and crbohydrates pass mto the Iner while
fatty substances are transported to the nght side of the heart and 'u"i
by way of the lymphatics and the thoracte duct suggests that the ]ul;;
play a role i the metabolism of the ipids  Possibly the hp ds a'?le‘

tuned 1n the Jungs as a result of 1 loeal metabohe distyrbance ; cd"f
they mduce « pneumontis stlr to that caused by the exogenous 'plxhse

The ol brought 1n from the outside (exogenous) accumulates mwI

alveol of the lower lobe (rarely in two lobes of one lung and very rarely



Fic 54 —Carcnona s spect  Surg cal disclosure of a ! pid granuloma
The tomogram shows central excavation of the granulo na

(93)
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m bLoth lungs) P 15 crused by ondy hipids 15 usually

nlateral

The preumonttis indueed by hpids +s 1 rule causes 1 complet reaction
becwse of the fat wnd the pathogens to winch the Jung his become prey
The Instologicl appernce 3s essenttnlly that of 4 long standing par
tially orgamzed bronchopneumonn wath seattered nests of granulocytes
Iymphocytes and lipophages (macrophages) The lipophages predom
matce i the evrher stages (Fig 55)  On cut surface the long 1s golden
yellow resilient, and similar ta aanthoms  In the morc advanced stages

f macro
— £ iprd preumomus  ‘There 1 an accumulation o)
*:;s 5(5‘lp0E\::xal§c:;ns:\:h‘:ch Phagwqm the ail and store 1¢ m thesr cytoplisms
511\: n’l-lcmp{)mgeq origmate from the cells of the ah.eclar walls )
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the lung becomes fibrosed shrunken, and firm  The term paraffinoma”
has been given to “tumors” produced by paraffin oil

In elderly indniduals bpid pneumombis is not rare  Volk and his
associates found that 57 or 14 6 per cent of 389 chroncally 1l patients
had hiprd pneumomitis  In most mstances the patients used muneral ol
asalaxative  Inmany cases o containing drugs were used as nose drops

15 removed

The drgnosis requires clmical acumen and indeed awareness  Cyta
logreal examination of the sputum 1s often helpful It shows the presence
of lipapbages with fat droplets in their cytoplisms tht are detected with
special stams (scharlach R) A btopsy erther by 1 Jung punctare or by
thoracotomy 15 sometimes necessary i order to armve tt a correct
dizgnosis

Cough —Even before the develoy of p pithees the disturbed
dynamism of the bronchil tube (as well 1s the dmaged bronchul
mucasa) nduces an arntation” of the throat 1ttnbuted to the swmolwg

3

of and a cough prod of a serous purulent or muco
purulent sputum  The cough may be dry brassy spismodic or hacking
and 15 often pred. ly nocturnal  Frequently 1t 1s merely a sort

of grunt disregarded even by app and observing indwiduals
Coughing 1s regarded lightly by patient and physierm alike because ot
1ts usual occurrence 1n persons of all ages However 1ts appearwnee m a
person of cancer age particularly o accompansed by a low grade fever
or by changes 1n its character should not be dismussed ightly A cyto
fogical and bacteriological examimtion of the sputum should be per
formed m addition to an x ray examination of the chest

Sputum—H ~The sput hich mav be watety mucoid
mucopurulent or purtlent scant or abundint-is usually not character
whe m appewrance  Enormous amounts of watery sputum are expector
ated by patients with termmal bronchiolir cancer  While m a few
patients the expectoration remams clear throughout the illness m the
majority of cases it becomes blood strenked 1 the early phases of the
disease  In about 35 per cent there occurs a hemoptysis while 1 about
17 per cent it 45 the first symptom  Brun found 40 per cent of 626 pa
tents to have had hemoptysis Ochsner and DeBakey found hemoptysis
as the chuef complamnt i 19 per cent of cases studied nd 48 per cent
had bad 1t sometime during the illness

Unlike adenoma of the bronchus m which bleeding 1s nsually coprous
and frequent 1 carcinoma the amount of expectorited blood 15 small
perhaps one or two teaspoonfuls  Blood streaked sputum and hemopty sis
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often pany L 3 1s1s and tuberculosis, but m the d g of
mdflivnduals of muddle or pst middle age, cancer should be thought
of first

Of 200 cases of hemoptysis investigated by Moersch, 59 occurred in
malignant tumors, 53 1n )} and 111 pul y tubercuk
Abbott and Hophins found that wnfiltrating adenoma of the bronchus
and bronchmgemc ciremomn were the most frequent causes of hemopty
sis  Therr findings are shown in Table 6

Table 6 Hemoptyss in Diseases of the Lungs

Ao of
Duiseases cases Per cent
Adenoma (infiltrating) 7 100 00
Bronehiogente carctnoma 187 53 60
Lung abscess 65 4920
Bronchicetasis 239 4350
Tuberculosis 302 3650
Fungt 9 3330
Congemital cysts 19 2630
Metastatic carcmoma 25 2400
Medastinal tumors 70 2000

It m1y be seen that adenomn and carcmoma of the lung are the mam
causes of hemoptyss, followed by bronchiect1sis and tuberculosts He-
maptysis also occurs 1n ipd preumonitis (rarely), asthma aneurysm of
the aort1 and pulmonary nfarct  Copious bleeding was observed
chronte tracheobronchitis and m edemn of the lungs He
moptysis requires a genol al, eytol logical, and broncho-

scopic mvestigation .
Wheeze —A  wheezing sound m the chest 1s heard 1 a va:xety :i
bronchopulmonary disexses Al 1s not asthma that wheezes sh';: "
Jackson The sound 1s ctused by partial obstruction of the bronc! nt
lumen  Obstruction may be complete, partial constant or mterml"?“
and may be due to tuberculosis of the bronchus, to a benign or ma lgd
nant tumor, or to an asthmatic plug of mucous It also muy be ?Tsed
by a lesion compressing the bronchus from without which woul e:
to a narrowing of the bronclual Jumen The left mamn bronchus 12103'
be compressed by (1) vanous pulmonary or mediastnal lesions le-ft
an enlargement of the left auncle, or (3) an aneurysm of the -
pulmonary artery the arch of the aorta, or the descending ncrta] o
bronchus may finally be compressed and its lumen narrowed by enla én
penbronchral Iymph nodes sarcoidosis, and Iymphomatoid d:sc;)se o
largement of the lvmph e root of the ingula mnduces bro!

;
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stenosis nd atelectasis of the muddle lobe or so called  muddl lobe
syndrome

The wheeze cansed by partil obstruction of the bronclunl lumen cin
Dbe heard on one side of the chest nd 1s accentuited by forced expiry
tion 1t 1s heard best with the pitient lymg on the affected side and with
the eximming car close to the patients mouth (Fig 56}

Fic 56—Test ng for wheeze

Johnson and hss associates 1 a study of 100 patents who had had
bronchoscopic examnations found bronchiil obstruction in one half of
the cases They observed that umong patients with bronchial obstruction
the following were commonly found (1) a local zed wheeze (2) a cough
which had altered 1n character (3) a local reduction mn breath sounds
and (4) localized rhonchi  When the mvn bronchus was molved -
localized wheeze was percewved m 45 per cent of cases when lobar m
29 per cent and when segmental n 5 per cent  The wheeze disappeared
when the bronchsal ocelusions became complete or when the obstructing
matter was removed

Ta any case of 3 umlateril wheeze bronchoscopie and cytologrenl
examinations are quas: mandatory

7
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Stridor ~An obstruction prouimal to the bifurcation of the trichea 1s
the ctuse of strador Formerly chmcins considered 1t pathognomome
of cancer of the lung It 1s rarely abscried

Dyspaca ~It 1s not so much the size of the tumor as the topography
that usually cruses dyspnen  This 1s particulwly prone to appew m
instances of ¢ ncer spreadimg around the trichea bronchs or bload vessels
which lewds to therr compression the narrowing of their Jumens nd
therefore an mterference with crrculition and respiratton  Dysprien 1s
1 common complunt of pitients with lymphangotic cancer which some
times ssumes an asphy aating tspect  This 1s discussed m greater detul
m Chapter 6 In the presence of small tumors Juge and rapudly
accumuliting pleural effustons cquse dyspner  Severe dyspnca hhewsse
oceurs m atelect s of the lung due to occlusion of 2 bronchus or ta a

ddenly occurning p horax  Finally dyspnet 1s 10 outstanding
feature m the Supcrior Venn Civa Syndrome

Hoarseuess ~Hoarsness 1s cansed by mvolvement of the recurrent
Trryngenl nerve by + tumor which extends to the mednstinum

The recurrent (infenor) Jaryngea) nerve 2 motor branch of the vagos
nses from the htter where 1t crosses the left side of the 1ortic arch It
psses below the arch wd up on its nght or mednl side to gain the
mteryal between the trichca and esophagus (Fig 57)

Unilaterd paralysis of the nerve may be produced by mechimeal
trwmitic mflammatory and neoplastic processes the last 1s by far the
commonest  OF 203 cases of unilateral paralysis of the nerve Clerf found
that 114 were cased by tumors  Of these 64 were bronchuogeme
cncers 18 esophagenl 11 thyrard and 11 medistinal metastises from
vinous sources (2 mvolving the tracher md 8 of 1 vaned group of

neoplisms) ;
Parilysis of the vocal cord due to damage of the left inferior larynge1!

nenve 1s ocersionally found m mtral stenosis and i congemtl heart
dusease with dilaton of the pulmonary artery the latter 15 considered by
some myestigatars to be the prineipal cause of the imjury

Of particular importance 15 hoarseness s the first and sole manfesta
tion of bronchiogeme cancer I hue observed patients in wlhom one
sided iaryngeal prralysis occurred several manths belore the appewrwoce
of 2 roentgenologieal evidence of a2 neoplism in the Tung ;

The patient whose chest film is shown 1n Figure 57 had been horse for
8 months when he first consulted an imternist .

Cyanosis —As m mstances of dyspnea the occurrence of cyanosis \V]I
hirgely depend on the topography of the tumor or on some ofits comg 1
cations and not alone onits srze  Thus 1 some of our c1ses the brond! }\:s
of the rght lower lohe was completely blacked and the broncht of(tr:
muddle and upper lobes were prtilly blocked The patients m‘nzn
dyspnesc and orthopresc with a defimte asthmatic stidor on expy
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vet their cyanosis was not a promunent feature  One patient whose chief
complamnt was dyspnea and cyanosis of 6 weeks duritton showed 1 small
pulmonary tumor at necropsy There was however a hydrothorax and
metastases to the pleur: pencardium heart and liver ~ Cyanosis 1s a
prom nent feature m Supenor Vena Cava Syndrome and in lymph
angiotic cancer

Weight —In a considerable number of patients with cancer of the lung
the chuef complaint 1s referred to the gastromtestmal tract specifically
to the stomach Many observers chanced upon pulmonary cancer while
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therr paticnts were being treated for an allegedly digestive ailment These
patients have been treated for the “stomach trouble” with special duets,
which caused reduction n ther weight  The pulmanary cancer per se
does not cause noticeable loss of weight until the diseasc has reached
an advanced stage. A stubborn cough or scvere pam in the chest caused
by a metastasis often ‘kalls” the appetite for food, resultmg n anemsa and
loss of weight

Fic 58 —Hormers syndrome m 2 person with cancer of the Jeft apev
{Supenor pulmoniry suleus tumor

Cachexia.—Almost every paticnt with an actvely growing ca}r]nccr 3:5
plavs certamm changes m his appearance \vlu‘ch cxpenencet‘i’ p]\ I)DSI:I "
frequently discern It 1s often defined as a ‘cichectic hue ' sgz[c’d
trents with cancer of the lung, particularly if the disease 1s prof rﬂ:,d n‘
show vanous degrees of eachexta  But one should not expect to
i the early stages

Homcr’s) Syfdrome —Tlus syndrome s characterized by s]ml;zghgf
the eyeball, drooping of the upper lid, shght elevam}in of the do;}mnges,
constriction of the pupil, narrowing of the palpebral fissure :an(Fl o
in the vasomotor and sudonfic actnities of the shin of the facfc nd%uuns
Horner’s syndrome 1s obsersed n association with a \.anet}} o 'lmof elthe!’
such as tumors of the spinal cord, syrmgomyclia at the level
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the seventh or eaghth cervical or the first thoracic segments of the spimal
cord cervical b st 15 also observed m apicl eareinomn of the lung or
n metastatic carcmoma which h1s mvided the brachual plexus  Horners
syndrome will be discussed mn greter detail m another section

Pain —Patients with cancer of the lung frequently complun of pamn
m the chest It 1s not necessanily cused bv an mvasion of the pleura
or the chest wall by cancer but mnstead rather often its mamfestitons
are early caused by the (atel ) p which
implicates the pleura A striking exunple of pun in cancer of the
bronchus 15 observed m the so called “Supertor Pulmonary Suleus tumors
which are provoked by pressure or msision of the brachial plexus by
the apical cancer

Capps demonstrated that the viscertt pleura 15 msenstive to pam
and the panetal pleura s sensitive pam 15 felt m the thoracic w1l and
! de that distrit of the 1 nerve which supphes that
purticular segment of the pleura

The pulmonary parenchyma like the visceral pleura 15 msensitive to
pan while the bronchr may be the source of pamful sensitions  White
and Smuthwick stated that pn ansing from the lirger bronchi 1s trans
mitted over somatic vagal fferent 1xons  According to Jackson pamn
15 felt more intensely m the broneln than i the trachea He rarely
heard patients complain of pam during bronchoscopy and strll more rarely
of pain m the tracheobronchial tree when 1t contamed a foreign body

Morton and tus assocnites found the hming of t e trichex and bronchn
to be sensiive and paunful when the tracheobronchial tree was stimu
lated electncally dunng bronchoscopy  The pun ansing from the
bronchial tree was referred to the homolateral wntenor chest wathin 2 to
4 em of the sternum or to the anterior cervical region 2 cm from the
midbne  Pam m the tricheal region 1s felt 1 the midline antenorly
extending from the Laryn< to the xiphord process

In cancer of the lung pam in the chest 15 frequently complamed of
It varies i mtensity from a mere discomfort and paresthesia to an
mntensely pamful sensation that requires sedation and narcotics In the
following case the chimical and radiographic pictures were charactersstic
of pneumomtis However the presence of paresthesia of the back
ponted taward the dugnans of cerawmoma wwadiog the dhest wall which
was bomne out by postmortem exarmmation

Hlustratie Case

Case 3 Hustory—A male clerk 67 years of age was admitted
to the hospital with the compla nt of cough productve of 1 tena
ceous sputum occasional hemoptysts paim m the back and loss of
weight  He had smoked about 20 cigarettes datly for the past 40
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yeurs and since wlolescence hid consumed considerible amounts
of alcohiol until about 6 years before admittance

About 10 months prior to his admission to Montefiore he w1s
hospatalized clsenhere on complunts of weikness of about 6
months duration 1 steadily incresing hacking cough productne
of 1 teniceous yellow sputum nd of 2 gradual loss of weight The
physical signs “and the roentgenological prcture were compatible
with the presence of fud 1o the left pleuril ea Bronchoscopy
showed the lumen of the left lower bronchus rcguccd to 1 merc
shit and the biopsy showed an mflammatory process but no
cwcer  Thoricentesis yielded pus wnd 7 thorwcotomy was per
formed 11 order to drun the empyema  Roentgenological evim
ntton of the chest following the removal of the pus showed 1
hrge round thick walled ety confined to the postenor seg
ments of the lowcr half of the left lower lobe Cultures of the
pus yelded pneumococer resistnt to pemallin The pattent de
veloped antrictible pun m the left chest ind mtermattent
hemapty ses

Exumimnition at the \ontefiore Hospital showcd the Jower two
thirds of the left thor to be dull to percussion with absence of
breath sounds on tuscultition  There was a remirkable pares
thesi of the sk of the postertor Ift hemithor v corresponding to
the arer of the dullness The hver wis considerably enlarged
wd the fingers nd toes showed moderate clubbmg

Roentgenologicl examnition showed 1 dense shdow replace

g the lower half of the left lung with 1 translucent aren in the
T~ " The upper half of the

stologieal eximma

The bone marrow was hypercellular  Lhere was m erythrol
hvperplasit with mirked hypochromia and poikilocy tosis The
peripheral blood contammed 2500 000 erythrocytes per cubic mm
and 5 gm hemoglobn  The white blood cells numbered 13 000
per cubic mm and the dilferents il count sws normal The blood
chemustry was noncontributory

The patient died 3 weeks nfter admsston

At antopsy the entire lower Jobe of the left hung was replaced
by 1 cancer with 1 centrally located cavity 12 by 10 emn dameter
which was filled with necrotic matcril  The new growth my wded
the costal pleura ind oblterated the pleurtl cauty  \etastases
were present 1 the lymph nodes nght adrenal and m the mucosa
and submucosa of the stomich The cancer w1s made up of ana

plastic cells

Comment —The ctse illustrates the difficulties encountered m mnlmf'.{
2 diagnosis of cancer of the lung m the absence of hustologicl Pf":;e

Had tissue been removed from the wall of the cavity 2t the time o
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thoracotomy {more than one yeur before deith) and examined under
the nucroscope the course of the illness would hive been different the
mans Ife prolonged 1nd agomzing pamn avorded

The process of cavitation 1 pulmonary ctncer 1s an mportant phe
nomenon because of 1ts frequent occurrence and also because the
excavation resembles 2 lung abscess with which 1t has been and still 1s
frequently confused The French chnician Amewmlle was the first (in
1923) to report 1 case of a pitient who w s referred for surgery with the
dagnosis of 1n ibscess of the lung  During the thoracotomy Ameuille
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F 59—Bronchiogeme cancer of the left lower lobe with cav ty formation
Tere 15 a flud level

out of cunosity (par cunosité as he put 1t) exammed a bit of the re
moved tissue under the microscope and to his great surprse found that
he was dealing with “cancer pulmonaire a forme d absces”

Cawitary Form of Cancer of the Lung —Cavitation with putrid content
1s observed m (1) chronic p des (2} acute pul y mfections
in diabetics (3) Friedlanders preumonia (4) swcod disease of the
lungs (5)
of the lung
1s found 1n
mn nature wntil proven otherwise

Cavitary cancer 1s found chiefly m the squimous cell type only about
one £fth of the cases were observed m other cell types The cavity,
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usually locited m the center of the tumor results from closure of a
bronchus from an madequate blood supply to the new growth or some
tumes 1t follows n intense course of radintion therapy The degenerated
mass m1y remun tn loco and be discovered at autopsy (Figs 60 nd 61)

Fic 81 —Cancer of e lower lobe with cavity formation
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or crumble and be expectorated leaving an exewtion which becomes
mfected and putnd, an cxeavation similir to chromie or acute abscesses
of the lung with which 1t has been confused With the advent of
putrefaction the crumbling of the tumor tccelerates and often brings
the necrotie matter close to the pleura which 1t erodes Its contents
then pour mto the pleural cavitv producing 1n empyema  Empyema in
cancer of the lung 1s oecisionnlly induced by a bronchopleural fistuly
The litter can readily be discovered by the intrapleural inje tion of 2
weik solution of methylene blue which in the presence of a fistula wall
appenr m the expectorated sputum
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Jobe with ¢ty formation  Posteroantenor

Fic 62—Cancer of the nght mudle
and luteral views

In about 70 per cent of cases reported m the hterature the cavity was
faund m the upper lobes and m about Z per cent i the middie fobe
(Fig 62) \Men were more frequently affected than women probably
because squamous cell cancers which usually undergo the central necro
sis are more commonly observed 1 men

Whale 2s a rule the chimcal mnifestations develop insiciously instances
have been recorded whore the onset was stormy accompamed by chulls
and fever as i acute lung abscess In the differential dignosis the
following points are sigmficant
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1 Aspiration abscess usully occurs postoperatively, particularly after
oral surgery, such as tonsillectomy or tooth extraction

2 It also occurs i alcoholies who have been stuporous for a consider
able length of time, and m consumers of Irge quantities of sedatives who
have been m a deep and prolonged stupor

3 It can also be explumed by a hustory of the penetration of a foreign
body
Not more than 1 per cent of all lung abscesses are caused by aspir
tion of a foresgn body, whereas about 10 per cent are found m Jung
cancer (Table 7)

Table 7. Cavitary Form of Cancer of the Lung

Authors Cancers  Carutres  Per cent
Broch 477 <3 17 50
Fishberg and Rubin 51 15 2435
Hauser and Wolpiw 127 15 1200
Jaffe 100 12 1200
Koletshy 100 30 3000
Maxwel 314 30 10 V_!
Rosedale and MeKay 37 18 4865
Strang and Simpson 1030 70 360
Totl 3136 213 870
br.
an

trated 1 Figure 182
Summary ZIn a case of lung abscess m a person of middle or pust

muddle age, particularly m a male, the duignosts of lung cancer should
be grven preference until proven otherwise

2

Pleural Effusion

ancer of the lung may appear m the early phises
Its from an occlusion of the bronchus due to
m the mtrapleural pres-
ate results from the
It may

A pleural effusion m c:
of the discase It resul
pluggmg with mucous which causes elevation
sure, thus leadmg to a pleural effusion The exud;
obliteration or damage of the submesothelial pleuml errculttion
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be produced by an mtrathoracic as well as extrathoracic disease  Patho
gens, tubercle bacilh and neoplasms (malignant or bemgn) may be
responsible for the accumulation of flud wn the pleural cavity It was
observed m women with bemgn ovanan fibromas, so-called “Mergs’s
syndrome” It also was observed as a local mamfestation of a systemic
dsease, such as lupus erythematosus, currhosis of the liver, and nephrosis

When found 1 a young adult or adolescent, 1t 15 presumably tuber-
culous until proven otherwise, but m persons of middle or past middle
age 1t 1s more hikely to be neoplastic or cardiac i ongm (Frg 63}

R . ‘e

Fic 63 —Bronchiogentc cancer of the left lower lobe pleural effusion (arrows) due
to pneusmomtis  Clearing of effusion after admmustration of antibiotics

In a study of 216 patients with primary tuberculous pleursy, Robertson
found that 117, or 541 per cent, occurred under the age of 20, 60, or
278 per cent, between 20 and 29 19, or 88 per cent between 30 and 39
Between the ages of 40 and 49 only 20 cases, or 93 per cent, were due
to Mycobacterium tuberculosis Leuallan and Carr found that of 229
Tatients with neoplastic diseases, 525 per cent showed pleural effusions
Of these, 415 per cent occurred 1 cancer of the lung, 231 per cent i
cancer of the breast, and 122 per cent m lymphomas and leukemnis
Sahn and his assoctates, m a study of 103 pleunsy patients whose ages
ranged from 50 to 87, found that 1n 45 nstances (437 per cent) the
effusion was due to carcinoma, and 1 36 mstances (33 per cent) to con
gestive heart fallure In only 1 instance was it due to tuberculosis
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Pleural effusions were obsersed in meduastmal tumors and m cancer of
the lidney, stomach, large bowel, and ovary

The notion that a bemorrhagic flind 15 produced mvanbly by a malig-
nant disease has been disproven  Tuberculosis of the lungs and pleura,
congestrve heart failure, pulmonary infarct, and some systemrc drseases,
such as arrhosis of the lner or nephrosts, hve been obsenved to yield
hemorrhagic pleunisies  Metastatic tumors may produce serous as well
as hemorrhagic effusions  The Iughest igures of bloody pleural evudates,
about 30 per cent, are found 1n metastatic mammafy cancer

DIAGNOSIS

The diagnosis of a pleural effusion bascd on chinscal findings alone 15
generally presumptne In order to ascertam the presence of flud m
the pleural cavity, a thoracentesis 1s a prercquisite Even though the
mahgnant ongm of the cxudate found m a cancer patient usually proves
a foregone 1 the disclosure of neopl cells m the flud 15
just as tmportant as the performance of a lymph-node biopsy in a person
Anown to suffer from cancer The detectron of mahgnant cells m the
effusion presents no difficulties It is well to remove as much fluid as
possible and to store 1t m the 1cc chest for several hours m order to allow
the cellular elements to settle The supernatant flnd 1s then decanted,
and the remammg fluid 1s centnfuged The supernatant fluid 1s agam
discarded, and the sediment 1s then used for the followmg tests

1 Paraffin Block Sections —The sediment 1s carcfully withdrawn from
the centnfuge tube and placed on a prece of flter piper about 1 mch
square It 15 then fived m a 5 per cent solution of formaldehyde or m
Zenkers flurd and run through the usutl scnies of solutions  Following
thrs, paraffin blocks are prepired, cut, and staned with the customary
dyes  However, mstead of running the sediment through several solu
tions, which consumes a constderable length of time, the sediment (on
filter pper) can be borled for 2 or 3 minutes m a 5 per cent solunon]cf
formaldchyde  Frozen sections are then cut and stained wath hematoxylin
and cosm (Fig 64) p

2 Papanicolaou Method —Smears prepared from the sediment (as de
scribed above) are placed on glass shdes  Like those of the s[;utum
or bronchial washings, these smears should be fixed at once m nbso uslunr
of equal parts of ether and 95 per cent alcohol ~They should be eithe:
stained by the Papanicolaou techmque or with the Giemsa stal]n Vhalen

Results ~In a study of a large serics of cases, Chapman and \] ta f"
obtained 94 per cent correct diagnosis They have stresse “:t ,n ;
order to arrne at a positne dignosss, the presence of fully or pad ‘nci'
formed acim or of sheets composed of (e?ls showing defimte c;ivx sedu]
of anaplsia 1s required  Tegaki stated “The only relable and u:
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enternt for malignaney (1n paraffin sections) are (1) clusters of mahg
nant cells with an organoid arringement (2) mdvidual cells with
malignant charactenstics (3) cells stamed posiavely for muem” In
Ius experience the use of paraffin blocks yielded a lugher percentige of
correct diagnoses than smears prepared wceording to the cvtological
method of Papumcolon  Thus m sections prepared from the paraffin
blocks correct dingnoses were obtuned m 51 cases suspieious diignoses

K* ‘ :ﬁ?«;ﬂ *\?}E\

Fic 64 —\ecoplastic cells m pleural effusion {paraffin sections)
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pyridoxm to the solution A course of treatment consists in 4 to 6
mjections rddministered at weekly intervals

For the mtrapleurtl mnjcction 1 dosc of 4 mg per kg of body weight
1s used  The njection of the mtrogen mustird solution 15 preceded by
the withdrawal of most of the flnd from the pleural cavity The drug
15 nfused through the thoricentesis needle which has been left n place
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Fic 68 —The chemical formula of TEM—tniethylene melamine

The patient 1s structed to change his posiion from time to time fu;
2 or 3 hours following the mjection for the same reason as in th; use g
radioactive gold On the nest diy another thoracentests 1s performe
and as much fluid as possible 1s withdrawn
The state of the pI\,hents Tomoporetic system should be m\estxg‘z\;end
prior to the mitiation of the therapy and for some time after nsfc:;s;x
Leukopema 15 likewise one of the complications of this type o :d C[;);‘
Other complications such s nauset and vomiting are transitory a
be controlled without difficult
The generil condition of th)e pitient 15 of importance Onlyhpa‘henfs
whose general condition 1s good should be given 2 therapeutic xll:r e
Although the effect produced by both remedies 1s quasi St
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use of HN2 1s preferable for the following reasons (1) 1t 15 much less
expensive (2) 1t 15 exailv abtumble (3) 1t can be dmmistered by the
attendng phisician at the piints home (4) 1t carmes no hazard to
the personnel mvolyed 1n administrition of the trement

TEM or tnethylene melumine (Fig 66) 1 1 substance which 1
chermiclly reluted to methnl bis (betx chilorethyl) umne that 15 to
1IN.  Studies have revealed that the cytotoue effect of the two sub
stances on norma! nd neoplastic cells 1s about the same  The advantage
m the use of TEM consists in sts lesser tovieity nd puticularly m ats
cffectiveness when guen orally

3

Osteoarticular Mamfestations

Patients with pnmary cancer of the lungs often complun of enpphng,
pams 1n their bones and joints  In mny patients the disese starts with
this symptem which 1s so pronounced thit it fully absorbs the 1ttention
of both the patient and the phvsiciin  Tn miny other ptients the symp
tom mahes its appe wance m the presence of 1 small pulmonary cncer
Indeed just 1 the punful shoulder n the case of the wpical cancer was
diagnosed 1s bursitis or neuntis wiile the tumor was overlooked so
m these cises the osteoirticulir mimtestitions were diagnosed 1s an
mfectious asthntis while the pulmonary tumor remuned unnoticed—
until the termmal stages

In 14 of 139 ptrents observed by Ray wnd Fisher the mitil complamts
rferred to punful jomts  In 5 of the pitients the arthralgn preceded
the pulmontry svmptoms by 5 months Hainsen reported that of 100
patients studied by him 12 complamed of jomt puns  In 4 of the pa
tients 1t appeared 1 an initial mamifestition of the disease  In 17 of 22
patients with cancer of the lungs observed by Hammarsten and O Leary
jomt symptoms wre the first mmfestition of the malignnt disease The
articular puns preceded the chest symptoms by more han 18 months  In
3 of 20 patients with ncoplasms the chest x rav films were not considered
suggestive of cancer  Of 14 tumors i pihents who had thoracotomies
9 were rescctable  Several of my patients had been treated for osteo
arthritic symptons prior to the identification of the pulmonary cancer
In some of them the milignint discase was discovered about 1 year
after the onset of the jomt svmptoms

1t 15 of further mtcrest that the patients ultimately showed ger
1zed hypertraphic osteo wthropathy

8
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Ilustrative Cases

Case 4 History —In thus man the illness started with pun m
the ankle, knee, and shoulder jomnts, which had become hot, red
and swollen, totally disabling lum ~ After a 3-month perod of
unsuceessful treatment at home, he was hospitalized successtvely
m three mstitutions, where ciathermy and salyailates afforded
rehef  No disease was found m the lungs The improvement of
the arthnitic condition was of short duration, however, and he was
admitted to another hospital - Here examination show ed the wrists,
elbows, hands, knees, anlles, and feet to be swollen, hot and
tender, and their motion restncted  Wathin the next 2 months the
articular pamns became so ntense as to require large doses of sed-
tives and analgesies At this Juncture attention was drawn to a
small hemoptysis, and when the lungs were reexamined a eancer
was discloscd  Stmultaneously, a generalized hypertrophic osteo-
arthropathy was noticed (Fig 67)

Case 5 History —A man 55 years of age was admutted to the
hospital complaming of pam and stffness mn the jomts of his
hands and feet  He had smoked 20 cigarettes a day for many years
and for long had been bothered by a cough that produced tena
ceous sputum

The present illness began about 2 years prior to his hospitaltza-
tion with puns m the jomts, which steadily grew worse  About
7 months before admission he became bedridden His cough m
creased m tensity, and on one occaston he brought up a small
amount of blood " He developed might sweats, had been losing
weight and, on moving, suffered pam n all jomts

An area of dullness was disclosed i the Jower portion of the
nght lung, which, on roentgenological examinition, suggested
preumonttis or, posstbly, chronic abscess Hypertrophic ostmi
arthiopathy was found in the long bones The pitient improved
after a few weeks of treatment and was discharged

At home he suffered a relapse The pam required huge doses
of sedatives and narcotics He developed convulsive scrzures,
which were mterpreted as probably ewmg to a metastatic cerc-
bral abscess He reentered the hospital, and 3 weeks later he
died i
The autapsy disclosed a cancer of the nght lung that conu:{ne:1
a huge cavity m the center No metastases were discovered 1
the viscera or the bram

Comment —In these patients the onset of the disease e
quent chnical course were dommated by severe osteoarthntic symp!
which entirely overshadowed the mild pulmonary manifestitions

and the subse-

Case 6 History ~A man 41 years of age was admmez}l to tilse
Montefiore Hospital complaning of pains mn the bones and jount
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Fic 67 —Generahized hyp
pitient with large hands an

ot pithy A al ¢ of
d ol bbed fingers ¥ ray flm shows a cancer of left
ilus A biopsy revealed a squamous cell carcinoma
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The iliness started with punful swelling imvolving the ankles
knees and Jomts of the upper extremuties successvely  He was
treated m three hospitals where the Jungs were found to be
normal  The upper evtremities showed lIumtation and pan
m all yoints on motion  The wnsts and elbows were swollen and
warm~ The hands were 2lso considerably swollee as were the
proumnl mterphalingenl joints  The hnees ankles and feet too
were hot and tender which mide motion mited and punful The
feet werc greatly enlarged There was 1 eonsiderible gy necomastia

Bronchostopic exammttion failed to reveal abnormahities but
an aspiration btapss af the lung revealed tumor tissue that sug
gested a metastasts

The patient was discharged from the hospitil after 22 months
but was rexdmitted 2 wechs Iater  In the mterval ie hd gamed
4 pounds m waght but 1 productive couth smill hemoptyses
and dull pam i the nght hemithorax hd developed nd’the
pan m the knce jomts had become aggrivited  The pan m the
jomts was so severe that large doses of sedatives were requured
s temperature averwged 100 to 101° F

In the right lung there was m arer of dullness bronchovesicuhr
bretthmg decreased vocil fremitus and mowt rales were found
anteriorly between the fourth 1nd the sixth ribs On roentgenologi
eal examinttion the shadow previously scen m the night lung was
now enlarged  He was dischirged and shortly afterward cntered
the Montefiore Hospital

At \onteBore the followmg observations were recorded (1)
there was cvidence of considerible loss of weight (2) the pamts
of the hands shoulders teet and knees were considerably swollen
wnd pamfal (3) the lower lunbs were masstve chomsy and shape
less ' (4) the hands resembled spades or piddles (5) the fingers
showed pronounced clublung (8) the (oints of the hnees wd
ankles contuned small amounts of flmd (7) there w1s a general
adenopathy nd gynecomtsha (8) the lower two thirds of the
right lung was dull to percussion and the breath saunds 1n this ares
were not andible (9) the patients feitures vere coarse and the

thickening ind urregulanity of the periosteurn along the shafts of the
humert vlnte radu tbre wnd fibuhe (Fig 6J) In the peluis
there were hypertropluc changes along both fha and fumurs
The sella tureicn was birge but there was no evidence of
destruction

Bronchoscopie Exammation —~This revealed a large friable mass
completely occlucing the bronchus of the nght lower lobe of the
tung below the apredl brinch  The patrent died after 5 months
the hospital
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Fic 69—A carctnomn of the lower lobe of the ngl t lung B Roentgen apperance
of the left hind showing lamellar penostiis € phatograph of the night hand with

clubbed fingers

Diagnosts ~Bronchiogenic ciremomt night generalized hyper
trophic osteorthropathy, endoermopth:

Autopsy —The nght lung was adherent to the wall of the chest
wd the diaphragm  The lower lobe was volummous and firm It
contamed a tumor that measured 8 em mn diimeter and evtended
from the hilus towrd the middle of the lung  The drenals con
tamed several corticil adenomas and the anterior lobe of the
piturtary w1s promment
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Microscopically the tumor was a squamous cell cancer The
prtutary showed hypertrophy and hyperplsia of the eosimphilic
cells of the anterior lobe

Comment —Cases 4 5 and 6 1llustrate cancers of the lung 1 which
the first manifestations referred to arthralgas for which the patients were
treated winle the mal disease d In some cases
the cuncer was i the inceptive stage and could not heen seen with
the « rays

GENERALIZED HAPERTROFHIC OSTEOARTHROPATHY

Bones Affected —Generthzed hypertrophic osteowthropathy 1s a con
dition m which the bones the jomts and the soft tissue of the upper tnd
lower extremities are affected  Not all bones are nvolved with equal
mtensity and even i the same bone the lesion 15 more pronounced n
the diaphysts than 1 the epiphysis  The tibia and humerus are wsually
more frequently affected than other bones and in some c1ses the clavicles
nbs scapulie and vertebrae are mvolved

Acromegaly and Pulmonary Osteoarthropathy —The pitients resemble
those with acromegaly with whom they had been confused until Pierre
Mane dissociated the two diseases Their features are coarse therr
forehexds furrowed their Iips thick and therr mandibles prognathic
Their hands are volummous long massive and spade Iike  The fingers
resemble sausages and the dustal phalanges show fusiform swelling or
clubbimg  Their feet too are large and doughy with club shaped toes
The termmnal phalanges show tufting as m acromegaly Indeed manv
other charactenstics of people with acromegaly such as hsumtism
gynecomastia bulldog skull and splanchnomegaly are also found i
these patients (Fig 70)

Pathological Anatomy ~The diseise starts m the periosteum as a
prod penostitis ( ph ) but the possibility that the bones
are primarly mvolved cannot be excluded The new penost 1s formed
layer by laver the new layer supermposed on the preeastng one
(omonskin layers) gwing the newly formed peniost a ltmellary appear
ance (Fig 71)  As 1n other diseases of the skeleton the bones and the
periosteurn are synchronously affected there occurs a new formation of
bone (hyperostosis) cusing an merense mn the size and thickness of the
bone and a rarefaction 1 ¢ osteoporosts The corticalis and the compacty
are thined out  The process may be defined 2s a hypertrophic porotic
osteoporosts

The digits assume a club or drumstick shape due to edema nd to 1
proliferation of the soft tissue around the termunal phalanges  The nails
become thickened 1nd curved resembling the beak of a parrot and the
nail beds grow red and cyanotie particulardy m the actrve stages of the
process




120

Chineal Mamfcstation,

Tids  macroglossin s vollen
~] g ph of patent with redundant cyel sollen
lnrll-é; cngb:dh?n"g’éf ;nd ]ﬁsuhsm Roentgen apperance of cancer of lowe:
of left lung
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I'c 71—Bronchiogeme cancer of the left apex Roentgenogrun of the sight
hand and left foot showing extensnve wart like penosteal overgrowth and tufting of
the termmnal phalanges In the mset 15 the patients acromegibe ( oval ) face
showing prognathism and left Horner s syndrome
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The shape of the nail 15, indeed, the deformity to which Hippocrates
ongmallv called attention Pigean, in 1832, was the first to use the term
"Hippocratic fingers,” though unaware of ther Imk with generahzed
osteoarthropathy, which was not understood at the time At Present, 1t
1s unnersally accepted that clubbed fingers are a part of the discase

In the soft tissues surrounding the affected bones there occur prolifer-
ative and mdurative changes leading to a thichening of the shin and the
subcutaneous tissue  The shin assumes a “doughy” aspect, gvng the
false impression of edcma

Bones in Syphilis and Paget’s Disease.~In hypertrophic osteoarthrop-
athy as with acromegaly, the bones show an increase 1n thichness but
not n length  In syphihis and Paget's disease, ongmn]l)‘ ch‘fuscd, with

where 1t proliferates pmdxgmusi) The teeming sprrochetes irntate the
cartil cells, 1 g therr trnsformation mto osseous cells
and sunultancously enhancng their proliferative activity  This, m turn,
leads to a cellular overproduction, resulting in elongation of the bone
(The process occurs m mdiadunls of growing age, before 20 years of
age

gIt {s of interest that, unltke the tibr, the fibulh 1s only scantily vaded
by spirochetes, and as a result, the growth of the bone proceeds along
quasi phyvsiological Iines  Since the two bones are firmly attached at

the ends, the faster growing tibia will of necessity bow, while the fibula
. - ” 71~ 7 *saber legs

ibias How

1ysal grosth
has ceased, the clongation 15 due to a complete rebwlding of the b;)ne
proper, with an excessive formation m length, width, and thickness i ls
old bone 1s destroyed by ostcoclasts, and the fat marrow 1s contel est
into fibrous tissue, while the newly formed bone, built for the greate:

art by osteoblasts, persists as osteord

I“lt xs);\\useeuvulent t};lat the skeletal changes n generalized hyperrmphl'c
osteoarthropathy differ from those observed m syplubs and 1n P:ge::
disease  They are, however, a rephca of the skeletal changes se
acromegalic bones It s beheved that the two processes are r
etiologically

chted

PATHOGENESIS
. f
Circulatory Disturbance ~In 1832, Pigeaus wrote, | The x’ormam’)’n ?t
cunved nails 1s mfl 1 by cmb. m g

*» Pigeaux had no knowledge

al ns affecting ‘hematosis
e T : and like hus predecessors

of generalized hypertrophic osteoarthropathy,



Osteoartienlnr Manifestations 123

and successors to the day of Pierre Mane (1853-1940) he was concerned
solely with the clubbed fingers and the curved nails which he found 1n
tubereulous and “marwntic” mdivsduals  OF 200 phthisic patients studied
by Inm 67 showed “griffes huppocratques™ (Hipprocratic clws) One
third of these were marntics  He stressed “The curvature of the nails
and particularly the deselopment of the fusiform shape of the fingers
15 of evtreme importance s a prodromal sign mn latent tuberculosis and
shlt more 10 the derangement of hematosts » He observed that this
development may grow or dmunish m seventty and even disappear and
that 1t occurs more frequently i women than m men

Tuberculosis —The erminent physicran Troussein® stressed that tuber
culosis 15 the cause of clubbed fingers  The Hipprocrate fingers” he
wrote “wre charactenstic of tuberculosis only  Not all tuberculous indi
vidunls have Hipprocratic fingers but those who have them are with
few exceptions tuberculous  He went on  when patrents with a chronte
catarth accompamed by bronchual dilition reveal signs of phthisis I am
opposed to the diagnosis of tuberculosis if Hippocrttie fingers are
fackang

The dogmus of tuberculosts (Pigeaux Troussew) or of pulmonary
s ppurttion (Prerre Mane) as etraogreal factors he been tbandoned
but the concept of hemntosts s still m vogue  Attempts to reproduce
some land of “hematosis by evperimental means have vielded either
negative or ambiguous results  Moreover s 1s well known general
‘hypertropluc osteo wthropathy appenrs m the absence of signs of impaired
circulation or oxvgenition nd long before a tamor of the lung has
"ftained a size that could possibly ffect the resp ration or the urculitton

Dyspituitarism ~The concept that generaized hypertrophuc osteo
arthropathy 1s m all hkelhood caused by wm endocrine disturbance
dyspitantarssm 15 based on the followng premses |

At nand Trow sseau (1801 1867) one of e most pron nant Busopein chn cians

author of n m Mt volumed tre tse Trate de tlerapeut que w! ch has been trans
lated o the Englsd ling age and publ hed m many edtions The quotaton

ng—l hlcco Ilnotadentfy And vhatd & he mean Ly tle term H pprocrat e
n s t ta

.
. '

- 3
A 1ud  entary kno vledge of can r 1 general and cancer of e lung a p tahr
Auto) es were rarely p rformed by co petent patt olog sts  Cancer and tuberculoss
+ ere usunlly confuscd

$Sec Fred B M Ciron. pulmonary osteorthropathy~dyspt tarsm as a
Probible cause Arch Int Aed 72 565 1943
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by unknown processes  T'rom a review of a large series of reported cases,
the authors deduced that aneurysm of the gorta was responsible for the
syndrome 1n 69 per cent of cases, malignnt tumeors were responsible i
359 per cent, and syphihis (syphthitic medustintis and aortie aneurysm)
was the cause in 34 8 per cent of eases

In 2 study of 38 cases with supertor vena cava obstruction due to
cancer of the lung, 1t was found that in 30 mstances the tumor asose 1
the nght lung, and that n 90 per cent of cases 1t was made up of undif-
ferentiated cells

Diagnosis —The diagnosis is usually mede by companing the meastre-
ments of the venous pressure m the upper and lower cttremities  In fact,
thus may be the only practical method for recognizing the obstruction
The venous pressure i the arms 1s significantly higher than in the femoral
venous pressure  The arm to-tongue arculation time may be normal
m spute of the fact that the venous pressure 1s quite lugh  If prolonged
1t 1s usually less than might be anticipated from the height of the venous
pressure f I

Venous angiocardiography 1s the method chosen for diagnosis o t‘\e
obstruction that will give toprcal information when treatment 15 under
consideration  Jacobs and lus assocrates have utilized the saphenous
vem wstead of the antecubttal vemn for the mjection of 10dopyracet
into the blood stream In their expertence, this route has given more
satisfactory results

Trcntm?nl,—"ﬂlc treatment depends on the etiology of the obstruction,

whether it be tubercalous, syphihtic, mfl y or nez;phsnc I:)] n::le
1

neoplastic diseases, d. p s

used They afford symptomatic rehief and provide tune for the dew:‘;[:;

ment of a collateral arculation In cancer of the lung, radmtion

£
mustard gas therapy are used with palliation i a large percentage ©

cases .
Except for cancer, the prognosts 1s not necessandy unfavorable Zemt

reported a case of a man 68 years of age whe was under his obser\:ﬂ:::
for 19 years The cavse of the obstructive signs and syv;pmmls": i
patient had been explamed on the basis of a syphtlitic mediastin S
secondary venous thrombosis  Hansen and his associates ]r;pvem o
new operative procedure successfully used by themhon a E:r“m)m o
age whereby the azygos ven was anastomosed to : ;xg ‘Enm o
their case the possibility of a congemtal deformity ‘i] t ,;cts:,ﬁ] o

cava caustag the syndrome could not be excleded  Mc. Z] s e
ciates observed the superor vena cava syndrome c:lua‘e ; yD R

thoracie gorter  The pahent was cured after 2 subtotc(ux tn);;; it
They suggest that substernal goiter should be constdered 1

tral diagnosis of the syndrome
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Recurrent Peripheral Thrombophlebitis
' 3
'
H
ot the abdomen It tends to regress and recur  Unbike mtectious or
marntic thromboses the thrombosed vein 1n cancer pitients show vir
tually no sign of infl immation

Troussetu was probably the first to call attention to this phenomenon
He wrote  Vhen you are uncertamn about the nature of 1 disese of the
stomach whether 1t 15 a chronic gastniis an ulcer or a carcinomn the
finding of phlegmana alf @ folens 1 the leg or wm wilt dispel your doubts
and emble you to state that you are deahing with 1 earcmoma 1 have
demonstrated cses of obliteratne phlebitis in carcinom of the stomach
15 well as a cncer of other organs ”

Sproul 1n an analysis of 4258 autopstes on cincer pattents found
multiple thrombosis m 31 1 per cent of cases of etrcinoma of the tul of
the pancreas 1n 13 per cent of carcmoma of the stomach and m 25
per cent of carcmomn of the lungs  In Edwards 29 cases of thrombo
phlebitis—23 from hterature and 6 of his own—-16 were found 1 carct
noma of the pancreas 4 in carcinoma of the stomach 2 creinoma of
the gallbladder 4 i ciremoma of the lungs and 3 were of unknown
ongn Barker m an walysis of 166 cases of peripheral thrombophlebitss
found carcinoma to be the most frequentlv associated condition (at times
mn fact the first chmeal mamfestation) particularly n creinomn of the
lung and the pancreas  Cooper and Barker reported 4 cases with recur
rent venous thrombosis 1n cancer of the lung—unditgnosed until autopss
The pulmonary signs and symptoms as well as the x ray appearance had
been interpreted as a pulmonary mfarct

Fisher and hus associates reported 4 ctses n which thrombophlebitis
antedated the onset of mamfestations of primary pulmon ry cancers by
severnl months

It 15 the consensus that the occurrence of a recurrent mgratory throm
bophlebitis which cannot be attributed to any of Lhe known causes (such
as operations pregnancy blood d bl or
prolonged bed rest) points toward the possibility of an obscure visceral
cancer

The etiology of the spontineously occurring phlebitis in visceral cancer
is not understood It occurs i patients with no sign of debility or dehy
dration 1nd 1n the absence of local pressure or stasis  The composttion
of the blood too—its dynimies as well as sts coagulability—has provided
1o clues

9
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6

3 The Brachial Plexus Syndrome

The Brachial Plexus —The brachnl plous 1s made up of the nnterior
prmary division of the fourth fifth sinth scventh and eighth lower
cervicil nerves and of the greater put of the thorteic nerve  After
emergence from therr respectrs e mtervertebral forimina the nerves con
verge toward the upper border of the first b unite to form three trunks

'R
i

Fic 74 —Dragram of an anatomcal preparation sl owing regmnh"a\‘ﬁ:’a'n{:
tumor of the left thoracic apex Tle clwicle and sechions of the ; ! tal pletca
nlcen ha » hoen removed  Tle ex of e Jung together with pancty, PX
mt

1on

smt

st
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and then divide nto cords from which the nerves of the upper extremity
are derved (Fig 74)

The Syndrome —This svndrome 1s made up of several components
Pan m the shoulder girdle 1s one of the earliest and most outstanding,
The pam 1s perststent and often so severe as to absorb fully the attention
of the patient and physiciin alike  In fict the pain 15 the chief com
plunt throughout the entire course of the illness Therapy s usuvally

Fie 75 —Cancer of the left p Tn onary apex (s penor pulmonary sulcus tumor)

concentrited on the punful shoulder jomt--diagnosed as bursitts or arth
nitis—while the apreal cancer which 15 primanly responsible for the symp
toms 15 averlooked until merdentally discovered by the roentgenologist
or until the appearince of a superficial {supraclavicultr or infraclavie-
ulir) adenopathy

The brachnl plexus sy ndrome 15 also of mterest because 1t demonstrates
the aberrmnt mnifestitions so often observed m cancer of the lung as
m many ccers of other organs  Formerly chmoans when faced “eth



132 Clinteal Manifestations

“erratic” symptoms, alwavs suspected syphikis as the cause (“cherches
la syplulis”™)  Physicians of our era should apply this dictum to cancer
(“cherchez e cancer™)

The brachual-plevus syndrome {often called the “Pancoast syndrome}
15 due, not so much to the mkgn it discase per se, as to 1ts topography
The tumor encroachies on the bracinal plexus, producmg at the onsct 2
retetne neurts and, nlmately, a full fledged syndrome  The compo
nents of the svadrome will be taken up one by one

e e o
[ Yy -7 42‘45

. leen
Fic 76 ~The apical cincer embedded 1 sewr tissue Su?v l?m:‘icr:\c:n(ﬂ)
crroneowsly described as having onginited 1n & sewr {Nasf pnbrebs o

Topography of the Tmaor —The cancet arises in tl:e m|;c?sa (:]f( ‘1\:
termimal bronchole at the verv apex of the hung  1With the xoelm;l:n
rav Rlms 1t 15 seen s a convex density beneath the dome of ftl\e gbmt;c‘
casting a shadow charactersstie of 2 thrckened p)eumhn‘;dzlam gk
(\1ber£l|lgus scar (Fig 75) The tumor 15 usuilly embedded o)
Rhwoms hsene having the structure of 2 healed tubexmﬂ:as:s (Fig

PP

1,
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where 1t reaches the brachil plexus wduces 1 reactive neurtis at first
and utimately through presitire and filiration 1 constant neuritis

Pam —The exly symptoms refer to pan mn one or several pomts  the
shoulder the scapula the anterior upper part of the thorwe the aulla
the ulor side of the foreurm and the inside of the arm  The pun which
15 usunlly restricted to 2 limited ea s sharp burming or shootmg and
shows remissions It 1s related to the imvolved spinal nenves to the imta
tion of the upper thoricic nerves 1s they emerge from the mtervertebral
forumina or to an encrowchment of the tumor on the paret1l pleurt
which 1s provided with fibers from the mtircostal nerves (Fig 77)
Stk ansing m the panctl pleura produce surfice puns that hwe 4
segmental distibution

e PEST, CUTANEIRES CRANCH

/umccsrn. NLRVE

“BRANCH TO PARITYAL PLEURA
“NRarit coMMUNICANTES
SYMPATHLTIC CANSLION

116 7T —Daagram sho ving the components of the thora ¢ sp il nerve (Rty B S
Tumors of tlc apex of tle chest courtesy of § rg Gynec & Obst 67 577 193}

All nerves of the brachnl plexus mav be simultaneously mvolved \When
the cavacal plexus is affected  pun occurs 1 the side of the neck ridiat
g to the 13w or behmd the exr  When the tranks are nvohved the
symptoms are radiculw but when the cords are iolved the pun 1s
referred to the penpheral nerves

Muscular Atrophy —Pun 15 accompanied by wethness and by atrophs
of the wm of the affected herithorax  The atrophic changes begin 1n
the sm iller muscles of the hand (the hypotenir and interosse) because
of the carl mvohcment of the lower nerves (the aghth cenvieal and
the first thoricic) of the brachial plesus

FParcsthesias —Pwesthesias as evadenced by 4 sensation of tinglng and
pins and necdles are of frequent occurrence
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Paralysis —Two types of parilyses are distmguishable

1 The Duchenne Erb or upper arm tvpe 1n which the ffth and sith
cervieal roots are mvolved the roots and trunks between the first ribs or
clavicle and the transverse processes of the vertebra beng compressed

2 The Dejerine Klumple or lower arm type of paralysis results from
the mnvolvement of the nerves dernved from the eighth cervical and first
thoricie roots (Fig 78)

Tlere ss ellng
eft monopleg &

Fie 78 —A pitient with eancer of tlc left pulmoniry apex
of the left s pr clwiculir fossa a Fomolateral Homers syndrone )

nd edema of tle left arm

3

Horners :}:
eyeball dro csm
striction of d
the vasomotor and sudomotor actvities of the faciil skin (bigs Ug;l;‘:c

78) It results trom the destruction of the thoracocersical g
cham at or above the first thoracic sympathetic ganglion In someT[;:s
tients anhydrosis of the face probably precedes the oculir c}mngesn e
1s to be expected becse the apical cancer first encroaches upo "
nerves below the first thoracic sympathetic ganglions causing 1 symp.

thetic and not an ocular paralysis

Lindgren reported a casg 1n which the skin of the affefct;zd snd: ;‘ E\:::;
pigmented followmg ultraviolet rrradtation than that of :19 ll:o \he aud
side The zone of pigmentition was sharply demrcate: }1 ented
Lne and although the face and neck subsequently became p S::i untid
the difference mn pigmentation on the chest and back remam!
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the patients derth The failure of the skin to show pigmentation was
attributed to an mvolvement of the sympathetic nerves by the apical
tumor

p 1y —Cough expectorition, hemop
tysis and blood streaked sputum as well s systemic disturbances appear
in the later stages of the disease but are usunlly echpsed by the neuro
logieal manifestations

etastatic —As 1m cancer located m other parts of the lung the apical
cancer metastasizes to distant orgwns including the adrenals and the
brun  Skeletal metastises are detected first m the upper three ribs on
the 1psilateral side and m the clavienle

Diagnosts —Pam m the shoulder girdle which 1s frequently the earhest
manifestahion 15 usunlly attnbuted to “rhenmitsm  wthnts” or bur
sitis and the dense wwea seen with the vravs 1s mismterpreted as a
thickcned pleura or a fibrotic tuberculosts  The dignosis 15 usually
armed at when the disease 15 advanced and no longer amenable to
effective treitment

The apical location of the tumor precludes 1 bronchoscopic mspection
Whether bronchinl washings are apt to yield cancer cells remains to be
ascertuned  The following procedures should be resorted to whenever
possible (1) a scalene node biopsy should be performed ey en though the
node may not be palpable or may appear mamfestly normal (2) a pune
ture biopsy

Differentinl Diagnosis —As stated above the tumor 15 mstaken for
tuberculosis or for 1 degenerative lesion of the shoulder jont It has
also been mustaken for the scalenus anticus syndrome

Scalenus Anticus Syndrome The scalenus anticus muscle 1s attached
to the antersor tubercles of the t I of the third fourth
fifth and sixth cervical vertebrae from where 1t courses downward and
1s isated 1 the seilene tubercle on the mside of the upper surface of
the first rib It 1s located i front of the subclavian artery and brachil
plexus and behind the subcliviwn vemn  The components of the brachial
plevus which emerge from therr respective foramma he behind the
medi) surfice of the muscle

The symptoms (motor and sensory) e caused by it ation or com
pression of the brachil pluxus which ts mimated by spasm or hyper
trophy of the scalenus wnttcus muscle  The Horner s syndrome does not
follow the scalenus wticus svndrome unless the brachil plewns has been
mjected with procun for therapeutic purposes

Brancltogenic cancer 1s clinically 4 counterpart of the cincer described
ove It his been found to oriimate abote the dome of the pleurt and
from the lower branchual cleft Like the 1pical pulmomry cancer the
brnchiogenic encer mduces the charictenstie brachil plevus syndrome
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Neurogeme and thymogenic tumors have been found to mduce the
sime syndrome

Metastatic tumors from various abdominal viscera and also from the
breast and cervix oceasionally reach the pulmonary apex and induce
mamifestitions quast simlar to the prmary apical lung cancer It
15 necessary to be on guard agunst such n eventuality

Treatment ~Pallition hias been obtuned by the use of mtrogen mus
tud nd ridintion  Therapy had been applied too often when the
diserse was 1dvanced  Chardack and MacCallum dared to approrch
the problem surgically  They operated upon 2 54 year old male pihent
with 1 ecer 1n the night pulmonary mlet that had produced a brachial
plexus syndrome  The tumor extended through the apex of the pleuril
dome mto the brachnl plexus mvoh g roots T-1 and C-7 Surgical
remov 1l was accomplished and followed by rwdnmtron therapy No
recurrence of the neoplism was noticed for 5 yers after the operation
The patient remumed asymptomatic

Untreated patients rapidly detertor e as 1 result of the narcotics which
they consume 1 lrge quantities and which offers them shght rehef
The durition of the illness 1s tbout the same s m other types of pulmo
niry cincer estending from 1 to 1 years from the time the diagnosis
his becn made

Neuropathy

It his been obserscd that neuromusculir disorders eccur m patients
with cncer of the lung with no metastuses to the central nervous system
wmd no mvoliement of mdwidual nerves (by perneural infltration)
with cincer cells  The disorders have been clssified as (1) cerebellir
degenerttion (2} peripheral neuropthy (predominantly motor pre
dommnntly sensory or mixed) and found m <bout 2 per cent of mml

with cireimomn of the breast ovares and stomich while neutupt
have been observed i cancer of the lung only \
Brtish observers who have called attention to these disorders ssgg:“\sc
the possibility of two dissimilir syndromes namely 2 ccrebe:\r synoarm‘d
assocnted perhaps with eancer in general and a neuropat yﬂus‘“s o
with cancer of the lungs only No explnation for the neuropathy ’ (hise
been found It has been noticed however that i the majority ; he
cases the nervous disorder was the first evidence of the disease of the Jung
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8

Penipheral Lymphoadenopathy

In mahgnwt epithelnl tumors and n lymphomatord discase the find
mg of a4 peripheral lymphoadenopathy is of duignostic therapeutic wnd
prognostre significince It 15 mdeed ymperitive that every pitient be
thoroughly exammed for the presence of superfienil lymph nodes which
may harbor a metistasis froma silent visceral cancer or a lymphema

In the past the serch for 2 periphert! lymphoadenopathy n eancer of
the hung was Jugely neglected ind the meidence wis greatly under
estimited  With the advent of the modemn therapeutic approch to
pulmonary cincer such a seirch bis become obligitory I a number
of cases the cwncerized Ivmph node may be the first and enly ¢vidence
of a dormint mahgnant diseise somewhere m the body n a number of
other cases it will 1ttest to the dissemmation of the discase whach therc
fore precludes the use of “heroic theripeutic measures  While 1 mumute
bronchiogeme cancer will occasiontlly show 1 metastasis to a peripheral
lymph node the periphcral nodes e most friquently timaded m the
more wdvanced stages of the disense In cancer of the lung 1t has been
found m from 20 to 25 per cent of cases

9

Cancer of the Lung and Faberculosts

Cancer of the Jung was regarded as 1 very rue discase (1 museum
speamen ) i the nineteenth century while tuberculosis of the lung (the
white plague } wns quast epidemie  In the twenbieth century however
the pieture chinged when pulmonary cincer begin to ssume quast
epidemre proportions while pulmonary tuberculosis begwn to show 1
drimatic dechne It ws conjecturced that the two processes were hnked
1e that v considerable percentige of salaged consumptives (as well
as those who ¢id not contract tuberculosis) h1d survived only to attun
e cancer age wnd beeome victims of pulmonary cwncer It was further
surmised that with the advent of modern antituberculosss therapy the
number of salsaged persons would multiph and provide strll more “cands
dates” for the mthgnint discase of the bronchus

The statements made by some observers thit an etiologec] reltion
ship ewsts betwcen tuberculosss of the hing ind ewncer of the hung, and
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by other observers fhat the two discases are mutually antagonmstic, are
no longer considered salid  Cases of the assoctitton (symbioss) of tuber
calosis and cancer m the same person, and also m the sme lung, bwve
been reported smce the 1850s and for the pust three decades many ac-
counts of such cases have been published  The problem has assumed
particular smportance because, according to eprlemiologists, “tubercu
Tosts has naw become a discase of rmiddle age ant older persons predoms
nantly” (Krupha and Breslow ) They hwe estimated that the average
age of death from pulmonary tubercilosis has mercased from 33 3 years
n 1929 to 499 vears i 1930, an age at which cancer of the tung 1
encountered frequently

P J:«;S.‘,u‘ re
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=

Tic 79 —A tuberculous cassty with sts wll covered by eamser cells

In some cases cancer cells were found covering the wall of a mb‘erctuc
lous cavity (Fig 79), and n others the cavity was filled w th ;zlmzlp 1:: eln
tissue (Frg 80) In both mstinces the malignant (hsms&s) 1‘ W
stated to hwve ansen in the wall of the cavity  However, here ? o
nontuberculous patrents, cancer arosc i the wall of the bm"d:’i Dr{r.‘ "
where 1t penetrated the cauty  The mechamsm of c‘mccnﬁ:enc o
tuberculous cavity brunc)nogclec caramoma (‘.Sn simtlar to| c};‘my
Lihzation of a br 16, lous or 4
The notion that the cpithelum ‘imported” mto the cavity iromc\::c:u‘ls
side became cancerons 15, to my hnowledge, agast the bmfcthe lm&s
of oncology ~ Cancer found m tuberculous scrs at the apices o 2
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Ikewise did not origmite 1 sitw, but w1s mported from the adjacent
bronchiogenic cancer

Clinical Contingencies,—From the climcal pomt of view the following
possibilities are to be considered

Fic B0—A tuberculous cavity fifled with cancer from the brondl us

1 Cuacer 15 berag mustther for tuberculosts

2 Tubercalosis s beng mistaken for cancer

3 Cuwcer and tuberculosts are assoented (a) m the same lung, (b)
m different lungs (Figs 81 and 82)

It hd been a unwversal practice 1n former years to make an erroncous
dingnosis of tuberculons when cancer was present  The opmion of
Troussc w, as quoted on page 123, 15 a cuse in pomt  Even m the first
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decades of this century, patients with cancer of the lung were almost
always diagnosed as tuberculous and referred to tuberculosis sanatoria
(It was m such an mstitution that I had the opportunity to observe my
first patients with cancer of the lung.) In fact, in the past almost all
pattents with pulmonary cancer were customanly referred to santona

erculosis of both upper lobes
B was tiken 4 years

after A C was taken 1 year after B, and D was taken 2 years after €

Fic 81 —Carcinoma of the night upper lobe and tub
The 4 roentgenograms were taken over 2 petiod of 7 years

as tuberculosis cases Now, with the prevailing interest m pulmfn]:’z
cancer, the reverse 1s taking place, te, tuberculosis 1s bemg mista

or cancer

f \Vhe:etuberculosls 1s compheated by bronchual stenosis, 1t 1 pﬂr;;rc:‘:z:ly
apt to be confused with cancer Tuberculosis of the largae(r) o cent’
virtually unknown three decades ago, 15 now found 1n nbgu: ths forma-
of mdividuals with pulmonary tuberculosis Tt usually Jeads to
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tion of 1 sear with retraction and partial (occasionally complete} obstruc
tion of the bronchnl lumen inducing bronchnl lesions that mtate
stenosis produced by cancer of the bronchus

Tuberculous prolferition that takes place i inthracotic trachcobron
chial lymph nodes leads to a deforming bronchitis and gradually to an
occlusion of the Jobir bronchus  As mn malignant bronchostenosis
atelectasis and atelectatic pneumomitis develop 1n the pulmonary lobe

o e

[

—_— w

Fe 82—Can erof te ] ng orgnatog o the reht | lus an1 tul erculo §s of botl
ngs Hydropneu nothorax

and lead to p wduraton P have been per
formed on pﬁhents with indurative pneumonitis which often induces
suppurative bronch tis 12 pneumomtis absccss and gangrene (sunidar
to the abscess and g observed m b cancer)  Congh
productne of blood streahed sputum and occasionally hemoptysts occur
m the early stages of the diseise  Unilateral fibrocaseous tuberculosis 1s
particularly prone to be mistken for cancer
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Bronchil Cancer Combined with Tuk losis of the Lung—
Statistics hitherto reported estimated a combuation of the two discases
to exist 1n about 15 per cent of cases of cancer of the lung  Generally
figures depend on the mterest of the particular 1nstitution 1 cancer,
tuberculosis, or both, and on the zeal of the pathologust

It was the contention of former authonties that the tuberculous
lesion of these patients 15 usually of the healing or healed type, and that
therr sputums are mvariably negatwve for tubercle baaill  In my own
mvestigations fibrotic, fibrocavitary and pneumonic types were found
The sputum was positive m more than one third of the patients, negatne
n one half, and not mvestigated 1 those remamng  With modern
bacteriological methods of mvestigation, the percentage of postie
sputums has been shown to be steadily mcreasing

As a rule, the mabgnant discase developed n the older consumptues,
two thurds of the patients were 50 to 70 years of age

The patsents may be divided nto these whose tuberculosss was asymp
tomatic at the time when the cancer appeared, and those who hd hid
svmptoms of tuberculosis when the cancer appeared In some of them_ the
malignant discase started abruptly with a severe “cold,” “mfluenza,’ or

pneumona,” 1 others 1t developed msidiously with a steady loss of
weight, mercasing weakness and exacerbation of cough 1In a few i
stances the mahgnant diease revealed atself by a small hemoptysis or
blood streaked sputum

The combmation of the two diseses 1s encountered 1 one of tao ways

1 Cancer develops m the Jobe affccted by tuberculosis (Tigs 81 and
82) In these cases tuberculosss, the ester discase to diagnose, takes :he
ascendency  The prompt 1my m the tuberculous patient
to the use of the “magic drug’ —and the disappearance of the pathogenic
infection of the lung both eclipse the coewstent malignant disease
2 Cancer develops m a lobe not affected by the acid fast mfection

This 15 usually mterpreted as o “spread  of the tuberculous infection ;

In my own cases, as i those of others, the dise1se was origmally dug
nosed as tuberculosts, while the cancer was overlooked In fact, most
of the reports on the combmation of the two diseases, published m the
last few years, have onginated i tubereulosis sanatoria .

The duration of the illness 1n the “symbrotic group was, as a rule,
not much shorter than mn patients with ciremoma alone The pahents

sticcumbed to cancer, not tuberculosis
An earh 1d of the comk of tuberculosis and cancer

15 of primary 1mportance from a therapeutic pount of view, whether S\‘;rgl;
cal or radwologic The detrimental effect of xrays on a tuberculou

rocess s widely known
P Tuberculoma ~Not onlv 15 the fbrocaseous type of tubereulosis con

fused with cancer, but certain types of isolated tuberculous foc: are also
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Fic 83 —Tuberculom1 of the left wpper hbe Lol ectomy  Lesion consists of a
caseated center surrounded by 1 thick wall mide up of fuberculous granulation
tasue

i

4

Tic 81 —Tuberculom1 postersnteror and literdl views  Incidental finding
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linble to be erroncously mterpreted as bronchiogeme cancer  Of particu
Irr anterest 15 the so c1lled tuberculomy which although dentified m
the bran long 1go has only recently been recogmized m the lung  On
x r1y exammton 1t 1s vistble 15 1 round o1 ovord dense shidow (usually
smgle) which s well demre ted from the surrounding normal pulmonary

heeele 11c
Fic 85—A tiberculoma n a‘{m ent vith sput m post e fort ast ¢ from

~xam n tion C metas
B bronch ogen ¢ cancer 1scovered at ro tne x ray €
& cancer of t}c breast D noperable cancer of the hung
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parenchyma (Figs 83 84 and 85) It often contwms foct of calerum
deposits which on cut surface may have 1 hmmated apperance  This
finding 15 of xmportance because cancer very rirely shows caleified de
posits  The tubercwlom 1s uswally locwted m the lower lobe and prob
ably alw 1ys 1n the vicinity of the pleura

‘The m1ss 1 as hard as stone due to caleification or hy Mimization or at
1s somewhat pisty due to its caseous center (Fig 83) In these cases
the lesion 15 enveloped 1n 1 thick fibrous cipsule which on histologcal
ewammition reveals tuberculous granulation tissue  The size of the
tuberculoma 1s vamble rangmg betw een 2 and 10 em 1n diameter

Such 1 lesion 15 1n 11} likebhood tuberculous although this findng has
not been accepted umversally  Not only the histologiel structure of the
capsule but 1ts location as well spe ks for its tuberculous nature prob
ably 1 remnant of the primary mfection with tubercle bicillus defined
as the Primary Complex

The tuberculous nature of the lesion 1 disputed by some observers
becuse of therr failure to detect tubercle bicill: theretn  However Black
and Ackerman found Rochs biailli n 3 out of 15 cises Wang found
1c1d fast microorgnisms mn 3 of 19 cises nd Bleyer nd Marks found
the baailli i 3 of § c1ses eximined by them  In many cases parenchymnl
tuberculous lesions were found m the presence of tuberculoma  In fact

ver the tuberculous granul 15 d d « search for tuber

culoss i other parts of the lung should be mstituted

To be sure a fungal infection or n nfection with pathogenic micro
orgamsms may mduce lesions not untihe the tuberculomn The dignosis
15 therefore beset with some difficulties Most of the patients 1re symptom
free 72 per cent according to Wang and 50 per cent according to Bleyer
and Marks  In Black and Ackermans senes of 18 cises 6 were “ulent ™
while 1n 12 the complunts were indicative of pnenmonttrs The per
centage of cases diignosed hitherto his been rather small  Instances
however have been observed m which the silent tubcreulomis became
active and nduced 1 spread of the tuberculous infection It 1s the
consensus of opmion that the lesion should be removed surgically

10

Cancer of the Lung 1n the Asthmatic

The dnger of overloohing the adsent of cancer of the lung m
person with a long standing, cough 15 greater than i 2 person with na
Previous resprrtory disease This holds partreularly true of asthmatics
mn which the disease s a tendency to displiy pertodic exacerbations

10
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However af an wsthmatic of middle ng particuliely v male begs to
show intensification of tis long standing ulment dexclops pun Bm the
chest ind constitutionn] changes the possibility of 1 malignnt disease
of the lung should be considered Genernlly the apperrinee of fever and
of ¢lulls 1n asthmatics 1s m nonasthmatics w rwrants prompt nvestigt
tion for bronchid obstruction e bronchoscapy wnd cytobactcnologicl
eviminition of the sputum 1t h1s been repeitedly observed thut pa
tients with bronchiogeme cancer were tretted as chronte asthmattes
while the cancer atself went unnoticed

11

Cancer of the Lung and Brouchiectasis

Unthitenal basal bronchiectisis complicated by pnoumomts yrelds
physical and roentgenologictl signs not unlike those of cincer of the
lung  Episodes of fever blood streiked sputum  and constitutionl
symptoms re suggestive of chrome bronchicctisis 1s well 1s of malignant
disese of the lung A punstthing history and 1 thorough mestigition
are essential w order ta wrne A 1 correct diignosis

Bronchiectsis 1s encountered fir more oftcn m adenomn of the g
than mn caremomi of the lung  This 15 due to the ustal tightness of the
bronchial occlusion in bronchitl adenomi 1 to the protracted comse
of the disease  In carcimomn of the bronchus « complete closure of the
bronchi! Inmen 15 not 1w 1ys effected the tumor often crumbles making
a “fenestrition 0 the occluded bronchus and letting the i seep m
Morcoser the duration of the llness in circnom 15 not long enou.h to
allow extensive brounchrectass to take phce  In fict whenever a con
siderible amount of bronchiectsis 1s found m 1 patint with 1 lung
cneer 1t has most Ithely preceded the meeption of the cncer

12

Pneumonoconiosts Mistaken for Cancer of the Lung

Diseses of the Jungs caused by dust mav produce symptoms that
sihicr winch pro

sugacst cancer of the lung  Of particular nterest 1
duces chiractenistic anatomic lesions m the lungs Chmmliy sihcosss
duces (1) 1 cough productive of 1 mucopurulent sputum (2) dyspnea
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(3) paun in the chest (4) Joss of weight nd (5) anorenr  The physieal
signs are similar to thosc observed in cther fibrotic conditions of the
Tungs  While typeal silicosis 15 chiractenized by nodules dissemnated
throughout both pul fields and ast 1s chirncterszed by the
ground glass appearance of the lungs 1 a number of cases there oceurs
a confluent fibrosis with enlarged tular shadows (Fig 86) These coales

cent fibrotic areas have been mistiken for cancer of the lung  Formerly

cancer w1s mvartably mustiken for an mflammatory condition 2t present
the reverse often takes plice (Fig 87)

~
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H
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Fre 66 —Pne mocon osis ( I cotul erculo s) confiuent type m taken for
cancer of the lung

Bradshw and Chodoff reported two illustrative cises Their first
prttent p d p and roentgenological evidence sumgest
of cancer of the lung  Th1t the patient was exposed to sihceous dust for
tnumber of yers was known but not seriously gone mto A thoracotomy
was performed the lung removed and whit grossly seemed to be a
caremoma was found histologieally to be 1 confluent type of anthraco
silicosis

Their second patients complants were compatible with a mihgnant
disease of the lung 1 diagnosis that was entertuned m three different
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Fic 87 -—Granulom of night upper lobe rustaken for carcmoma  The cellulyr rere
tion consists of mactophiges erroneously dignosed as cancer cells

hospitals  With the bronchoscope, the Jumen of the right bronchus ap
peared to be almost completely obliterated at the level of the middle lobe
This was attnbuted to an extrabronchual Jesion  The trachey was devi-
ated to the affected stde This patient, too, had been a mmer for a
number of years, and, as m the first case, no particulur mmportance w1s
attached to this fact  An expk y th was performed, wnd
a large firm mass m the upper lobe was ditgnosed as caranom?, but
under the microscope 1t was found to be anthracosilicosis with extensive
fibrosis and consolidation
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As can be seen the occupationl history of the patient 1s of paramount
mportance 1 cancer of the lung 1s mdeed m other pulmonary diseases

13

Closing Note

In the past, prtmary ctremoma of the lung v s overlooked bectuse
1t was considered a great ranty At present howeser the endemyc spread
of pulmonary cancer 15 widely known nd physicrins a5 1 rule we
famtliwr with the frequent occurrence of the disease as well s with the
current methods of dimgnosis  Failure to discover cises m the curler
{opertble) stiges 15 no longer due to lack of “suspicion” on the part of
the doctor but cluefly to the nature of the dise1se and mdecd to the
attitude of the patient

The eurly phases of cancer of the lung (s wcll as cancer of other
organs) generlly are not herilded by alwming signs or symptoms  In
fact 1t Las often been stated that cincer of the lung s usually “silent™ 2t
the onset However the silence 1s more tpparent than real

In Chapter 1 evidence was presented that pulmonary cncer gencrally
anses m the mucosa of 4 lirge bronchus te 1n the stem bronchus or one
of the mun branches and that it amses in 1 smill bronchiole it the
periphery of the lung only in about 20 per cent of cses  While most
pertpheral cancers remam 1syvmptomatie for i indc finste but considerable
time 1 the centril type of cincer symptoms ppear rither promptly
The bronchia) tube s which the cncer rises as well as the tributary
segment of tl¢ lung reacts prompth to the newcomer  The rection
consists of a distt thince n the respiratory cycle changes n the pulmo
nary puenchvmt and w lmost instantaneous apperince of 1 tussne
reflex. This 1y wccompimicd or soon followed by a svstemic reaction
te indispopositton nd 31 low gride fever It his been stressed that
these symptoms although mild “should be treated with circumspection
when they appear i persons (particulirly males) of cncer agc

The mildness (erroncously defined “silence”) of the incipient phises
of pulmonry cancer 1 no doubt the mun stumblng block 1n the ding
nosis 1t the onset of the diseise  Pitients consult 1 physicran many
months after the onset of symptoms and they tre usualh opposed ta
sug,estions or requests to undergo costlv wnd time consurming 1M estiga
tions  The poliey of “w ut ind sce” 15 no longer adhered to by the phvsi
e todn but rather by the puient who 1 often lothe to 1ssocrite
hrs trfing sviptoms with a scrious illness let 1lone 2 possible cancer
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Therefore the tests are usually postponed until the advent of pronounced
symptoms such as blood strerked sputum hemoptysis or pam

It 15 well to pomt out that this attitude lso holds true when cancer
of other organs 15 mvolved It has been stated repectedly that w
clmical practice the finding of an early cancer of the cervit 1s a ranty
Urologists wrote Greevy e confronted by the hard fact that at least
95 per cent of patients (with eancer of the prostite} have an moperable
or unrecognizable lesion so far s cure 1s concerned when they are
first scen

It 15 of mterest that although cincer of the prostate (to quote one
cxample) occurs with much greater frequency than camcer of the
Jangs attention 15 focused chrefly on the pulmonary cwicer The success
obtamed i discovering erly cuses of tuberculosis by mass © r1y surveys
his prompted investigators to apply the same method mn the search for
“early 1c operable cases of cancer of the lung  The wnalogy however
1s preposterous bectuse the concept of case findmg m tuberculosis was
based essentually if not exclusively on the 1dey of prevention Indeed
the discovery of smgle c1ses of unsuspected tuberculosis was an effective
measure agamst the propagation of the contxgious disewse This of
course does not apply to cancer of the lung \orcover the opiion
wide spread thit the mass surveys conducted by speciilists have fatled to
uncover bronchiogenic cancer 1 a sigmficintly earher phase than thit
seen m ordinary medienl practice As T huve stated above  the so called
general practittoner of today 15 well acquamted with the nddle of
cancer of the lung  The xmmense merese of this disese observed
recent vers 1s largely due to the alertness of the general practitioner and
the internist who 1re the first to see the patrent

The statement was made before that failure to discover cancer of the
lung, n 1ts earlier phises 1s due chuefly to the nature of the disease and
also to the attitude of the patient  Smce cncer of the lung 1s but a pt
of the larger problem of mahgnant disease 1ts nature will not be under
stood unty] the solution of the entire problem 1s at hand but the atptude
of the patient en be ltered through expinded educ tion
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The study of metastases should concern itself with

1 The propensity of the tumor to spread to distant organs

2 The route used by the neoplastic cells to reach distant organs
3 The predilection of metastises for certun organs

4 The chinical manifestations

5 The management

MODES OF DISSEMINATION

Hematogenous —The blood stream 15 looked upon as the essentiil mode
of transportation of neoplastic cells to distant organs  Clusters of cells
probably of microscopic dimenstons, enter the vems from the lymphatics,
which are the first structures to be mvaded Seme lymphatics are be
heved to open directly mto the vems Neoplistic cells also mvade the
walls of blood vessels and propagate by way of the vasa vasorum (Fig
88) Early pathological changes take place m blood vessels m the vicimty
of a cancer, the vems are usually affected at the onset of the disease wd
the artertes at 1 later period  As m mﬂ]mmntory conditions of bicterial

“ ' s The miigant
89) pass through

A .‘;.-_‘
0

R TSI

Fic 89 —A neoplistic thrombus almost completely occluding a pnlmoniry ven
1t
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Metastatic spread 1s effected along three man currents

1 The pulmonary artery~for cancer of the ung

2 The vena porta—for mtestinal cancer

3 The vena cn a—for extrapul ry and ext ] cancers

Fic 90 —The system of vertebral vem as depicted by Batson {sclematc drawing)

Batson by mjectmg opaque material mto superficial veins ohf cad::\t::
and Ine monheys observed that metastasis 19 effected through 1 5y

CS
of valveless vertebral vems These vems have free and nich an::;o‘x;:ty
at each spmal segment with the vems of the (hcmcoabdoml‘ B
(Fig 90) With exery compression of the trunk the mntratruncal
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15 rauded to 2 suffcient hesght so that blood flows not wto the mfenor
veni cua bat wto the vertebral vemns and carries with it neoplistic
cells {or bactena)

Batson found that these tntercommumnicating s ewns are the site of fre
quent reversals of flow creating a pathway up and down the spime wiich
bvpasses the heart or lungs  Stmee the pathway has many connections
1t provides a ready velucle for unorthodos metastatic pitterns  He thes
ctplamed why the lungs e free from metstises m mstances where
they were present m other visceral organs

Zewdmm 1nd Buss have shown that while some cincers upon reach
g the lungs v the arculition settle there and set up metastatic foct
others prss immedintely from the pulmoniry mto the systemic areuly
tion and produce metistises m extrapulmanary viscert lewing the
lungs mtact

DISSEMINATION OF BRONCHIOGENIC CANCER

{Cancer of the lung arses from the basal cells of the bronchitl mucosa
The neoplastic cells then advance toward the ¢ ronchiil Jumen and form
w wtrilumind growth which in tarn leads to t narrmwing nd to occlu
siom of the bronchia} onfice  In many cases the cells grow around the
bronchinl wall causmg s mamfold thickenmg and trinsforming the
bronchus into a ngd tube  In many others they grow toward the trichea
wd esophagus nducing dyspner and dysphagre (Fi, 91)  Fimily
they spread toward the pulmonary parenchymr and on to distant organs

The mode of 1dvance of cancer of the fung varies to a grest extent
from one type to another  The most frequeatly encountered squamous
cell vancer s wees m broid shedts or in narrow colummns shich pro
duce \ strom that often leads to the tumors imprisonment and to
retardation i sts progress (Fig 92)  In adenncarcinoma the stroraa 1s
less pronounced and in 01t cell canccrs 1t 1s even less naticeable  The
ertiligenons plites of the bronchial walls do not apede the progress af
the tumor but re usutlly prssed surrounded or nvided  Some tumors
form bulky masses nround the bronchus which compress its walls and
nirrow its lumen causiog an extrinsre bronchostenosis

Although cancer ¢clls are carned by was of the blood stream they
tend to settle in sonic orgins nd to bypass others  One group of ab
servers elumed that the “favontism which metastases dusplay depen ts
upon the terrun or soil an which the neoplistic embol happen to settle
They beheved that some organs are immical to the growth of neoplistic
cells  Another group of obscrers bchieved that the “partality” could
b dequatels espluned by the mechantsm of cirevhition ce the 1cees
sibihits 1t 1s unquestronable that the acccssibility to 1 aston 15 of great
mmpartince  However the sigmficinee of the terrmn shounld not be
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disregarded  The spleen 15 a4 case in pomt It has been demonstrated
that i the ineiprent phases metustatic cells abound 1 the spleen (Fie
93) but 1t autopsy spleme metastases are rely found  The heart and
the thyroxd which possess 1 rich bload supply contun fewer metastases
thm other organs

to
Fic 91 —Invas on of the trachea by cancer lealng to th chen ng of ts wall snd
narrowang of its lumen

ed

There 15 1 cons derable discrepaucy hetween tle ﬁgfu;ﬁ;g:i‘;hns

by past ind contemporary observers  The mcldcnfce of el

gren by former mvestigators 1s much lower even m‘ or;f e e
metastatic for can readily be discovered eg  the hadney



Dissemination of Broudnogeme Cancer 103

TR, T

W,
1-,'v9‘ "":\\"'"’ e |
..

N

16 92 ~Strands of cancer cell immurcd m dense filrous tssue beneath the bron
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The brun, the bones, and the adrenils were overlooked altogether as
sites for metastases from cancer of the lung The discrepancy between the
autopsy and chmeal findngs has been pomted out on many previous
occasions, and more recently noted by Matouseh m his studes at the
Walter Reed Hospatal

The distnbution of metastases from primary cwemoma of the Jung
is shown i Table T ™ e ) - !
pulmonary cancer
vessels which fave
because of the protricted course of lung cancer

Table 8 Dustribution of Mq from Prmary C.
of the Lungs
Per Per
Organ cent Organ cent
Lymph nodes 96 00 Intestines 96
ones 48 40 Panctess 900
Adrenals 3064 Thytoid 700
Liver 4100 Esophagus 700
Tudneys 1900 Subcutaneous ti-ue 570
Heart 1450 Stomach 350
Contralatera) lung 1280
Spleen 970
Table 9 Metastases to the Heart

Authors Tumors  Metaslases Per Cent

Burke 327 i) 43

Cohen and Perry 315 05 208

DeLoach and Haynes* 980 137 57

Dimmette 45% 3? 84

Herbut and Masel 810 35 54

Lamberta ef al 1032 31 72!0

Polia and Gogol 1450 20 z ;)

Pritchard 4375 146

Ritchie 857 16 18

Scatt and Garsm 10:::’ ll: 1?3

Siegel and Young

Voatlis 323 20 62

*Macroscopic metastases only nere mcluded
1 The Heart
but

— coplasms of the heart are etremely rare,
Incidence —Primary neoplas e e 8)

metastatic ones are found 1n about 7 per cent
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Tl e low incidence of cardiac metastases from the widely metastasiz ng
evtrapulmonary cancers 1s attnibuted to the rap d flow of blood through
the heart to restncted lymphatic connections to the strong kneading
actton of the heart muscle and possibly to metabolic peculianties

“
..
5

o,
e

.
2
2

e\ iR AR ]
%1); A«fq:r‘ﬂ 0 'w:},;q
SLATER gl i
PO g
';:oq}:;g',‘ '.;" - 4,,“

3
oY

e #ame)
2 Tt

Fio 91—\ tats toheart A cancer n a pericard ol Blocd essl B cancer m
% myocardial blaod ves ¢l € wn anep cardon D 15 0. G

Structures Imolved —Metistises are found m the atr the ventricles
ardtie septa The en locardium and the valves are mvolved less often
due poss bly to their poor vascularity and also to t ewr “perpetual motion ™
vhich | impers the attachment of malignint cells to their surfices

Tte myocurdil metastases are ¥ematogenous and usutlh mult ple
(Fig 94) I have observed a case of a solitary metastasis to the muscle
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of the left chamber of the heart  As a rule, both stdes of the heart are
miohed—the nght side probably mere frequently

The predomin ince of the night side of the heart was expluned on a
areulatory besis Rretz, by mjeeting fhud mto the coronary arterses,
noted that 75 per cent of the caronry artern! flow returned to the nght

ined front the
- ardiis with effusion Crneer cells obtal
e s “;::f:‘::?liﬁe:fc by a needle puncture  Paraffin section

chumber of the heart, passing through the thebeswan vuns :m(lc thlf;zrt;
nars simses It 1s conjectured that tumor emboly, hkm{xs';
greter opportumty to lodge i the nght side of the r)n)‘ocbxrz::mm more
Malignant Pericarditis —The percrdmm s maded by

nutty,
often than the myocardiom  In most mstances 1t 15 reached by continurty
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and 1n many cases 1t produces a diffuse spread over the penicwrdial leaflets
producing an adhesive or e pencarditis  Constrictive pericar
ditis 15 usually ctused by tuberculosis

Pericarditis of neoplastic ongm 15 charactenized by a pencardial effu
sion which may be serous serofibnmous hemorrhagic or purulent If
the effusion has a tendency to reiccumulate rapidly ats neoplastic nature
15 almost certun
traumatic pencarda
penicarditss - They
the heart on the character of the pulses and on the roentgenclogical
electrocardiographic nd cytologienl data An investigation of the cellular
contents of the penicardinl flud uwsing the same method as m pleural
exudates 1s often sufficient for trrving at the correct duagnosis (Fig 95)

In any case of proven cirainomn prrticularly of st 1s of pulmonary or
mammary ongm (melwom1 metastisizes to the hewt with still greater
frequency) the appearince of cardie mregulanhies should suggest a
metastasis  Cardiac failure in 1 person with cancer which cannot be
attributed to the customary ctiology 15 1n all likelihood due to metastases
to the myocardiuim  Sinus tachycardia premature contractions auncular
fibnllatron  aunicular flutter bundle brinch block and complete heart
block have been obsersed to occur in metastises to the hewrt  The
electrocardiographtc pattern found in the cardiac metastases has not
revealed speaific fetures

2 The Lungs

Since virtually every ¢ncer finds ats wy into the blood stream cancer
cells must of necessity enter the Iungs which are the pomnts of con
vergence of the bady  Yet 4 relitively small percentige of cancers yield
tgh figires of pulmonury metistues  Tlus 15 probably d e to the
property of the pulmoniry tnsues to destroy neophistic cells which
happen ta become entangled tharun It s also very 1kely due to nade
quate mvestigation  Metastises from some cancers proliferate rather
slowly so that even at postmortem eximinition thev are detected only
with the microscopc  The discrepncy concerning the ncidence of
metastases between former nd present diy observers 1s lirgely due to
the practtee of former 1nvesti, 1tors to discard orgns after gross mnspec
tion while the pathologsts of tedty resort s 1 rule to a mcroscopic
scarch  Flhin m v study of 104 cases of circinoma of the prostate
stated that roentgenologic il evidence of pulmonan metastases from this
organ 1s rehitively uncommon bectuse even at autopsy they are usuath
of microscop ¢ dimensions

Core of Metastasis ~The core of 9 metastasis 1s an embolus which
consists of a few cells onlv  Onc or multiple emboli mav settle m one or
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both lungs, without any predilection for a pretieulr lobe or segment, o
they my reach the lungs mwaves  As the cells prolferate, they produce
new foar, which serve as sources for metastases to the sime or to the
contralateral lung and to distnt orguns - The metastatic focus may
remain solitary for hfe, growmg m swze only

e 98 —~Broncliogenc cancer at the bise of the right lung with lymphar:glzgz
spread to the ipsiiterit Jung and a bematogenous spred (round densitics)
<ontriteral lung

Classification —Pulmonary metastases have been vartously chssxﬁe:l
obnbility, to the study of different phuses of the]pxioces
were 1y based on dl ! or pretermmal phase:
The patterns most frequently encountered e

A (;'he snowball or (plannon ball type, a solitwry round or o]val lder;;:gr'
confined to one or both lungs VWhen the densities are mu nj: e, ther
neaplistic nature 1s usully taken for granted, but “hcr; thcs ‘§:s1 ﬁs‘s
solitary, with no signs of malignancy elsewhere i the lu;( ),!;! ! g:nl
15 beset with difficulties and can be made by means of 2 biopsy ol

due 1 all pr
ClI.
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The round pulmonary lesion often described 25 2 “com lesion” 15 a
primiry cancer of the Iung in about 30 per cent of cwses  The terms
“snowball” and cannon ball” metastisis hwe been frequently used to
describe the cuwreulyr metastases from the lidney (hypemephroma) to
the lungs  However other visceral cancers provide metastases of a
similar shape  Metastases from pulmonary cincer to the contralateral
tung often assume 1 round configuration {Fig 96) The roundness of
the metastws 1 attnbuted to its ongmal growth m the Jumen of the

Tie 97 —\etatas  to tle right ling from a rectyl cancer

vem from where it rewched the lung  Digure 97 illustrates 2 metstass
to the Jung from 1 rectl caramomy ind Frgure 93 demonstrates 2 pulmo
min metsass from  hypomnephromy

B The nadular type of mctastasis which conststs of 1 multspherty of
roundish or ngultted nodules drssemmated throu.bout one or both lungs
which prolnbly result from = shower of cmbol (Fig 99}  The size
of the nodules s 1ries with the stage of the disewe from 2 or S mm m
d amcter With t! ¢ progress of the disese the 1sohted nodules coalesee
md form szibl lobtr missts  Bronclio.cme s well as abdominal
cmars vdd this type of metastasn Nodulir metastises from a
milanoma of the beel 15 dlusteated m Figure 100
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C The pneumonia bike type of metastasis sees the air sacs filled with
neoplastic cells, resembling an inflimmatory exudate i pneumonta  The
mode of the mvaston of the alveol 1s not altogether clear  Some observers
beheve that the tumor cells are brought m with the circulation te, they
enter the alveoli by crossing the walls of the alveolar capillaries  Others
state that there occurs an aerogenous invaston, 1 ¢, the neoplastic cells

Fic 98 —Metastases to the nght lung from & hypernephroma

e the alveolar walls

e lungs alongstd
penetrate the respiratory portion of the lung; g e e fangs

by a surface spread A pneumonia hke metajshsli found »

ofac na
D ter

tosa ey

part of the 19th century Lhey ascertamed tnat tue oy~ =
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ki 99—A bronchiogen ¢ cancer of (te left lung with collapse of the lng B
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had the opportamty of studymng, accurred by way of the lymphaties
They found that m the lungs, too, the lymphatic vessels were the only
channels that transported the tumor {Fig 103)

However, further mvestigition revealed that blood carrymg vessels
af various calibers also participate n the process, tumor cells are mvar
1ably found 1n the vascular lnmimna and along thewr smhmal hmngs (Fig
164)  In fact, 1n these cases, too, the | 2 route 15 the preferred
mode of metastatic spread

]

Jungs from a melinosazcom of the hect

Ftc 100 —Diffuse nodular metastases to the

\Metastatie cells from gastric cancer were found in the s;ptall sc'\\{:l:‘
laries and n the larger pulmonary blood vessels, which m ui t!m -
they, tao are transparted by the blood stream 1t would np{:c) l';npl\
these cases the neoplastic cells reach the tributary { rchog'lsd A gmm
nodes and enter the cysterna chyh, from where they Insls (\lm ! ;e e
duct) mto the supersor vena cava, the nght side of {I\c ‘e:n:boh i
pulmonary artenies It 12 interesting to nate that neep asnck b e
from the thoracic duct, niot only to the Jarge vems of the nec (‘l e o
thoracte duct empties, but also directly (from the duct) mto the ly
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nodes  The Virchow's node found sn the supraclavicular fossa probab]
results from tumor embal; which follow this course

Evidence was also produced, contrary to the accepted view, that th
spread of Iymphangiatic cancer of the stomach 15 not effected by a retro
grade spread from the Iulus to the periphery, but by an othograde sprea
from the peniphery to the hulus

Fic 102 —Lymphangiosis carcinomatoss spreading from a cancer of the left
tung (bufus}

Manufestations of Lymphangiotic Cancer.—In lymphangotic cancer of
the stomnch, the gastric lesion 15 usually minute and asymptomalnc,r::‘,
the patients complain of cough, rapudly mereasing dyspnea, ;1;1)5&";
and eyanosis  Many succumb to Lailure of the nght chamber o f: e heart
and occasionally to asphywta (asphywatting type) It ha; n] enmems
stated that cor pulmonale 15 the usual comphcation to w mI) P et
with lymph car b, but actunlly only 2 "

e dic of this plicatton  The term “subacute” 13 apphe
b f the disease  The asphy
because of the relatively short chinical course o e
ating type 1s observed n patients with widespread oh i rs ™
arterioles, lymphatics and bronchioles In these cases tderc“ xe !
oxygen saturation of the blood, a high cardiac output, and ai

pressure mn the nght auncle
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¥ 103 ~Lymplang o1y arcnonst sa showme ne tsof ca xralbantie ) mecy
of tl e per vascular lympl tes

Fic 104 —Lympl ang oss care nom tosa stowene ¢ mor xlls an the 1 ens of de
pen ase lae bmpl ties as well as witl o tle ) aens of the bhod ses o)

In about two thirds of the cases of hmphingosis circinomatost the
pPrm1ry tumor 1s found n the stomach and in the remaming cases it s
To md 1 the breast pancreis kidneys bowel or pelic organs As 2 rut
the gastrie cancer is of t ¢ hmtis plasticr tvpe and interestinghy enouch

1o
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1t oceurs munly 1 young adults or in persons of ewly middle age Cuncer
of the lung only rrely displys a lymphangiotic type of metastasis

In many cises of Iymphingiosis ciremomatosa g hemorrhagic diathesis
smiltr to that observed 1n purpury or thrombocy topenit 1s found In
cases of earcinoma complicated by purpurt . lymphangiotic type of
metistists should always be looked for

3 The Broncln

The bronchus where cancer of the lung ortminites 1s sometimes m
vided by n extrapulmoniry cincer The metastasts 15 usully arrested
at the mucos1 which serves s 1 hmd of barrier In 2 small percentage
of crses the cincer protrudes mto the bronchial lumen leading to ats
partial occlusion which then induces cough blood streaked sputum and
hemoptysis  These Symptoms are 1k to those of pnmary carcinoma
of the lung  In the presence of 1 nontpprrent extrapulmonary cancer the
dingnosts of metastasis to the bronchus requires particuler alertness It 1
known that bronchiil bropsies s well s cytologieal studies by the
method of Papanicolou m1y be ambiguous 1t times

Bronchnl metastases have been observed m cises of mimmury and
cervical cancers but hypemnephrom seems to be the tumor that metasta
sizes to the bronchial w 1l more frequently than any other nmI:hsm As
2 rule hypemephroma produces the so cilled  cmnon ball* type of
metastsis

Even though the tumor my protrude mto the bronchinl lumen (with
or without ulcerition of the bronchin! mucosa) and regardless of whether
+ pulmonary mass 1s present or thsent these manifestations lone 1re not
sufficient evidence to allow for a dingnosis of primary caremomn of the
lung  The bronchus—dynamics 1s well as the statc of the medastinum—
should be studied with the ntmost cire before ridicil mensures nr;‘
undertaken  The chinieal history and the physical examintion l11'e Df
great significance  Of equal mmportance are the cvtologietl studies of
the sputum nd the histologicl structure of the tumor

4 The Liver

The liver 1s rarely the seat of 1 pumary cwncer but 1t 15 fregucn:llz
2 target for metastases  The ritio between primary and sccond iy hepa ¢
cancers 1s tbout 1 to 20 There 1s no cancer in the body which 1s not :q:
to set up metastases n the Iner but those from the g\stwmtcstmlc:ll hi:;)c)
breasts and lungs are the ones most commonly encountered (}\b e )

That hepatic metastases from cancer of the lung tre bl;)o o;:::—:nd
*Pparent from the fact that neoplistic cells are almgst always
n the intrahepatic branches of the portal vem (Fig 105)
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Table 10 Metastases to the Luer

From Per Cent,
Coton 5300
Pancreas o160
Brewt 5100
Ovary 4300
Rectim 4600
Lung 4000
Stomach 4100
Tudney 2100

——
o }¢ r-‘!\‘";
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Fic nh —cl mps of cancer cells in tle pnrml circulation of it e Incr
Fic 108 —Intraant sot lal snfiltration 1y anaplastic cancer cells
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The metastases may be solitary or multiple, they may be confined to
the surface or buried withm the hepatic parenchyma In rare mstances
they are lodged m the intrahepattc smusoids without produemg a gross
mass  The simusoids are packed with neoplastic cells that compress the
polygonal hepatic cells and gradually obliterate them (Fig 106)

Voluminous metastases usually result from the snowballing of one
small mass, or from the coalescence of severnl small masses The Iner
contaming metastases 1s usually enlarged and tender to pressure

D —\When a nodule 1s on the surface, it may be
readily palpated but when 1t 1s seated within the parenchyma 1t escapes
detection  The enlargement and tenderness of the Iner are highly sug
gestive, but conclusive evidence 1s obtuned through a biopsy only

Laboratory tests —A steadily enlarging solitary metastass usually does
not cause noticenble disabihity or disturbance m the hepatic function
There often occurs a compensatory merease 1 the function of the unm
volved portion of the Iner The Iaboratory tests most commonly used
te the icterc ndex, cephalin cholesterol flocculation, thymol turbidity,
serum alkaline phosph and b Iphalein retention, may indicate
changes cwsed by diffuse damage of the cells of the hepatic parenchyma
due to tovic or mechamcal factors They may also be caused by the
obstruction of the extrahepatic ducts and, possibly, by cculatory dis
turbances The tests are often revealing and of great importance, par-
ticularly n conjunction with the chimeal data  The possibibity of con
comutant skeletal metastascs yielding lboratory results of a quas: symilar
nature should not be forgotten

Needle biopsy —A needle biopsy has been widely used with satsfac
tory results (Fig 107) The test rarely fails i diffuse mvolement of
the Iner, but it often yields disappomting results m solitary and deep
seated lestons Nevertheless, 1t should be resorted to whenever a major
surgien] p dure 15 plated, also, of a differentn]
diagnosis betw een an inflammatory and a neoplastic process The patient
should be smtably prepared and observed for 1 or 2 days after the
operation The procedure 1s simple and generally harmless Comph
cations are rare and have occurred in less than 1 per cent of cases They
consist chiefly of pun, mtrapleural hemorrhige (when the transdia
phragmatic route was used) bile pentonttis, and hemorrhage from the
lver In a review of over 2000 cises Zamcheck found a mortality of
less than 1 to 1000

Radiactive 10dine ~Suret found radioactive 1sotopes to be a relable
method for detecting hepatic metastases The method consists 1 the

use of radioactive, 1odinated, human serum albumm as the tracer agent,
and 1n the use of scintillation counter to detect gamma radiation from the
radioactive 1odime ([151) The patient recetves a single mtravenous
dose of 300 millicunie of the radioactne albumn and 21 hours later a
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suriey 15 made ta coordinate ponts over the thorax and abdomen  The
ralues obtained are expressed mn terms of per cent of an arbitranly
chosen reference pomnt A value at a particular pomt Iugher than that
which would be expected from results obtained in a seres of 20 core
fully selected control patents is interpreted as bemg indicative of 2
neoplasie growth  The smallest metastases detected by radwactne
survev were about 2 om in dimeter

A
N

|yt |

Fie 107 ~Need) b pov of U er

The method 1s said to be sife and accurate provided the paticnt ss free
of asoites 1ntra abdomml and wtehepatic mflamm tory lesions It has
bewn sugpested that the muhod be used routinely on pitrents with
suspected carcinomy and in 1} ¢ follow up eximn ton of these patents
after surgery

5 The Bones and Bone Marrow

Wonas—Urwoerssh Fargee <Tore ‘oures 00 3 ‘angeh Son ~lorod evens
cancer of the body but above il for canvers of the prastate breast
thyrold and lune  Althouzh statistics have been compuled from autopss
records figures with reference to adent vary from one myestigator
to another  For wnstance for prostatic cancer Hubens and \fass found
35 per cent of shelet) metastases Copeland 40 per cent Tumer nd
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The metastases may be solitary or multiple, they may be confined to
the surface or burted within the hepatic parenchyma  In rore mstis
p)

they are lodged m the intrabep ids wathout a g
. -

wmall mass, or from the coalescence of several small masses  The ner
contaming metastases 1s usually enlarged and tender to pressure
Diagnosis —When a metastatic nodule 1s on the surface, it m be
rcadily palpated, but when it 1s seated within the parenchyma, it escapes
ditection  The cnlargement and tenderncss of the hver are hughhs g
acstive, but conclusne evidence 1s obtuned through a biopsy anly
Laboratory tests ~A steadhly enlarging solitary metastasts usually does
not cause noticeable disability or disturbance m the hepatie function
There often occurs a compensatory merease 1 the function of the unn
volved portion of the Iner. The laboratory tests most commorly nsed
1¢, the ictenic ndex, cephalin-cholesterol flocculation, thymul turbidity
serum alkaline phosphatase and t Iphalemn retention, may idiate
changes caused by diffuse damage of the cells of the hepatic P‘"e“chy:;‘\:
due to tovic or mechtnrcal factors They may also be caused by
obstruction of the cxtrahepatic ducts and, possibly, by arculitory
turbances  The tests are often revealng and of great amportanc®, P&
ticulwly m conjunction with the chmeal data  The posabilty o ﬂi‘]‘,
comitant sheletal metastases yielding laboratory results of a quast ST
nature should not be forgotten fac
Needle bopsy —A necdle biopsy has been widely used with 5““5(“
tory results (Fig 107) The test rarely fuls s duffuse mwheme;
the liver, but 1t often yields disappomting results 1 solitary and e?})’r
seated lesions Nevertheless, st should be resorted to wheneier & mﬂ‘lm!
surgical p dure 15 plated also, n of 2 dlﬂeft‘:m!
diag, betw een an nfl, y and a neoplastic process Th:f?: the
should be swtably prepared and observed for 1 of 2 days “‘m h
operation  The procedure 1s simple and generally harmless GO Pev
cattons are rare and have occurred in less than 1 per cent of €258 sdit
consist chiefiy of pam, mtrapleural hemorrhage {when the mrnn e
phragmatic route was used) Inle pertonitss, and hemorrhage fﬂ’lt of
lver” In a review of over 2,000 cases, Zamcheck found a mortalty
less than 1 to 1,000
RBadioactive 1dme —Suret found radioactive 150tope
method for detecting hepatic metastases The metho
use of radroactive, 10dinated, human serum albumin 2s
and i the use of scintillation counter to detect gamma 12!
radioactive rodine (I181) The patient recewes & sngle
dose of 300 millicunie of the radioactrve albumn, and 24 hours

s to be & reliable
d consists 1 e
the tracer 2867

dration from (8¢
travenous
Jater @
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survey 1s made to coordinate points over the thorax and abdomen The
values obtained are expressed m terms of per cent of an arbitranly
chosen seference pomt A value at 2 particular pont higher than that
which would be expected from results obtamed in a series of 20 care
fully selected control patients 13 interpreted as beng mdicative of 1
neoplastic growth  The smallest metastises detected by radioactive
survey were about 2 em in diameter

Fie 107 —N\eedle bop yof 1 e

The method 15 saud to be safe and accurate provided the patient 1s free
of ascites intra abdormnal and mtrahep tic inflammtory lesions It has
n suggested that the method be used routnely on prhients with
suspected carcinoma and in the follow up exammation of these patients
after surgery

5 The Bones and Bone Marrow

Bones—Unversal Target ~The boncs we  target for almost even
cancer of the body but above all for cncers of the prostate brest
thveoid and lung ~ Although statistics hive been comptled from autopst
records figures with reference to mcidence vy from one investizator
to another  For instance for prostatic cancer Fubers and Mass found
35 per cent of sheletal metastases Copeland 40 pur cent Turncr and
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Jaffe 578 per cent and Abruns 84 per cent The dnergence 1s still
more strihing for mammary cancers te, 30 21 57 and 73 per cent
respectively (Table 11)

According to Bachman  the madence of any autopsy serres depends
m part on the number of bones routinely exammed and the detul of the
exummttion

Table 11  Metastases to Bones from Non pulmonary Cancer

Hubeny ~— Turner

From Stewn Copland  and Vass and Joffe  Abrams
per cent per cend per cent per cent per cent
Prostate 100 30 578 810
Breast 300 210 5701 730
Thyroid 20 120 375 500
Lungs 325
Bladder 175 130 260
Tudney 60 212 200 230
Uterus 10 136 220
Pinereas 357 13 63 150
Rectum 593 062 120
Stomach 260 20 12 74 10
Colon 093 10 ue
Ovany 25 1] 90
Esophgus 294 84 18 20
Liver 115
Gallbladder 1666
N\asophuryne 200 350
Testes 2,0 200

Blood Borne Im asion —Sumilar to other organs the bones re renched

by cancer vit the blood stream

The skeleta] metistases may be (1) mtrat
grows m the marrow sptces between the trabs
108) where the trabeculte become demmer ¢
the growth (3) osteoblastic (Fig 109) where the L
the deposttion of crleim so that the bony tribeculie mcrease i thic

ning
pess become fused and ulumately form dense compct weis conta s
thin them or (4) mixed metastase

ribecular where the tumor
eculie (2) ostealytic (FIg
Tized and are repliced by
tumor cells shmulte

a4 sparce number of neoplistic cells wi ol
where osteolyhic and osteoblistic metstases we combmct}l fThcu io’vmd
1zation of prostatic cancer n the bones of the pelvis m the e ot

1 the sertebral bodies were expluned on the basis of Batsons con

of the vertebral venous system 1
From Lung Cancer —In the male the most frequently found sheletal

mmal
metastases are from the prostate gland m the female fron]1 thz;‘ﬂ Cancg
glind  The merdence of metastases to the bone from pulmonary
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Table12 M to Bones from Pulmonary Cancer
Authors Per cent

Stemn and Joshin 150
Rolet-hy 190
Ochsner and DeBakey 210
Jaffe 20
Artlun and Wagner 230
Mattich 290
TRosedale and Muhay 320
Fned 400

- - 1

|

i

!

Fic 108 —A well-carctimscribed (punched out} defect in bone caused by a metas
1515 from cancer of the lung  In the 1nsct 15 a metastasts to the nb fram a cancer of

e thyrold

In both cases the metastases are osteolytic
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1 about equal i the male and female (Table 12). Adenocarcinoma of
the lung mvades the bones with considerably greater frequency than
other types (Fig 110)

Fic 109 —Osteoplastic metastascs to the pelvis and to the fomur from
ercnoma of the bre st

The hver, the adrenals, and the bones are almost equally a(‘f’ecbtled‘i}:z
metastases from pulmonary cancer The spmnal colum(r; x; }:n‘)‘t}::e i})me
Site most frequently invaded Young and Funk stated t Il)nd o
15 & reservorr for metastases ansing from any part of thed 0e v’)’(}ence nf
consecutive patients who died of neoplasms, they 1foun e 0
metastases n the spine 1 41 per cent A roentgenologieal study
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spimes removed by them revealed tumor mn 13, or 433 per cent The
next site most frequently invaded 1s the ribs  The sternum 1hum, scapula,
clavicle, humerus, and shull are much less frequently mnvaded

] (-3 Lt~

F16 110 —fetastasis to the bone from a mucocell tlar adenocarcinoma of the tung

Alytic metastasis to the femur, resembling a punched out lesion cwised
by a mycloma, 15 tllustrated i Frgure 10S and a simlar lesion in the v,
nib from cancer of the thyroid 1s shown n the wnset
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Bone Marrow —~The theory hitherto entertamed that the hone marrow
15 deprived of lymphaties has been recently questioned but no con
vinemg evidence to the contrary has yet been produced  Be that as it
may metastises primnly mvade the marrow from where they spread
to the bone proper The mncidence of metastases to the bone marrow

Table 13  Metastases to Bone Marrow

Number
From of cases  Metastases Per cent
Breast 14 8 5714
Prostate 39 21 2385
Tung 14 [ 4285
Stomach 13 4 3077
Iudneys 7 1 1425
Colon 3 3 10000

R

e Q) 58
EPoe bt I
‘e SIGEY) Lol

I'tc 111 —Cancer cells i the bone marrow obtaned by a punch b opsy

parallels that of the bone which as stated above 1s lughl !]'or cz:ssceﬂrns
of the breast lung prostate, ind thyrod  Figures obtamed by ]
and Rundles are reproduced m Table 13

Although the ml:mbcr of ther cases 15 hmited the ﬁndﬂ;’ges d::
sigmficant  Lower figures obtaned by other observers may
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toan nadequite imvest §, t o or possibly to faulty teckn que  Repeated
attempts are often necessarv m order to dsclose a metastatic focus
(Figs 111 and 112)

Jaimet and Amy stated that they were “nding mcreas ng evidence of
cancer in a large number of patients who hitherto resisted dignos s by
means other tlan a bone marrow puncture  They consider sich a
puncture to be 1 viluable a d in d wnos s particularly 1n obscure cases

7 s
‘i.”ﬁ ) .a_*,-%
e

Fo 11~ orouspolfer tan of 1 tctlum cell of bone namow B myebvtes
nthe bo'e mamcin a case of mal ple o lo 3
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The search for tumor cells 1n bone marrow 1s of importance m cases
where the duagnosis of a neoplastie disease cannot be established by other
means It 1s well known that x-rays fal to disclose sheletal metastases
n a fanly Jarge percentage of cases At postmortem Bachman and Sproul
examined the spines of 59 patients who had died of carcmoma  They
observed that i more than half the cases showing metastases patho-
logcally, the roentgenograms failed to show abnormaliies  Of the 59
cases studied, metastases were found pathologically in 31, but not m
the remaming 25 Of the 31 cases with documented metastabie depostts,
the radiographs were posttive in only 15 mstnces  In most of the cases
the raentgenograms of the removed vertebral segments appeared enturely
normal

The early dngnosts of a metastasis 1s of mportance when a serious
surgcal procedure 15 beng contemplated It s Lhewise useful m the
cautral of hormonal therapy, ¢ g, m cancer of the prostate  The pitho
genesis of anemias 1w some cancers, therto vaguely understood, has
been intellgently mterpreted 1n the hght of studies of metastases to the
bone marron

6. The Adrenals

The adrenals are targets for metastases from almost every cancer of
the body, but mammary and pulmonary cancers reach them most fre-
quently (Table 14) From Table 14 1t will be seen that these cancers

Table 14. Metastases to Adrenals

Organ Per cent
-
DBreast 4130
Lung 4000
Kidney 2160
Stomach 1810
Pancreas 1740
Ovary 14 20
Colon 1120
Rectum 936

SO
metastisize to the adrenals i about 40 per cent of cases T‘he;:la‘esc
15 not understood, unless 1t 1s related to the usual tendm;c) (:a;tam
cancers to metastasize widely  The hugh meidence of adrenal mef 1

a much
e momesnward w5 1th metnstases to the adjocent Jadney (which 15 amuch

settle pnmanly in the medulla, from wivie wiey oy
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cortex suggested to Onuigo that the adrenals are probabhy reached by
cancer cells via the vmphaties It 1s well known thit metastises settle m
the center of the lymph nodes (which are of course mvaded by way
of the lymphatics) from where they spread toward the periphers via the
efferent vessels  Agamn the reason for this “partrlity  remamns obscure
unless loctl (the sorl) or systennic f1ctors or both are at ply

g ~

Tie N3—-Dstr ¢ noftl alrenalgla 1t a0 t 1t fre ne rof tt I ng

Adrenal metrstases occur on the side of the lung cancer m thout two
thirds of c1ses and i the rem uning cases the metastases e cither contra
lateral or bilatery)  The ipsilateral metastases are mvarnbh irger than
the contraliteral ones Lsually several cancer nodules of various size are
found but complete destruction of the 1drenils { s occurs m tuberculo
s15) has raeeJv been obsen od in Cincer
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e 115 %\ Ihinle metastases in the cerebrum also cancer m the thalmu
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7 The Central Nervous System

Mode of Spread ~Srmlar to visceral organs, the bram s reached by
metistatie malignnt cells via the bloed strexm  Thas 15 inferred from
{1) the predominant localzation of metastases m the cesebrum (Figs 114
and 115)—w Juch 15 the direct artenal route to the intricrimsal spice by
way of the mternal ciwotids (2) the tendency of the metistrses to
settle in the parteto-occipital regron s m the terminal branches of the
middle cerebral artery where neoplistic emboli wpparenth Jodge and
(3) the faiture to rdentify lymphaties in the central nervous system {thrs
requires further i estigation)

Incidence ~The figures pertuning to the meidence of mtracrmnl
metastises from visceral cancers van from one authar to anather
Counville stated that 135 per cent of all mntracramal tumors 2re metastatic
while Stortebecker found 35 per cent and hmghts m 1 studs of 6500
autopsies found only 145 per cent

Of particulir mterest 1s the merdence of mtricrinn) mctrstises from
g cincer which was overlooked by observers in the past For exmmple
Rrasting 1 an mvestigation of 12000 autopsied cises with cerebral
metastases from virious organs failed to mentron lung cancer as 1
source  Of 808 cases of cincer of the lung culled m 1930 by \iller and
Jones 77 or only 93 per cent showed mtracransal metastases  Of 47
cases with prmiry caranoma of the lung reported by me m 1932 16
or 34 per cent reveiled intricr il metastases ( Table 15)

Table 15 Cercbral letastases from Lungs and Abdommal Y iscera

Organ 4 thors nd  mber of ca.es
Eludge and Hare and Clob sa d
Balsan Baker S huearlz Weltsrr
79 cases 87 cases 100 cases 3 cases
Bronchus 20 24 12 19
Breast 1 4 23
Sk mact 1 3 1
Inte t ne< 4 5 3 5
hadneys 4 9 2 1
Adrenals t 2 t
yro { 3 t 2 1
Leerus 1 5 1
Ovar e 1 1 t
Prostate 3 1 1 1
Loka wn 4 1 1

Drubtfuy 20
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The reason for the great freq of mt from
lung cancer, which 15 approumately 25 per cent, 1s most likely due to
accessibility  An embolus from a lung cincer may puss from the
pulmonary vem and heart diectly mto the general irculation, and
then to the cerebral circulation, whereas an embolus from a cancer else
where n the body (on 1ts way to the central nervous system), becomes
arrested 1 the hngs, where 1t 1s often destroyed It 1s true that a
wvisceral cancer may bypass the lungs makmg use of the system of the
vertebral vemns (Batson), or it mny enter the systemie circulition 1mme
diately upon reaching the lung, without gettmg a foothold m the

ary parenchymn  ‘Parad 1" metastises are, however, rarely

encountered

8 Miscellaneous

There 1s probably no organ which 1s not oceastonally affected by 2
metastasts  \Metastases have been discosered m the parathyroids, the
pitwstary glind the stomach, the smll and large intestines the breasts,
the ovares, the Fallopian tubes, and the testes  In a cise of a testreular
metastasis, one testicle was firm, greatly enlarged and tender, resembling
a seounom It was remosed and on Iustological exammation, wis
found to be a squimous cell crrcinoma which had metastasized from
the lung  The error 1n dngnosis occurred because the Iungs were not
myestigated prior to the surgical mntervention It 15 imperatne that no
muor surgical procedure be evecuted without a prelummary roentgeno
logreal exammnation of the lungs  In fact, the lungs should be exammed
routinely on every hospital admussion

Metastases to the shin, which occur 1 about 3 to 4 per cent of cases
are of particular mterest because of accessibihity A few nodul]es
the size of a smll wart are usually found on the chest Unless thoroughly
eximmed by palpition (wlnch 1s rarely practiced), they will passﬂ\m
noticed  They do not sigmfy approtching exitus, and sometimes 1}2’
present the first evidence of cancer  They are brought to the shin vin tl
blood strem, and 1t 1s remarhable that they form so few foa The
subcutaneous tissue 1s apparently not a fwvorable ground for a meta

static cancer



Chapter 7

Metastatic Manifestations

Iy CrarTen 5 the pulmonary mamfestitions of cancer of the lung were
dealt with  Tlus chapter will be desoted to the mamfest itions prosoked
by metastases to the bones ind to the brun The symptoms produced
by metastises to these orgwns tre of partieulir mmportance because of
(1) therr frequent occurrence and (2) the fict that the diserse often
starts with logical and logic 1l ph. the source of which
1s ovesloohed

Heretofore mamfestitions cused by skeletal and cercbral metastases
were regarded 1s rire and atvprcal for cancer of the lung  However
close observation sesctled that they are yust another charictenstic mam
festation of the polysymptomitee discase

A case of Addisons syndrome—produced by 1 mctastatie destruction
of the adrentls—n presented because of sts chmeal nterest and also to
stmulite interest in this conditron wlhich 15 probably less rare than
generally beheved

SRELETAL

Symptoms —The frequency of metastises to the bones from encer of
the lung makes 1t imperative that physicrans familianize themselves with
therr mandestations It 1s of the utmost mmportance to know tht symp
toms m1y apper bruptly as the sole mamfestation (Fig 116)  1In any
case of a suspected metastisis to the bone the fungs should be miest:
gated for cancer  The vertebral bodics are the ones most frequenthy
mvaded  Nowt i frequency we the ribs the ps the fomurs the
humers the stermum 1nd the calvarum

Punas an curly and 1 quast constant symptom  When the sertebrae
areimolved the pun s usutlhy ridicular himtted te certan damatomes
and aggrw ited by motion cough or strunmng - The dustribation of pun
m spinal metastases ind spinl wthrabis s quate distinet  In arthntis the
punful root zones cover wide areis nd include severtl dermatomes
while the radiculir pun assactited with carh metastases to the vertebra
1s confined to narrow zones ind himited to one or two roots  Metastatic
carciooma may anduec low bk pim and symptoms ehractenstie of
scatict In 1 patient of cancer age who complams of back pan the
possibility of 2 metastatic cancer to the vartebral column should be
consit red

Iy ')
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Spinal metastases may mutate lumbar dise syndrome, and simulate the
symptoms of multiple mycloma  Metustases to the Jumbosicral spme
cause pam 1 the Iegs from pressure on nerve roots Patients are
usually treated for *neuntis” or “theamtism,” winle the mahgnant dis

-

lobe The tumor the size
— lulsr adenocarcinoma of the left upper T
fe "ir n\\{‘;?:ﬁil r‘:lz:ashsxzed to D-11 and D-12 and to the night clvicle

case remamns unsuspected Cancerous infiltration of a ‘erte‘lners.\s‘;\:ﬂ;‘f"l‘;‘i
ture and collapse of the vertebral body may cause C(Zrmpatment should
cord, leading to vesical and mtestmal d.lsturbmcc; re o of 1o aval
be mstituted promptly  When paraplegit occurs, therapy
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\ctastases to bone from bronch cancer are pred antly osteo-

Wtie In some nstances they are mixed ie osteolytic in one bane and
osteoplastic n anather  When the osteolytic metastases are extensne
and raprdly progressive they mduce + hvpercaleerna T'an at the site
af mvasion and tenderness ta pressure are the best signs of ther presence
While chemical studies of the blond and unne are helpfal m the duffer
ential duagnosts a study of the bone marrow obtaned by sternal punc
ture usually pomnts to the cosrect diagnoss

Treatment of skeletal metastases from the breast and the prostate has
been revolutionized by the use of hormones 1¢  androgenie n breast
<aneer and estrogeme i prostatic cancer  The treitment of metastases
to the bones from bronelitogeme cancer consists chrefly sn radiation which
Tcads to the alleviation of pain sm a large percentage of cises  Mitrogen
mustard too is often beneficial

Hiustratie Cases

loss of werght

On roentgenologicnl exarmnation a tumor was revealed n
the right femur and hip jomts with a pathologreal fracture of
1hipjomt  An area of density was found 1 the lung and was
wterpreted s 1 metutisss from the bone  The fracture healed
wd the panent was discharged A week later she entered
another hospital where antlogous ndings werc recorded  An
effuston was discovered n the nght pleural cavitv and ws
attribited te a metstasis to the lung and plurt  In 2 thued
hospatil to which she was adnutted 2 manths later a diffuse
thickening of the reght pleurn and fud 1 the anllay region was
found  When the ﬂmzP\\ 1s removed a mss 5 em m dumetcr
was disclosed m the nght paratrichen! region  There was
deformity of the right femur and thigh, but the up w1s not
tender and the mobility of the jomt was ncwrly normal

Rocntgenological exumnttion showed wregular rarefaction
n the bm’u s of the 'pch s and 'nf the ught femur  There were

upper Iobe of the night lung The woman died After three wecks
i the haspital

Nteropsy revealed a nght bronchiogeme cwromoma with
mectistives to the regronal hmph nodes  pencardium hver
whrenals oy an and femur (Fig 117)
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Comment ~The pulmonary and sheletal symptoms occurred simulta
neously It 15 remarkable that the sheletal metastases were mistaken
for a prnimary osteogenetic sarcomn that had metastasized to the Jung

Frc 117 —\letastaus to bone

f age com

8 History —~The patient 1 male 56 years o

ylgg;g of pan 1{1 the ngck which had 1.’:(:11&»(:1 1bl()l]tl§e;vix\d\;
duted toward the nght shou

v G very pamful and re

t arm  Motion of the shoulder was very
::i};teg but there was no weakness in the hand I{oex&tﬁgglgi,’;
cal exammation of the neck was reported to reveal a ds
al yertebrae

Oféh;;:;\ggan‘ showed a well nounshed male \\h&:lse “Ilﬁaedlu‘;;ss

deviated to the left  All neck motions were restnicte:

and heart were without disease



Sheltal

Roentrenologicil examunation of the cervical spme disclosed
the destruction of almost the entire body of the fourth cervical
segment with an accompanying anternior subluxation The mnter
space between the C-3 and C—1 were obliterated and the pos
terior avdlary portion of the fiith nb was eroded In the skull
there was a small opacity above the Hoor of the ntenor fossa

Extmumation of the chest revealed a fusiform pleurtl density
n the aulliry portion of the nght chest  There was a moderate
merease n the pulmon ry markings

The patient was treated by 1 Glsson sheg romobilization
followed by the applicition of a leather brace  Radiotheripy was
also used

The autopsy reveiled m anmaplistic carcimoma of the lung
with metastases to the [ymph nodes and to the cervienl vertebrae

197

Comment —The localizattan of the metastasis 15 natenorthy  In dis
cussing the tendeney of metastases to “choose™ an orgin or structure
it s surmssed that two factors are at pla (1) accessibility of the
neoplastic cells (2) the organ im wWhieh the metastases lodge  Blood
cuned cncer cells settle by preference in the bones of the adult where
red musrow 15 prescnt The “partiahity” of the cancer toward the cer

vical vertebrie e hardly be explahed on these suppositions alone

As n other cases pun was the first manifestation  The importinee of
1 1

tlus symptom cnnot be over

Case 9 Hustory ~The pitient 1 male 46 years of age was
atmitted o the hospits) compluming of pan in the Yt grom of
5 weeks durttion  Except for 4 chirome cough productive of
v grecnish white sputum he was i good health  Faur years
prior to lus hospitahization he sustuned « chest mpn winch
caused 1 fracturc of the scventh nb postcriordy 4 few months
bter when pm devidoped m the area of the fracture 0 mter
cost} nenve was removed from § ellus Two vears postopera
tinely pun recurred mothe rea but a surgeerd intenvention re
serded no abnormalities. However roenteenologc il extmin ion
of the Tungs show ed a focus of dunse tisst e m the night lower Iobe
It dlso showed 1 pleural effusion that was regarded 15 a post
operatne comphcation The pun i the grom  mentioned

suffered considerible pain when moving hus kes  Theee alsa
Wis pun upon pressare over the hie crests nd the limbar
vertehraie The base of the kit Jung showcd most mles and
expiritors wheezes which did not clear on couchag

An anteropastertor view of the chest was deseribed 15 neatne
15 were viows of the abdominal viscera Freept for the alkaline
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phosphatase which rose to 13 the Iboratory findings were non
contnbutory
~

" .

<

1
an the left side A biopsy m the region of the ihac crest dis
closed an tnaplastic carcmnoma Although 1t suggested an
mtestnal source studies of the lrge bowel were negative
Fnally 3 months ~fter admussion another x 1y was taken which
showed 1 posterior basal mass 1n the lefe lung  Bronchoscopy
was then performed d this disclosed a tumor m the apreal div
sion of the left Jower lobe bronchus A buopsy and a cytological
examntion by the method of Papanicolacu confirmed the d ag
nosis of an amplastic carcinomn ~ Metstases were found i the
right humerus 1n the left femur 1 the pubis and mn the fourth
and seventh nibs antertorly  The patient ultimately had « hemop
tysis and the entire Jeft Jung was replaced by tumer However
the thoracic symptoms remamed mild
At autopsy an adenocarcmoma was found mn the left Jung
metastitic to the lymph nodes the iver the drenals the bones
the bram and the shin
Comment —In this pitient too the symptoms were mitiated by skeletil
Although hustologically the cancer m this case seemed to be
less milignant than the cancer of the preceding case 1t nevertheless i
vaded many bones 1n addit on to the bram the hver the adrenals and
the skin  Pam was the ewlest plant  The pul
became manifest at 2 Ixter date and were overshadowed by
metastises

Y P
the skeletal

SPINAL CORD

The spinal cord 1s rarely mvaded by cancer  The condition 15 primanly
one of 1 skeletal metastisis There usually occurs an mvasion of thdc
vertebral bodies followed by an ep dural compression of the cor

Fig 118)

( Ssmptoms due to eprd wral compression m1y ppear abruptly or they
may develop gradually  Very often they are the first and only mant

festation

Hlustratuc Case

1
Case 10 History ~Two years prior to admission to the hospita
the p:tfcnt a mq]ejGO yearsyuf age underwent a2 stige supxgpub;c
prostitectomy A h stological exammation of the remove tp:‘uo
tate showed fibroadenomt He remamed well until znl‘muI ‘d
months before the present hospitalization when he develope
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weakness m both Jegs - Examnation showed a bilateral Babmshs
markedly active kmee nd ankie jerks and absence of the fower
abdominal and cremasteric refleves A lumbar puncture showed
a complete subarichord bhlock

PSRl 2 e syl SL e b
BRI
LR ol X i

AR

L

S ) D s T 5-:-‘**
LIS 5:1_1,:3,.?

Y !\;p o)

>E o gy

. B

rADL e
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compressed Ly e extrad ral ty tustasis (Cr irtery The Gl 1 Gellect n of Medieal
1 strat ns Vol 1)

It wis conjectured that the block was duc to 1 metastass to
the cord from a prostitic cancer which had boen overlooked at
the pravious prostatectomy  Cystern i hipoidol anjection showed
«Istruction ut the Joved of the tenth thoracic vertchr The tenth
deventh md twedfth neural arches of the spine were remmed
The bone was found to be mvaded by e Tumor « is also
found n the eprdurtt but not an the mtridurad space The
tent showed shpht wnd short Ined postoperatne mprasement
Ne suffcred from pamon the spme conld not walk, ,mj graduidh
Tost weight and stren th He died 5 months Htcr (ntry into the
hosprtal

At autopsy an anphistic denocirenom was found in the left
upper bronchus with mctistases to the emph nodes the verte
brie the femur the schium and the tracher  The cord was
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compressed 1t T-10 but the substince of the cord was free from
tumor A small pulmonary tumor was located m the viemty of
A fibroctseous tuberculous focus

Case 11 History —A womn 54 years of age complamed of
pam 1n the lower back  She was 2dmutted to a haspital where
physiotherapy afforded relief but the pam soon recurred with
greater seventy particululy in the sacroiine region  She devel
oped anoreur and loss of weight Roentgenological studies of
the sicrolhac ind Iumbar regions revealed atrophtc changes
Examm2tion of the viscert showed no abnormalitres

About 7 months Inter she developed prriplegia  The followmg
day she became incontinent 4 condition which lasted only 1 few
days  She had 2 flaced pualysis of both legs shight ataa of
right finger to nose and tremor of nght extended hand  She
compluned of diffuse pam n both the abdomen and the lumbar
spme  The impression was that an extramedullary Jesion of the
cord was present possibly due to @ metastatic caremoma

Roentgenologreal examimation of the chest showed an arer of
consolidation m the apex of the left lower Iobe The outer
half of the nght clavicle md the body of the eleventh dorsal
vertebra showed destruchon charactenistic of metastatic carct
noma The patient died after a week i the haespital

Necropsy reverled a cancer on the anterior surface of the left
upper lobe  \etastases that had caused compression myelopathy
were found in the dorsal vertebrae  The tumor was an adeno
caremomn with mucous formation

Comment ~As mentioned above symptoms usutlly result from com
pression of the cord They consist of radiculwr pam and tenderness to
pressure n the area of mvolvement This has been dedt with in some
detml m the euly paragriphs It 15 well to reemphasize that when a
person of cancer age compluns of persistent pam 1t 15 an eminovs symp
tom and the cause should be mvestigated with the utmost care Vesieol
and mtestinal disturbances are subsequent mimfestations As 1 Para
plegia In some cuses the diseise 1s ushered i with both vesical symptoms
and praplegit

The dingnosis presents n undue difficulties A roentgenologscal e'(am‘l
nation 15 performed routnely but 1 negative finding does not necessariy
exclude a vertebral metastists  Bichman m a study of 59 cases of malig
nant disease found 31 which contained metastases i the bones Only 15
of the 31 were posttive roentgenologieally

A lumbar pur‘l)cture with thge Queckenstedt test 15 helpful © The level
of the block 1s best determined by 2 myelogram

crease
°An increase in the pressure of tl e cercbrospmal flu a w 1l result from zn 1
m the venous pressuze m th e jugular vens
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Treatment (d e ) should be d before the oceurrence
of paraplegin  In the paraplegic the treatment 15 only rarely benefimal
Other therap p if eg,rad and mtrogen mustard, bring

palitation 1 many cases

ADRENAL GLAND

In Chapter 6 1t was stated that metistises may miohe one or hath
adrentls  They miy be visible as solitary round nodules or they
may infiltrate the organ diffuscly {Fig 119)  Sometrmes they attan an

Pt 119 —uflese miiltration of adeensl ghin 11y mrtastrss feon cancer of the Tuny,

¢normous size 15 demenstrited in Figure 113 However onh rurels
do they destror both glinds compltels possibly becuse of late appear
w50 that ptients snccumb before the cancer has absorbed the
entire glind

Lsally the symptoms e vigue ind ther pecsence muv onby be
conjectured {lowening of blood pressure weakness ont of proportion
to the primary tumor and trices of pigmentition)  In 1 few instinecs
however cuses hive been observed 1o which the ghnds hne been des
troyed completeh mdnang Addaens svndrorc

Addison m Inv onigamt reports stited that 1 4 out of 11 cases the
discase wis cised by metsstitic cineer IHowever entieal evaluation
of frs austernd resaled that the dita which he furnished were nsuffien nt
Of the 2 cises reported by Poynton Wrisht and Laurent [ 1s proved
of the 1 cises desenbed by Wallwe Butteth and theis assocates onh

were

i 00 s
probabhy less rure than the reports swonld have us beheve
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Although mammary cancer metastasizes to the adrenals about as fre-
quently as pulmonary cancer, only the Iatter was found to have induced
the clmical syndrome of Addrson’s discase by completely destroying the
adrenal glands

Hutherto, the diagnosis of hypordrenalism caused by metastases was
not made dunng Ife  In Chapter 5 I quoted Matousek, who, at
the Walter Reed Hospital, analyzed the records of 400 prtients with
bronchiogenic cancer In nonc of the 81 mstances of metastasis to the
adrenals was a diagnosis made dunng Iife My observations fully corrob-
orate Matousck's indings

Management.—Metastases in cancers from the breast and the prostate
have been treated with hormones, by a combmation of hormenes and
surgery, or by surgery alone  Some reports attest to the successful re-
maval of a salitary metastasis from the Jung  Barney and Churchull, for
example, reported a case i which the lower lobe was removed for a
metastatic hypernephroma, with a survival of 12 years followmg the
aperation [ have followed up several patients operated on by Cushing
for a solitary cerebral metastasts from cancer of the lung  Some of them
survived 3 years after cramotomy, and ) patent survived 7 years

The matter pertaming to the surgical removal of a pulmonary metasta
sts was summarized by Lindshog, who stated that * . before resection
1 Jeved for pul I y, the primary leston
should prove to be under chmeal control, a reasonable time mienal
should usually have clapsed after primary treatment before the detection
of the metastasis, and the latter should be demonstrated as chnseally
sohitary, or at least restricted to one lobar area”

In recent years metastases to the hver have been treated by radiattae
or by surgierv (1 ¢, by the removal of a hepatic lobe)

CEREBRAL

Duagnosis —The chmcal £ of 14l
pend gn the arca of their Jocaltzation, and on the number of metasfn:;‘xec
foci  In most mstances they are multiple  In 100 cases of cancer (;7 -
lung, Ford and Kumg found 27 which had metastasized m‘the s’a "
Twenty of these were multple and 7 were smgle  The sm& eneze -
Jesion based on neurological examination should, hawever, be ac \Eicb
with reservation, for 1t 15 knows that there are areas m th”e b%m :n bieh
are “silent,” j ¢, they produce no symptoms (*bhnd spots™) e‘:em o
area 1s apparently the site of Pr@dll?(-‘tll)ﬂ for mehst‘:c‘sl;encembcmm
quency 1s the pital regaon The lep e '117:) b
are mvaded n a small percentage of cases (Figs 120, 12]

The patients may he divided into o groups

de-
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1 Those whose cerebral symptoms appear wiule they are under ahscr
ration for a lung cancer (Fig 122)

2 Those whose cerebral symptoms are the first and apparently the only
symptoms (Fig 123)

The diagnosis of 1 cerebral metastasis 1s relatrvely smple provided one
1s aware of the manifestations of primary carcinoma of the lung  When
1+ patient with bronchiogente carainoma begms to show personihty
chinges ¢g depression disonentation or mental psychopathic abnor
militees an intricranial metastasts should be conadered  Comverseh

e e TR 3
nxﬂ""’v‘“ﬁ‘xﬁaﬂ}'ﬂmmﬁl
-l 3&?, B .
B

:afm‘%"s‘fﬁ, s
AR )
fy ﬁ%&s s

s TR I

Lo

.“¢ Y “t . ‘.
('--‘

o 0N
h’ ™ Ve s, W

* 4 M R -
2XTTn
F- ;é "‘,;\J;Ff’—u o

. o *
R
3 <
ST 4 :
i R 5‘»:,‘:'{?‘;/3'- .
by 'éqﬂ 3"!&'}{ et
I AVAE HIGSAT gy e
i S AN
- vy
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5 durachao & spice

when signs of an ntercransal leston apperr 1 porsons of muddle or put
mddlc 16 her shoold als ns suggest the possibalits of + metistisiy
from the Tung  In both thesc graups the diserse my be mtiited with
manng snddenncsy and progress wath great apidin

In paticnts with sudden ansct of the duease the first symptoms usualhy
comast of (1) fichsoniin and gener sl serzures (2) hemiplegua and (31
weikness  Tlose ssmptoms e due to the imaolement of the motor
acr The discise mos stat with svmptoms of mtricrnnd pressure {c
hodad ¢ nwmscr ind vomiting Followed b senson and visual disturh-
wees Biliteral paplledema 1 absened w2 number of patunts and
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mn a farly large percentage of eases there 1s mvolvement of the peripheral
portions of the fifth, sixth, and seventh nerves

Chemcal and cytological studies of the cerebrospinal fluid do not yield
diagnostic clues. At times, there 1s an increase in the globuln and sugar,
but tumor cells are not found (Table 18).

1 ™ 9
ym’.‘":h‘.'-ff-

Fic 181, —Metastasis to cerebellum
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Fie 122 -Rronchiogenic squamtous-cell carcinomn of the left hilus with hoarsencss
as first symptom  The ncoplastic mture of the hoarseness was nnt diagnosed until the
whnt of a cerchral metastasis

Fic 123 -—A rocntgenogeam from a patint 1 whom the presentin

2 smaptom v,
camed by a metasticis to the bean PO was
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Differential Diagnosis ~The differentral dingnosts between 2 primary
and a metastatic cerebral tumor ss frequently bafing  The most common
cerebral tumor found 1n persons of middle or past middle 2ge 1s 2 raprd
growing ghoma multiforme which shows ewly choling of the optic discs
m the myjonty of patients  However the werage pentod of survnal from
the onset of symptoms 1s probably longer i the ghobhstoma than i
metastatic epitheltal tumors It vanies from severtl months to a httle
more than 1 year depending upon whether or not an opertn¢ procedure
has been carried out

Similarly the differentinl diagnosis between n atricranial metastasis
and a cerebral vascular lesion presents difficulties  The progressive char
acter of the disease with its signs of a steadily ncresing wtracransal
pressure would make the diignosis of tumor more plwsible  The same
holds true of encephalitis although some degrec of prpilledema hkewise
occurs in pnhents mlh this disease

of a metastasis 15 an ominous event,
particularly of 1t occurs 1n the bram wherc a smll Jesion sometimes
produces symptoms that requre urgent surgweal intenvention  Cere
bral metastases are multiple m 1bout 75 per cent of cises and sohtary
m 1bout £5 per cent  Their removal frequently leads to the alleviation
of suffering and to the prolongation of lfe  When the patient s condition
15 grood craniotomy 15 indicated even though the pulmonary cancer 1s
not resectable 1 have obsernved several patients who survined from 3
to 7 years following the removal of a metastasis by Cushing  Ballantme
and Byron reported a case where 1 combined attrch w1s made success
fully on a bronchiogenic carcnoma and ats apparent solitrry cerebral
metastasis  Although the 1s that mdividuals with
metastases do not withstand neurosurgical procedures very well m certan
cases a “calculited nisk” should be taken

Chao and his assocrates suggest pallintie roentgen ray therapy for
bran metastases 1 all patients whose hfe expectancy 1s not more
than a few weeks They believe that i most cases radotherapy 1s pref
erable to surgery because of the hkebhood of multiple intracrantal
metastases and the frequency of residul cancer elsewhere in the bram

Mitrogen mustard and methylcncthlophosphonmlde (thio THEPA}
have been used m the p of cwsed by 1
metastases with success  From 40 to 50 mn of the chemical (te thio

THERAY B m]u’mﬁ who ¥ Cunton x:;mmb artery 1n Yne manner used
n are d by 1) of the remedy
every /T to 9 weeks It s that luc:d skin metastases respond
to injections of the drug into the cutaneous tumors
In experimental studies hramer and Schatten found that thio-THEPA
was effective i reducing the number of melanoma pulmonary metastises
14
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when Administered fter removal of the prumary tumor  Metastases
were completely prevented m some animals
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Chapter 8

Diagnostic Procedures®

“The scctons on Bronchoscopy Lymph nede biopsy Explortory T osacotomy and
Thoracentesss are contnhuted by Dr Thomas H  Burford and Dr Thomas B
Ferguson

BRONCHOSCOPY

Broncroscor 1s one of the most imp dngnostte nd
procedures available It should be considered an mtegral put of the
workup n every patient with a suspicious shadow except perhaps
solitary csrcumscribed lesions that Sre far to the periphery The mun
abjectrve of bronchoscopte exammation 1s to visuabize an endobronchnl
tumor mass and mahe a tissue dngnosts by bopsy  This can be done
only i 1bout 50 per ccnt of the cases however because the broncho
scopic view of the tricheobronchual tree is umited by the anatomic
conBgurttion  The trichea mam stem bronchi and secondary divisions
of the lower lobes can be sten clearly m the vsual case but visuahza
tion of the upper lobes 15 usvally hmited to an oblique view of the tun
onficc.  Endoscopic sets with lens systems are ay wlable which permut
deguate night angle visuthzation but these are not m general use

The fact that a tumor 1 visuahzed and a biopsv tiken through the
bronchoscope 15 advantageous from the standpomt of diagnosis but may
have wn ommous prognostic sigmficance  In a recently reviewed series of
501 cases of proved pulmonry cancer treated at Barnes Hospatal St
Lows a posittve tissue diagnosts was obtamed in 211 cases or 46 per
cent of the 459 patients who were bronchoscoped  When those with
positive findings had exploratory thoracotomy only 1 c1se in 4 (28 per
cent) had 1 lesion for which pulmonary rcsection could be done the
others bemg nonresect1ble in 2lmost Ul instinces because of blood vessel
mvasion at the lnlum

Other important information ¢ be guned from bronchoscopy A
careful evaluation of vocal cord function slhould be done before the
bronchoscope i1s passed beyond A paralysis of esther recurrent lryngeal
nerve 1s an omnous sign and may alter the plan of treatment  The left
nerve 1s more frequently invaded A few long term survivals have been
reported followng resections where the recurrent nerie was myolved
but in the vast maority of patients 1t 1s an tndication of noncurable media
stinal penetration  In the Barnes Hospital serses no cise with recurrent

(215)
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nerve myoh ement has survived 5 years A widenwng of the canina should
always arouse the suspicion of tumor metastases 1 the subcarimal Iymph
nodes or tumor permeation of the submucgsal Ymphatie chaunels 4
biopsy of the carma should be taken in such cases because demonstration
of tumor in thus arer means the lesion 1 beyond surgseal control If a
tumor mass 1s present in one of the mam stem bronchi 1t 15 vital that the
surgeon do the examination and determine the location and extent of the
lesion  He can then judge whether sufficient bronchual length 15 present
to perform the resection and lewe a bronchial stump free of tumor

Other abnormahitics may suggest the presence of a tumor which i
outside direct bronchoscopre view A firm estralununal mass may m
pinge on the bronchus and cause lumimal narrowng, or the normal degree
of mobiity of the bronchial tree as tested with the bronchoscope may be
lost when the tumor mass encircles the bronchus  Blood or blood flacks
may be seen commg from a segmental ortfice, incicating trouble beyond

The direct endoscapic collectron of secretions from the bronchus drain-
mg an asea of wfiltration 1s an important diagnostic study  If secretions
are scanty the bronchus may be 1waged with a small amount of saline,
which 15 inhaled deep into the lung and then coughed back to the
bronchoscope tip where 1t can be aspirated mto a trap contamer The
sccretions can then be studied by several mewms A recent notable
advance has been the development of etfohatice cytology Stamns and
cultures of the secretions are helpful w determiming whether tuberculosis
or fungus disease 15 present  When pyogemc mfection 1 superimposed,
sensitnvaty studies will lead to proper antibiotic coverage and allow earher
surgers Jocal

In the majonty of patients bronchoscopy can be done under loca
anesthesta with mintmal discomfort if proper attenton is gnen to a few
details  Topical anesthesia should be apphed rapidly and th(m)ug;hf)ll
We fecl 5 per cent cocame solution is shll the most satisfactory agen!
available, and ¥f the total amount used 15 hept below 10 ce very few side
reactions will occur  In cluldren and some apprehensive adults genel'ill
1 Bronchoscopy should be performed with 3
defimte plhnned procedure well m mnd after study of the patient .’ng:
lus xray films The examination 15 done to look for cermmhspeclm
changes, not merely to “look around * In expenienced hands the mh-
time of the examination, mcluding taking a biopsy and bronchial “‘”m
wgs, should bs no more than 2 to 3 minutes Very few patients W
complan of a bronchoscapy that 15 deftly dove.

anesthesia will be

LYMPH NODE BIOPSY

alpation of the supraclavicular areas is very

Careful ection and
e . of the Jung cancer suspect, for this 1s one of

mportant in the evaluation



Lsplitory horcotomy 217

the first extrathoracic regions to become miolved by metastatic tumor
If a palpable mass 1s present 1 biopsy should be t1ken s 1 first pro
cedure for it will yeld 1 hestologren] diagposts and show the lesion to
be beyond surgrenl help at the sime ttme  Recogorzng this as an
mmportant lymphatic pathway for extension Danels did deep cervical
biopsies m pattents without pilpable nodes a method now known s
scalene (or prescilene) fat pid biopsy The supriclavicular sneiston s
the same as for phreme nerve crush The entire block of fitty tissue
Iving on the wterior scalene muscle 1s dissected out and removed lewving
the muscle ind the overlyng phreme nerve cleanly exposed The fat
prd 1s then dissected for nodes  Contir has stressed that 1n 2dequate
bropsy should vield at leist 4 vmph nodes  The side of the nech elected
for exploration depends upon the location of the lung leson  For 1n
upper lobe lesion the ipsilateral cervieal region ts explored  For a lesion
of the night middle Jobe or erther Jowcr lobe the nght side 1s explored
This 15 based on Rousicre s studies on the lymphatic dramage of the lung,
showing the left lower lobe drunage pathway ss prmcipally to the night
paratracheal nodes by way of the subcanndl chamn

Excluding paittents with palpable cervical nodes the inctdence of post
tive scalene bropsies 15 too low to recommend routme use of the pracedure
mn Il cancer suspects  Seghers found 14 positive results 1 4 serfes of
132 cases an maidence of 11 per cent Hukin has suggested the combi
nation of scalene pad excision with superior mediistmal exploration to
ncrease the number of positive tissue ditgnoses  The superior medin
stium 15 explored with the finger and with 1 Iighted instrument such as
alaryngoscope nd 2 biopsy 1s tiken of any suspicious arers  In a series
of 142 exses of cincer without palpable cervical nodes be found positive
tissue m the cervicomediastnal arcas m 45 e1scs or 317 per cent  The
value of this etended procedure 1s questioned howcrer sice patients
who require a dragnoshie procedure of this magmtude probably deserve
an explortory thoracotomy

EXPLORATORY THORACOTOMY

The value of exploration of the chest as a combmed dingnostic
therapeutic weapon agawst cancer 15 now well estibhished 1f a lung
malignncy ¢ e diagnosed by one or several of the methods mentioned
1n previous secttons it stands a reasonable chance of being non resectable
or resectable with lymph node involvement 1t the lesion can only be
dragnosed at thoricotomy and frozen section biopsy it stands a2 good
chance of being extirpated with cure  In 51 cases of cancer that survived
5 years after surgical resection reported by Overholt exploratory thora
cotomy was needed to make 1 diagnasis in 30

With merersed knowledge of respiratory and cireulatory phystok
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problems of flud balance, and modern anesthesia, the risk of thoracotomy
1 very low  The standard maumum surgrcal treatment for cancer of
the Tung, that 15, prenmonectomy with removal of the hiler nodes, was
performed on the very first successful case 25 years ago, so that increasing
the magmitude of surgen 18 not bikely to amprove the survival rate Our
only hope hes n the detection and resection of tire mahignant lesion at
an earhier stage of its development.

THORACENTESIS

The detectron of pleural flsd 1 cases of suspected lung cancer 15 1m
portant smce metastases to the pleural membrane 1s generally accepted
as an extension wlich is beyond surgical aid as far as control of the
neoplasm 15 concerncd It 15 important to sealize that the presence of
fiwd per se in a cancer erse proven by other mcans does not mean that
the lesion 15 nonrescctable, even if the fluid 1s blaody  Preumomitts distal
to a bronchal cancer can cause an mflumm tory effusion and the lesion
still be resectable at operation To be of progrostic significance, tumor
cells must be demonstrated i the flurd  Tins can be done by cytological
smear if the quantity of flurd 1s small, but if an ample amount 15 present
1t should be centrfuged, the sedment blocked in paraffin, and routme
tissue shides prepired  True mctistases to the plenra consist of mnumer-
able implants on the visceral and panictal surfaces, which vsnally cause @
profuse outpourmg of flud, frequently blood tinged  For this reison
tumor cells arc rather easily demonstrated m these cases, and if celt
{ of pleural metstases should

blocks are repeatedly negatrve the drag ;
be sersously questioned  [n a sertes of 19 cases of undignosed pleura

effusion seen at Barnes Hospital, m whom the cell blocks of the pleurat
Hld were negatne, the chmeal suspicion of cancer was strong bvcmxls]c
the averige pitient’s age v 15 50, and 7 of the 19 effusions contasned bloo
At cxploration m these 19 patients, howescr, only 2 cases of mahgmnc)‘
were found, 1 o bronchogenme caremoma with pleural extension, and
the other a milignant pleur 1t mesothehoma

SPONGE BIOPSY

By tlus method a specimen is obtamed, not by smppmg off Il)msﬂuf
tissue, but by absorbing the susprcious mmc‘r \\1(31 a sponge  Breefly,
the techmque 15 as follows  After a th 1
of the bronchial tree, a smhil segment o s
sponge), which has been attached to the sponge carreer, x; mtrot e
wio the ortfice of the suspected area It 1s then atowed to smmeﬁ o
sothed with the fissue secretions  On withdrawal, the sponge 15 i ¢
n a 10 per cent solutton of formalin, sectioned, and staned "b t]:le s.z:)r;e
mauner that sections are prepared from paraffin blocks  Under

'3 sponge (Gc\%o.\m or Onho
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mcroscopt 1} & humor cells are seen with n the matrx of the Gelfoam

sponge  Thus far sponge b opsy has y elded favorable results

ASPIRATION OR NEEDLE BIOFSY

By this method a needle of 17 or 18 gauge cal ber attached to 1
synnge 1s nserted throvgh the chest wall d rectly mto the neoplast ¢
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tissue The hssue 15 then asprrated by means of a strang, uegatne
pressure The VimeSilverman needle 1s considered to be the most sutable
for thus procedure  The withdrawn ussue 1s then fived m formaln and
stainied with the customary dyes (Fig 124)

Accarding tn some observers, this process s fraught with danger It
<an fead to vanious complieations, such as, an imp!wtation of neoplastie
celfs aong the track of the needlc, a hematogenous dissermmation of the
tumor cells, prod af a g harax, ek y hemennge,
empyem?, production of 2 septic air embohsm, shock, and convalsions
On the other hand, there are observers who find that the pracedure 15
selatisely safe  Alfibrtten and Brechenbndge practiced & on 50 patients
who were affected with diffuse pulmonary diseases, fe, Pneumonoconio:
s, it frg) and tubereul They found
that “st was well tolerated by the paticnts and produced mmmal comph
citions ” Hosemond and hus assotiates stated that “the hazards mvolsed
can be muumzed of precavtions are observed” They advorate the
method whenever a definite diignasis of carcinoma cannot be made by
means of a bronchoscopic or cvtologieal study  From therr study of 143
patients with carctnomn of the tung, Gledlul] and hus assoctates coneluded
that “the methad can be used without senous complieations”  They
obtuned positive resuits n £ 1 out of 56 prtients, oz 785 per cent

While 1 my own observations T have found no senous campheatious
tung-cancer patients as a result of fhis type of buopsy, T consider 1t
potentrally dangerous and of hrted value It 1s best employed im eases
of soft, peripherad lesons, and should be done wnder the control of ¢
fworoscope 1 believe st should be used only as @ last resort i cases
where other methods have faled to yield results

THORACOSCOPY

This method, devised by Jacobaeus i 1831, calls for the msertion of
4 narrow, cylindrical cannua through an ntercostal space  An optie
mstrument 1s then ntraduced 1nto this cannula so that the pleural surfaces
can be mspected  This process ¢ weed principally 1n tubereulosss cases
n order to locate and sover pleural adliesion hands (prenmonolysis)
that may nterfere with a complete collapse of the lung

Landshog considers “the procedure to be evceedingly R
but complicated and potentsally hazardous i practice reu o
the most hazardous element 15 a possible fection of the pleunil eavity
wath tubercle bactih, which may lead to a tuberculotts er?p)Em1A cond

16 lung cancer the procedure 1s preceded by ap ’ v rcc "
wg to Ldwards, thoracascapy 1s of fittle value m cases wl 1erex }su g‘;yml.
contemplated, ‘as a removal of a portion by buwpsy forceps wxh con! e
nate the pleural cavity with mahignant cells and possibly mfective m

raple w concept,
1 tubercnlosss,
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11 from the lung ~ Accardmg to Burforg 1t has ng Phce in ghe chag
" (pers, on)

Tos1s of tung cancer’ onf Commumeyy,
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Purpose of ronchography 5 to etemune g, Presence of
m cndobmndml Iesion nce th, broncy, e not vighl, with the

anchugnpln which ¢ Widely ysaq 0 Clses of Purulens mfectiong
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mikes any particulr difference 1t 1s of grexter importance to provide
sputum that contains no food or other extraneous particles

To prepire smears blood bnged flecks or mnute particles of the
sputum e spread over glass shdes m 4 mnner similir to the technique
used mn the prepiration of smears for the detection of tubercle bacilh

cancer) 1 bronchial secretian (Pap-n olio

Fio 175 4 Cincer ecls (from lang oamect) 1n bronckil eesn LHEC (L)

technigue) B Mn rophages nl ng n't
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Howeter, the smers shauld be fved promptly m a solution of equal parts
of leohol wnd cther  Sputum that has not been ficed immedntely
deteriorates almost mstntly and 1s const quentlv useless for studv Several
smears should be prepred
Bronchial Secretions ~\Vhile sputum c1n be collected mn the physicians
office the collection of bronchial secretions requires hospitahzation be
cause 1t 15 performed simultaneously with 4 bronchoscopy

L 4 ; TWW T

Fic 128 —\tacrophages m lung in the vicuty of a chrome lung abscess
paraffin section

The secretions are secured from an area adjacent to the neoplism
by means of an wpirator attached to « bronchoscope  If the amount of
secretion 1s scant and msufficient for study, the asprrator 15 w ished with a
small quantity (2 to 3 cc) of a normal saline solution  Smenrs are made
directly trom the secretions deposited on the outer surface of the tip of
the asprrator  Instead of an aspirator some bronchoscopists use cotton
or gwze pledgets held m a bronchoscopic forceps  The suspieious spot
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on the bronchus 1s rubbed with the attached pledgets and the mucous
thus obtamed 1s spread over the surface of a shde  This method 15 very
sumilar to the sponge biopsy procedure described on page 218 The
smear prepared from the bronchial secretions should Iikewsse be fived
tmmeduately  If the collected bronchinl secrctions are eveessive, they
are centnfuged, and the sediment 1s utilized for both cytologeal studses
as well as for routne paraffin sections (Fig 126)

Comment —1 The use of the exfoliative cytologcal dragnostic method
has been contested on the grounds that a diagnosis of malignancy can
not be made from the appearance of scattered single cells alone  In the
past, pathologists beheved that, morphologically, & malignant cell varies
1 0 way from a normal somatic cel This view 1s no longer accepted by
present day observers, who beheve that differences are discermble under
the microscope  These differences generally consist m (a) the dispro-
portronately enlarged nucleus of the malignant cell, (b) the pattem of
the chromatin contents, (c) the unduly prominent nucleol, (d) the
multmucleation of the cells, and (e} mutoses Many other aspects can
also be detected by an evperienced obseryer.

Cells exfoliate not only singly, but m adhesive groups, or clusters
Tlus affords the cytologist an opportumty to observe the pattern of the
growth which 1s silar to that revealed in paraffin sections “Though a
positive dragnosis of 2 malignant neoplasm may sometimes be made on
the strength of smgle abnormal cclls,” wrote Papamcolaou and Liehow,
“the most conclusive evidence 15 usually afforded by the presence of cell
clusters or small ussue fragments which give an insight mto the architec-
tural pattern of the tumor ™

2 Not only are cytologists mn a position to identify the malignant nature
of a cell, but they are also able to ascertain the prticular type of mabg
nancy, i ¢, whether the cancer 1s an epxdermmd carcinoma or an ader}:-
carcmoma  According to some oy tologsts, squamous-cell cancer can . e
1dentified 1n about 80 per cent of cases (Squamous-cell cancer 1s n;
most common form of cancer of the lung ) Adenocarcmoma 1s |denhﬁed
with great difficulty, and undifferentiated-cell cncer (1 ¢, small-cell an
ont cell cancers) 1s even harder to recogmze

3 In cnmparfmve studies one groupg of observers found that resul:
b d from the 1on of edoliated cells and of tissues obtamt

by bronchoscopic biopstes are quast sumilar, another group f:;l;ndeﬂ:;l
the method of exfohative cytology provided superior rr:sultls1 (},owd:, "
this method (when the sputum alone 1s examined ) establs! es, ! r;] sfe
nosis of the tumor alone, while a bronchoscopy reveals, not only 4 (;: e
of the tumor m the bronchus, but the state of the bronchus 5"; ot
mediastnal structures as well Furthermore, the results obtamed fro

biopsy are rarely equivocal g
4Psgxfohar:ve iytglogy has yrelded positive results 1 peripheral, bron
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chioltr, wnd segmental cncers which carnot be scen with the broncha
scope nd thercfore re not susceptible to 1 bronchoscopic biopsv  In
a4 study of 13 peniphert] eancers of the nght lung Ackerman found no
positrve resutlts m the bronchial washings but 20 per cent positive results
m the sputa From the Ieft lung he found 28 6 per cent positive wshings
and 133 per cent positive sputi

5 Whether mnciprent or casly stages of cancer e be detected by the
use of the exfolitre-cytologreal method remuns to be scen (It 25
well to pomt out that the notion of “exrly cancer” 1s 1 moot questron )
A z to Pip 1. “growths a few millmeters m
diymeter hive been successfully detected before there was any other
certam mdication of their presence such s shadows on tray evamina
tion or lesions visible through the bronchoscope ™

6 Whether the sputum or the bronchul secretions provide the best
results 15 a subject that 1s sumilirly debitible  There 15 1 disadvantage
m using the sputum bec wse 1t 1s composed of bronchial and trachenl
cells as well as cells of the ortl civity whereas the bronclnl seerctions
contan bronchril cells only ~ On the other hand the collection of sputum
15 so simple that 1t can be done i the physiciins office or at the patient s
home and can be repcated whenever necessary  The collection of bron
chial secretions cannot be performed outstde the hospital

Summary —\When properlv collceted wnd processed the sputum and
bronchul washings taken from pitients with pulmonary encer show
the presence of malignnt cells i from 70 to 80 per cent of cases  The
ughest figures of correct drignoses e obtuned 1n epidermond {central)
cuncers At the Bumes Hospital St Lows Missount epidermord care
noma yelded 892 per cent carrcct dignoses undifferentitted cell
crctnoma 76 2 per cent mnd 1denocircinom 393 per cent {Burford
and Ferguson)  Peripheral cncers ilso furnish correct positive results
although much less frequently  False positive results occur m from 2
to 3 per cent of cases

According to Burford nd Ferguson exfaluatrve cytology as a duag

per
Indl
with
to correct positive bronchial biopsies 1 1b per ceat

At the same hospatal from 1946 to 1951 there were 4 falp positive
reports and since 1951 there has been only 1 false positne report In
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a series of 198 surgical resections, 48 were carmed out with the cytological
finding as the sole tissue diagnosis

However, a positise ¢y tological findimg {accordmg to the same authors)
has no prognostic implication as 1t does with a bronchoscopte bropsy
Positive smears were obtamed n 561 per cent of the resectable cascs
and 59 per cent of the non resectable cases, whereas with a positrve bron
chial biopsy 3 patients out of 4 were non resectable at the time of surger

Sputum 15 preferable for study because 1t 15 easily obtamnable and the
test can be repeated at will

Any ptient-particularly a male of middle or past-middle age~with
pulmonary symptoms suggestive of capcer should have his sputum ex
ammned for the presence of mahgnant cells  If the reported results are
*doubtful* or “negatrve,” the sputum should be reexammed 2 or 3 times
at short mtervals  This holds particularly true of the roentgen ray evamr-
nation shows a picture that suggests the presence of a neoplism

Hemogram —In cancer of the lung the blood picture Iacks charactersshe
featares of d 1c or p 1c sigmfi At certun stages of
the disease anemra occurs m a high percentage of cases and 1s attributed
aither to a contmuous Joss of bloed, an uncontrollable mfectron, or a
nutrtional disturbance My elophthsic anema, however, 1s rare, although
skeletal (i ¢, bone marrow ) metastases m cancer of the fung are frequent
and widespread  The concentration and size of the erythron usually
reman unchanged n the presence of extensie metastases to bone
marrow  Generally there scems to be no correlation between the cellu
lanty of the bone masrow, the extent of metastatic imolvement, and the

anemta
1t 15 noteworthy, however, that m cises of lymphingiosis carcinomt

tosa (with the storoach as the pnmary seat of the cancer) a hemorrhme
chathesis occurs which 1s sumilar to that observed 1 purpura and throm
bocytopena It 1s believed that 1t 1s caused by the replacement of ﬂ\;
bone marrow by the metastatic cancer cells A quast suralir type 0f
anerma 15 encountered m metastases to the bone marrow from cancer o
the prostate In prostatic cancer the anemra 15 attibuted to two fafc({(;‘r:
(erther separately or conjomntly), (1) an extensive destruction o
bone marrow by the metastatic cancer, and (2) a hemolytic agent
Some observers have suggested that anemry develops m mnccr‘a:e;
result of a shortening of the hfe span of the red cells, others hue sta d
#hat it 1c Ana to hvnoferremia and still others, that it 1s.due to‘a deficient

blood may 2150 De dutiiey s«
al and known as leukemord reac
a white cell count of 50000
tond leukemord

The white cells of the pertpheral
nant discase  The changes are numeric
tions A leukemoid reaction 1s defined as
per cu mm It may concern the myelord sertes (2 smye
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3 1 leuk

reaction) or the ¢ serses (7} d reaction) The
leuhocytic count 1 these crses may rech 100000 cells per cn mm nd
over In the past these cases were mvarribly diagnosed s levhemin but
studies of bane marrow has e shown that a leukemord reaction 1s mvohved
not leukerma

Fahey observed 3 cues of myelord reaction m 160 cases of caneer of
the lung Henhin described a case of ctacer of the lung i winch the
)euLocvhc count rose to 85000 In a case of Jichsons the white blood
count raged between 51,550 and 116 000 with 85 per cent polymorpho
nuclear Jeukocvtes

I abserved a cwse of ¢ leukemard reaction ur t 80 yewr ald man with

*+ Y sme of the

the white

- cell count

rose suddenly to 25000 per ci mm 62 per cent of which were lympho

cvtes  During the next 4 yers until hus death in 1854 the blood count

oscillated between 25000 and §0000 per cu mm At autopsy the bone

marrow was found to be homogenous red w color hypoplastic and

showed na metastsses (the ecthanum stermum nibs and vertebrae were
exammned )

The mechinsm of leukemoid reactions 1n cancer 1s not understood
T s compeetured thit (1) the Bone mrrow becomes wrtated” s 1 vesult
of metast e molvement (2) tove substances become liberated by ex
tensive necrosss of the cincer of the adjicent tssue leading to the over
production of the white cells {3) cincer cells produce substances which
stimulate the overproduction of the white cells

A ooding of the penpheral blood with eosmophules hns been observed
1 cwes of advanced lung cancer with widespread mettstises  Agan
the mechanism «f the cosinoplulit 1 not understond

Refesences
Bronc} oscopy

Brovies £ N\ Bronchoscopic esperiences w h tunors of the lower respiratory

tract Ann Otol Rhin & Laryng 57 129 194
Canrgn M D Agsbrr R R and Pieer C A End scopre s 1

Tiora ¢ Surg ®° 356 1901 Pre sponge 1 opsy |
Cigar L H  Progress m bronckology JAMA 126 733 1048
Cranstone 5 A LUse of sponge in lhe collection and tssue
\ bopsy Am ] Cia Path 19 B2 I and preparstion of tssue for
Hounoer P and Ravven D B Bron:hu;co e d agnos 5 of b

poe Pt Rae pic @ agnos s of bronchial carcinoma
Iserrs H ~ VWhat dpes nodern bronchoscoy ide far? Schr

T8 ties s scopy prorvide far? Schwewz med W chasche
Jaowon € and ’AEKSDN C L Broncl oesop! agolog, 1

o s esoplagolog; T2 Tidelpl a W B



228 Diagnostic Procedures

Pmaey, W P Bronch Y
A ronchoscopy in pulmonary diseases, New Orletns Ved & Surg |

Rimmg £+ 7 O L ame € v
- on of

e st

AAlLLENs, ] P \alue of bronchial investigation for detection of bronchnd cancer
Indscations for bronchoscopy Schweiz med Wehnschr 81, 88, 1851

Lymph Node Biopsy

Covvam, R G Prescakene and deep cenvical Jymph node bropsy, Surg, Gysee &
Obst 101, 733 1955 P s P 5 G

Cuorkenoart, | H o Use of prescalene lymph node biopsy in abscnce of palpibl
supridavicular nodes, AN A 155, 741, 1954

Danters A C A method of biopsy useful 1 disgnosing certamn mtrathoraese dis
eases Dis Chest 16, 360, 1949

Foiey F E, Praup R H, RiLratnich, J T, and Morcan, R P Sedene-node
evasion, Surgery 40, 516 1958

Hanrew, D E Buack, H, Cuavs, R, and Fanrann, R E - A sumple cenicomedus
stinal explorition for tissue dmgnosis of intrathoracic disease New England |
Med 251, 1041, 1954

Jomwsson, J E Jr  Results of scalene-node biopsy m patients with pulmonany
cglaifications, Am Rev Tubere 72, 91, 1933

Suerrs L M Trarny, A A, and Swrspeer, H - Scalene node biopsy, Am Rev
Tubere 68, 505, 1953

Suvacr E F, Haug, |, Carn, D, and Rowsrns S G Routne supraclaviular
buopsy i suspected bronchiagenie circmoma, Am Surgeon 21, 590 1933

Stopey, € F, and Resnotps, B M Biopsy techmque in diagnosis of intrathorate
lesions Including kong buopsy, mediastinal biopsy and resection of the derp
cervieal fat pad and its contuned nodes, Dis Chest 23, 357, 1953

Yane W W Scalene-node biopsy, Califoron Med 85, 165, 1956

Asprration Blopsy

Durea E R and Gemast, C L Needle biopsv of the lung JAMA 155,21 1951

Giepunx, E Y Semces | B, and Binrons, € H  Needlé aspuration 1n the hag
nosis of lung carcinoma, Am ] Clin Path 19, 235 1010

Ruassen h P, Anevw, A ], and Conms G M Boopsy of dufuse pulmonary
lesions Arch Surg 59, 693 1949

Kessenrz E T The use tnd mususe of necdle biopsy 1 the dugnoss of maby
nmnt discase, | Lomsitnn Med Soc_ 108, 293 1956

o Dojmmu_, ¥ IV Lung biopsy as a diagnostic a1d, New York State § Med. hov

1955

Rossvonp G P, Burnerr, W E, and Hau, ] H  Vale and hmtations of

aspiration biopsy for lung Yesions Radidory 52, 6 1989

Theovos, P A AvterrrTey F F, aud Breckesrinee, B L Lam,
pulmonary disease Dis Chest £7, 637, 1953

g bopsy m duffuse

Pleucal Bropsy
Bpecaen 1A Horeean If E,ond Hug, H E Pleural biopsy, New England
B 2 R R s Crrowe, B Needle biopsy of the pitsl plew
smﬂ‘if‘x& E]ng :.nn"adlf»');fi:sr\si “‘m?ﬁigmx (hagnosts of pleural effusion by pleveal
tiopyy, J AMA 158, 907, 1955



References 229

Thorscotom 4

Besatz P E and Cuicerr O T Evploratory thoracotomy m dragnosis and
‘management of certasn pulmonary lesions ] AMA 152 79 195

Crow | B Braprors M L nd Marov H W Exploratory thoracotomy fn
the < gt o smirathorme dusease 1 Thosacic Surg 17 480 1948

Rosrzior T Cantses © ] Diagaostic W oracotomy for sohd pulnionary
wfiltrates T!mm 5 229 19%¢

Bronchography

Fisomen § R Die Darstellung des Enbnchm“nmnn it wasserloshichom fontrast
watte] Schuerz med Wchnschr 78 1025 1945

Fusse M E Heopene G A awd hawcen v R Water soluble contrast medsum
Sor broncl ography Arch Otolasyngel 37 288 1953

Zszsson § Bmm.hnzraphi n daignosis of bronchoweme caroinema in two patients
Witk apparently normad chest hlms Radiology 65 863 1955

Thoracoscopy
Cerast C L ond Bumzouans L G Use of the thomcoscope 1 tlc diagnoss of

certam mizathorack. peopirms § Thoraon Surg, 27 266

Exfolatune Cytology

Apavts G The L’ytu‘n"! - e . ~ 0 .
Aan H S o
puhnan-lrv . . o v
Avesr, A + camor cells w bronel il seorctions Asa § Cha

?ath 55 1949

Bastporrit §  The examimation of <putum and p[euml fud 1 the duagposs of
mhgmm dweise of the lang Therax I 118 1910

Barser N R Dvummbon of sputum for nuhy:amz celly and partreles of malig
namt growth § ¥} eracic Snjz U5 169 19%-1009

Bescran M Smarz B A Fuance 1§ Apical pulmonary tubercnfosis—
the value of sputum cell study w the differentnd dugnoss ] AM A 138 798
JET)

Brocams B and Lasswone G ¥ La recherche de eolinfes neoplangues daps
Texpectarition an <os 55 dey cincers brond] iques Presse med 60 730 19352
Bevese D A and MuDosap § R Factors responsible for the falare of
(-ylto)nau exarmination 1n cases of broachagemic carcinoma. 8 Chn North Amertea
a7 1191 19

Camas W G and Fans H W Tracheal aspration—an :\ddmon:ﬂ method for
the enly dugnoss of carctaams of the lung, Gancer 3 475 195

Ciassse P Diygaosh jue précoce dn cancer du pourmon o l(tude hustologique
des crachats Bill mem Soc méd hép de Paris 46 46

Cugar Ll wd Hesotr P A Early dugoons of canccx os the lung JAMA
150 793 1952

Crese L 3 Hesgoy P A and Nesox T F Ja Cytofomic studes and prog
ot res dts an bronchogenic carcmoma Ann Otol Rlws & Laryng 60 840

51

Cnoss K R Copconsn T b Coorer T § and Lasors § N Brenchul carer
noma Awh tath 43 491 1949
De Rovenis E D P Nowrar W W and Saez F Genrral Cytal
I'Iuladtlphu W B Swnders Co 1048 D Grureol Cytologs
W Use of Woghts stun b t cell
aspmuom gt ks sk 2o dagnons of maligoan cells m bronchial



230 Diagnostie Procedures

Doops G A Carcinoma of the lung brone} 131 seeretton studics i carly d agnosis,
] Lancct 69 351 1910

Deoceoy L S and Wrictey C H  On the demonstration of particles of malig
nant growth in the sputum by mews of the wet flm method Laryng & Ouwl
50 752 1935

Ewss F H Jn Woouser L B and Senvmr H W Metsstatie pulmonasy
milignancy a study of factors invohed in evfolation of mabgnant celis
] Thoriac Surg 50125 1950

Tanoin S M et @l The enly diagnosis of primary hing eancer by cytolog
meth ods Dis Chest 20 237 1951 ey e :

Lamaen & M Rosewmitar M Awston B F Bentorr M A and McGrams A
b C¥! lagie Diagnosts of Lung Cancer Sprngheld I Charles € Thos
195

Farpew S M Woop D A Iwamn S5 L and Prensov B SigmPont cytolop
findings 1n non malignant pulmonary dievse Dis Chest 31 11957

Frtceson | H - Some hmitations «f cytalogic dugaoss of malignant tamors
Cancer 2 845 1949

koor N € Cytologic diagnosis in suspected pulinoniry cancer Am ] Chin Path
25 223 1955

Gowar F J S Curcnom of the lung—tl e val te of sput m exammation i d g
nosn Bnt J Surg 30 193 1943

Crzot } B Memaer B M and Crose 3 B F 2% nchl plcer mining bor

Gran

Hans o

g, 1nts ot Lranct ogenic cascinoma ey
Am § Cha lath 21 550 1951

Hatrmaan E - The cytologic feat wres of carcmomas as stidied by d rect smewr
Am J Path 24 1199 1948

Hincsmaany H and Wrrrenso D Zptologische Fruhdigrose des Bronelal
Kurziomas mit Hilfe gezielten Bronchiabonde Deuteche med Wehnschr ™5
0 42 1958

Hpr G‘ 3(:)mdm,';nmn 1 ptimonury cincer Ann chir et gynec Fenn 42
Sup)

Exfohative cytology J Thoracle

gy W vronchial asprates n ealy
poences 1 a small general Tosptab

Jackson £ Brarowt Foand Ackersaan LoV

Surg 21 7 1951 e
Jeaanes R C and Snaw K M Tle value of cytologieal exa mn.\kmnao
sputc m i the diagnosts of careinoma of the bronchus Thorix 8 288 195

W A Cytologic stud es of sputum
Lizsow A A Lisoskac € E and BLoowvr 3ol stud ¢ o sl

ind broncl 1al secretions sn dugnosis of cancer of the hung
Matuews W H Lxamination of spttom for tumor cclls’ Cnad M A J 58
336 1948
\McConvath L J Hazano J B Errign D B Groves L Kk end Bsw‘«llﬂld ?
Expcnences with fl e cyfologie examunation of bronchial swabbuags in the duig
nosis of cancer of the lung | Thoracie Surgery 29 277 1955 The dngaoss
Mchay D G Wane P F Amwoop D A and Haman D A < g
of bronchogenic carcmoma by smears of bronel oscopic aspirations Can
208 1948
OReere ] J
60 931 1950
IAM%«O;ZG&(‘:U G N A new procedure for stalning vaginal smeus Ser
438 1342 Dugnostic value of exfohnted cells from ctacerous tssue J
131 372 1946
—3 ‘Atlas of Exfolatine Cytology Cambrdge Mass The Commonwealth
Harvard University Press 1904 o
Fund Te value of e\zlnh-d cells from cancerous tsues JA M A 131 37

The cytologic dingnosts of prmary bronchiogeme carunoma Lanys
¥ ence 95
AMA

1946



References 231

Paranicoraou G N and Rorrowska 1 Pulmonary carcinoma s situ Cancer
1951

Pumes T R The wentification of carcinoma cells in the sputum Bnt ] Cancer

Quisenptrry W B Cytologic diagnosts of cancer b, smear technic hustory, apph
cbons and future of method Hawan Med J 8 1948

Rencowp I M and hoswauier B E Exfohatne qlology of bronchogenie carci
noma Ann West Med & Surg 4 165 1950

Riameoson H L Hister W € Conxus § and Peremses E B A cytolusto-
Togie study of bronchil secretions Am ] Chn Path 19 323 1948

Riciampson, H L Ross L G and Siwox T R An evaluation of the con

n the

comtant use of eytological and 1 tologeal tech o of cancer
i exfobated materia from various seurees Cancer 8 48, 153

Roue D § and Ouson K B Sputum specimens versus bronchial aspirates 1
duagnos:s of bronchiogenic cancer J AN A 164 167 1957

Satz B A Bercmax A and Gy § H  Sputum cell study for pulmonury
caretnom as a route J Lab & Clin \Med 33 1588 1048

Sumsian R AL Value of cytologic smear w duagposis of ¢ancer New Orleans
Med & Surg ] 101 108 1948

var H ] Fize D | and Ackemsan L v Lefohative eytology and p dmonary

t ] Thoracie Surg 30 90 1955

Uerionn 11 Exohie c)lolowv as apphed n dugnosis of malignant discase
South Carol n1 Med Assn' ] 46 177 1950

Usaxen W tology 1 bronchogenic carcmonn Am | Chn Path 22 558 1950

Vincent Nemm,afuogpml The Cytologic Diagnosss 1 f Cancer Philadelphin W B
Saunders Co 1950

Wanpatn H H  Dcmonstrition of neophmc cells 1n tle sputum Acta Puthol &
Microbwl Scindimav 20 485 194

Watson W L Croviweer I Cwn-z“ L and Pavancoraot C N Cytology
of bronchual secretton s role m the diagnosis of cancer J Thoracie Surg 18
13 1949

Wooraen L B and McDovawp ] R Duagnoss of carcmoma of the lung The
value of cytologic study of bronchiat secretions JAN A 139 497 1949



Chapter 9

Radiology
Arnvorp L Bacingan, M D

Routine Radiography,—In the study of pulmonary neoplasms fluoro
scopre and radiograplue stuthes are the mtal and basic exammations
Under the fluoroscope the gross shape of the tumor and its posttton
within the Jung are ascertuned  More mportant, however, 15 the utiliza
von of the fluoroscope i determuming abnormalites of function, since
it provides mformation as to the presence and type of pulsation of the
tumor, the movement of the diuphragm, and the paralysts, of any, of
the vocal cords

The routine v ray films of the chest are taken mn the posteroantenor,
anteropostertor, various oblique, and lateral views. These films yteld
permanent records for careful study i much greater detail thwn can
be seen fluoroscopically  The exact position and ntrmsic characteristics
of the tumor may often be determmed Pleural thickenmng, pleural
ffuston, and widening of the mediastmum are well demonstrated In
addition, v ray studies usually help m formulating diagnostic methods
and, vitimately, n applymg the proper treatment

In mstwces where the pulmonary density 15 great and extensne, o
15 contiguous with the medsstinum, an overpenetrated exposure film 1
often of constderable ard  1With an expostire 2 to 3 bmes above averageé,
the normal lung fields become grossly blackened, and the areas of
greatest denstty—representing the tumor or its complications—are betfer
P Thetr too, b evident These studies may
show cavities, calafications, atelectases, and densities undiscerntble on the
routing chest x rays  Whenever the opacity of the pulmonary abnormal
1ty 15 great, an overpenetrated film mn the proper obliquity may be of
constderable value

Bucky Studies.—Buchy studies of the chest are also used to great
advantage m cases of large and very opaque shadows mn the lung fields
They can also penetrate and reveal the ntermal charactensties of the
densities  In addition, they may show caletfications withm the pulmo
nary esions somewhat better than the simple overpenetrated §lms, and
m the mediastinum they give good demonstration of the trachea and \h:
man bronelt  Bucky tions are also of yalue m studymg

(232)
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the spme pelvis shull ete n the search for extrapulmonary metastases
T —Body section phy (1€ tomogriphy or lam

obtuned by this device which may be ewsily attached to the t ray tables
m common use The margmal and mternal charactersstics of the paren
chymal densities tre often best visurhized by this method mdeed cavities
or e:laificatton within a pulmon iry shadow may at imes be demonstrated
only by this exxmmation  Co \Iescmg or supenmpased densities on the
routine chest films may m be d for individual evalu
ation  Lateral view tomographs when used conjunction with front1l
studies are of vilue 1a the elucid tion of the complex shidows frequently
seen m cases of pulmonary carcioma

In addition to its value m diagnosing 2 puenchymal tumor body
section roentgenogriphy 1s of great mportance i investigiting the
medustnum for metstases to determine thoir nature and exact location
In fact it 1s a prereq to determune operability 1n cases of proved
pulmonary caremoma

An appiritus his been developed that tikes the sections 1 the
coronal and lateral planes with the patient erect and that takes avial
transverse “cuts which appear Iike cross sectional views on the roent
genogrims  Such views m1y add the advantages of erect radiography
m demonstrating flud Jevels civities and the gravititional effects on
ﬁmd m the chest In additton the anal transverse cuts may aid m

g the I 1 hip of pul y tumors and

perhips may more clewrly portriy mednstiml masses  This method
has not yet been sufficiently tested to permut a defimte opimon of its value

Body section roentgeno, riphy 1s 1lso used in mvestigating extrathoracic
structures for metastases  Spread to the spine and pelvis are common n
caranoma of the Jung and m many mstances tomograms reveil spinal
metastases mvistble or barelv visible on routine roentgenographic studies

Rymography —kymogriphy 15 a radiographic procedure m which mo
tion m1y be demonstrated on tray flm It i of lumted usefulness

the study of pulmonary tumors and 15 employed most often to suppl
the ﬂuaroscoplc studies At tmes lmwever 1t may aid in distmguishing
between mtninsie and tr m a pul y density

whose movements are not clearly yisualized ﬂuoroscopxcal]y It may
30 $now impaired movement of the night hermdiaphragm a sign occl
swonally mdicating subdiphragmatic hepatic metastases with hepato
megaly
Contrast Studies —Contrast matcrial studies are often of vital 1mpor
1

tance i eval casts of susp d or proved pul y

P
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Evidencc of spread of the ncoplism 1s constntly sought by determmnmg
shether there 1s pressure on or m ision of nearby structures  Since
mny of the strictures an the medistinum md Tungs are mustble on the
routme roentgenogrums  they must be opreified for demonstration
Barum swallow studtes of the esophigns may revesl evidence of medu
stinal metastases which can be shown m no other manner  Contrast otl
broncho_raphy 1s 1 commonly employed procedure which often reveals
the nature of bronchial Jesians beyond the range of the bronchoscope
Less well known but employed with mercsing frequency  are pra
cedures which opcify the vems and artcries of the mednistmam and
hung  Much knowledge concerning the nature and estent of 1 neophism
my be obtuned if 1t ¢ he demonstrated that the se vessels are imvohed
In muny nstwces pulmoniry shdaws ar, eventually found to be
metistitic deposits from cxtripulmoniry cancers It 1s then important
to imestigate the grstromtestinal wd the gemtounnry tricts as wall as
the gullbltdder and other structures to ascertan the source of the pul

mon iy density

DLTECTION OF PULMONARY NEOPLASMS

Mmute Tumors ~In ordcr to detect cancer an the e uly stiges o tine
chest v ravs for 1symptomatic mdnidutls hve been made almost une
varsally walible  This undeetihang s ereated 1 new problem for the
riudiologst namedy the detection of small pulmanary neophisms  Under
wdeal conditions 1 nodule 8 mm m druncter may be vistble m 1 routme
Howcver lesions up to 1 em m dwmetes
we frequently mvsible A shght degrec of respiritory motion for
cxumple mw blur ont 4 munute shadow  Of wmportinee lso 1 the
density of the lesion—1 smull enlafic nodule wall stand out mudn“mmg
clewh Azunst the wrogenows pulmonin bickorownd thw 4 ‘soft’
mfiltritive nodule of the syme size - Shuply mugmited nodules 2re more
custly vaswabized thin Jesions whose borders tond to fude graduily mto
the surrounding lung field  Smee much of the pulmomry ared 1s ob
seured by the nibs the fumt dunsity of Yoy small lesions 15 so abseared
by the osseous shdow of aneverhmgnb  kmlly the mmute pulmonry
shadow mw be obseured by djrcent vasculir markings Tlus 15 particy
Tarly true whese there are lesions i the juxtahilir or medistinl 2reas

Even when 2 2 to 3 mm nedule docs appear on the ridiography ts
miture mas still be avcrlooked or not properly nterpreted  Among the
causes of such musses are (1) the short time altoted for study of c{:x‘ch
film (2) fatgue ufecting the reader of the Alm and (3) poor Him

¢ photo

Lty  Stll another cwse for failure is the common wse of

fuorog These wpparttuses yield flms vrymg in size
‘ot Jesions

rutiographic examunition

Auorographic equipment
from 35 Sm (for projection) ta 70 mm to 4 by 5 nches
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discermible on the lirge 14th by 17th nch films are mvisible on the
smaller radiographs

In fact regardless of how aware of the problem the exammer 15 and
regardless of the many precautions he may take 1t 1s certan that he will
overlook or improperly interpret an occtsional nodule representing an
early mapent circmoma  Separate viewmng of the radiographs pref
erably by two competent observers or by the same observer on two
different ocetsions may yreld 4 higher percentage of correct findings

IDENTIFICATION OF PULMONARY NEOPLASMS

Variety of Patterns —The detection of 1n abnormal shadow on the
chest roentgenogram immediately imposes the problem of its 1dentifica
tion  Pulmonary cireinoma oceurs m & varety of forms and may
closely resemble a number of bemgn tumors or non ncoplastic lesions
. . b [

factory 1pproach to 1n 1dequite understanding of the vanous appear
ances of pulmoniry neoplisms

1 Primary site of the tumor (@) root bronchus () Irge to medum
stize branch bronchus (¢) small bronchus (pertpheral) (d) bronchioles

2 Character of the tumor (a) wfiltratne (b) fungating into bronchal
lumen (c) nodular { psendocircumscnbed) (d) cvitary

3 Secondry changes caused by (a) complete bronchnl obstruction
(resulting 1n atel } and plete L hral obstruction (result
g m obstructive emphysema) and (b) mfection (lexding to pneu
monitis lung abscess and pleural effusion}

4 Metastises or extenston of the tumor n {a) the lung (b) the pleura
() the mediastinum and (d) the chest wall

Root or Mam Bronchus Carcmomas —These cincers arise in the bron
chial mucosa between the cartna and the division of the bronchus mnto
the mam lIobar bronclual branches Mot often thev appear as plagues
m the bronchial mucosa which ulcerite and méltrate the peribronchral
structures and enter the lymphatics  The typical roentgenographuc ap
pearance 1s that of a moderately dense shadow located centrally m the
region of the hilus and which gradually fades laterally It 15 assocrated
with hular and medastmal opacities {¢ with regional metastases  The
lateral margyns of the shadow are not sharply circumsenbed (Fig 127)
At this stage the infil pracess has not ob: d the mun bronchus
and there 15 no evidence of atelectasis  Pleural effusion and secondary
wfection of the lung are also abscnt  Metastases to nibs or other bones
may or may not be present As the neoplasm progresses and extends the
entire bronchial wall becomes mvolved and stenosed obstruction occurs




230 Radiolo,r

and massive atelectass of the lung "ppers  This s charactenzed bya
homogeneously dense shadow on one side of the lung field  The picture
may resemble 1 massive pleural effuston except that the opaque half of
the chest 1s smaller than the normal hemithoray, the heart and trachea
we devnted to the mvolved side nd the b sprces are narrowed
Beciuse of the marked opaaity of the involved side, the diaphragm
wsually cannot be visuthzed  1f infection oceurs behind the obstruction

L _!
-t
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1ie 127 —Squimous cell cweinomn of tl e nght man bronel us  Note Hilr densty
with mfiltrating penipheral margins ind absence of wtclecta s

1S
pneumonny bscess and wrregular excivations may oceur - These v:lr:;)lla
complieations should be sought m all cases of massive atelectasts wil
h 2

or (D) excavations within the colltpsed lung field suggesting a parenchy
mal brethdown behind the bronchial obstruction | effuson
Neoplastic extenston to the pleura often results i pleurlm e oo
which may further complicate the x ray picture The stedly accu
Ihting pleural effusion soon compensates for the atelectasis un sofltra
Occasionally the mamn | hus tumor 1s more fungating thin
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tne In such mstances massn e atelectisis may occur early m the course
of the disease before an mfiltrative or hilar mass 1s apparent  Differentin
tion from 1 nonmalignant obstructise lesion such as mtriturmnal bron
clnal 1denoma cnnot then be made

Bronchtal Carcmoma Ansing 1n Large to Medium Size Bronchi—This
type of cancer also tends to be mhltrating but perhaps to 2 lesser degree
than the preceding type It posscsses 1 greater tendency to remam
withmn the bronchil lumen for 1 longer time fornung  fungating grow th
Atelectasis appears comprratively early and myohves erther 1 lobe or a
lasge sublobar segment  Here too a massive density 15 present at the
site of the primary tumor and there occurs 1 rapid mvasion of the
hiar and the medsstinal lymph nodes charicterzed by lhinear densities
evtending medually to the enlarged hilir and medistinal shadows
Progress of the Jesion follows the usual pattern  Lvmphatic dissemmr
tion along the pertbronchil lymphatics to the pleury 1s common result
mg m nodulir densities nd pleurl effusion  The neoplasm my 1lso
grow toward the hilus long the bronchial wall ultsmatelv obstructing
the man bronchus and causing atelectasis of the entire lung

In 1 number of mstances the infiltritive neoplwm does not obstruct
the bronchus but merely extends peripherally throughout the prenchym1
of the entire lobe or segment i which the bronchus wbonzes  Atelectr
s1s 1s then absent and the tumor appews on the flms s 1 moderately
dense patchy mfk of tal distrtbution D from
a pneumonic mfiltration on the bisis of the pulmonary appearnce alone
may then be virtually impossible m which c1se evidence of metastases
to the hilus the medistinum or the bones mav establish the neoplstic
nature of the process Secondary mfection m the lobe distal to the wea
of bronchral 10y ol: t 15 not wnd the appearance of pnen
monitis and excnvations m the myolved lobes may overshadow the neo-
plastie densities grving the erroneous mpression of a primary mfamma
tory pracess rather than a neoplastic lesion

Carcmoma Arsing mn Small Bronch: ~Tlus tvpe of neoplism 1s some
what Jess mfiltratmg than the one described above It tends to be
restricted to one area m so far as the ridiographic appewrtnce 1s con
cerned  Simce it mises 1n 1 smaller bronchus it 15 of necessity located at
the periphery of the lobe neir the pleara and ats typrenl appearance
ridiogewphucally 15 of a rather localized densely opaque area  This
density 15 quite well errcumscribed but 1ts mrgms may be only roughly
delimeated  Smee the mvolved bronchus 15 qurst termunal only fine
short raditimg strands of stre1k atelectasis may be observed and the
visuslized density represents the tumor stself

There 1re three common locations for these peripheral neoplasms

1 Along the latera) margin of the lung ficld where they may be seen
asalocilized lobulr parabolic or tringular density based at the pleura
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become permeated with cancer the wAlls of the bronchi and the blood
vessels become thickened and are scen as streik bke Imear shadows
radiiting outward from the hilir zones  In diffuse lymphangitic carcino
sts these linear densibies fan out mto the lung fields from prominent hil
Adjacent to the rathating Imes are a lirge number of fine nodulir densi
ties which gne the Tung field 1 funt stippled averlyy  These densities
are due to metastahic nodules At numerous pomts along the lymph
chapnels  The Ivmphatic spread not infrequently extends to the pleura
resulting 1n extensive vammng of the pleurd surfiwce with permeated
Iymphatic channels  Locilized nodules 1n the pleurt may ocesionlly
be visurlized on the r1d phs s sciloped thick of the margmal
pleurs  Ultimately pleurnl effusion supcryvenes and obscures the entire
lung field

Lymphatic metastises may 1lso be local dernvng from 1 cireinoma of
alarge bronchus and spre ding along the lmphatics m only the imvolved
segment Conversely 1 metastrsis from 1 penpheral circinoma ma
block the Iymphatics 1nd produce  retrograde extension from the tumor
site along the lymphitics to the nlus  The streakmg and satellite
mottlings are then similr to the generilized tvpe of hmphingitic ewncer
but are seen only 1n 1 locilized arca Regardless of estent the lymphan
gitic hnear densities usuilly extend to the lulwr regions ind imolve the
lymph nodes  Promimenec of the hilr shidows or rctual discrete lvmph
node enlurgements arc thus commonly observed

{2) The hemtogenous type of pulmonn, metastisis 1s charactenzed
by the presence of multiple rounded nodulir dcnsities wrregularly scat
tered throughout the pulmonry pucnchyma without patterned arrange
ment  When there 15 wide dissemm thon the nodules tend to be more
or less of umform size  When onls fcw metistases are present the
densiies may vary considerably 1n size ind rangc from 5 mm to several

2 o e .

tases may excnate and pper ts multiple thin walled cavities Rarely
calafication may be found within the nodules

(3} The combmed tvpe of metastisis occurs m the Iiter stages of the
neophistic dissemination  Esther type mw predominate or both forms
may be equally promment

It 15 tmportant to pomnt out that the above descriptions charactenze
the commonly observed metnstases they do not include the many possible
radiographic varntions

DIFFERENTIAL DIAGNOSIS

The basic features utihized i the duffcrentiation of malignant disease
from bemign or mflammatory diseases are (1) the density of the mass
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and evtending mto the parenchyma for a vanalle distance The neo-
plasm often ivades the adjacent segment of the nb by contiguity
Indeed, the finding of a peripherally located, crcumseribed homoge
neous density with somewhat hazy borders overlyimg a destroyed nib
35 strongly suggestive of this neoplasm

2 At the apex of the lung (so called superior pulmonary sulcus tumor)
In this cancer the pul y apes 1s | s ly opreified  There
often occurs mvasion and destruction of the upper ribs, the transverse
processes, and the lateral aspects of the bodies of the adjacent thorace
vertebrae

3 Along the medial aspect of the upper Jung field adjacent to the
supenor mednistinum, either antcnorly or postenorly  Here, the film
reveals an irregular widening of the medsastinum, either to the nght
or to the left The pulmonary margm of the widened mediistmum 15
uregular, hazy, and tends to merge with the adjacent parenchyma
The broadening of the mediastmum extends down to the homolteral
hulus, which may show distinct lymph node enlargement  The apparent
widening and blurring of the border of the medistium 15 due to the
ncoplastic mvolvement of the margmal Jung, with mvasion of the adj
cent medwstinal pleura and fusion with the medtastmum  Spread to the
hilus occurs here as well as m the other forms, and enlargement of the
hilar nodes 1s common

Terminal Bronchiolar Carcinoma.—This tumor has been widely known
as “alveolar-cell cancer” At present, the term “terminal broncholr
carcinoma” has been adopted  Detmls concermng this type of cancer
are outhned 1n Chapter 1

Radiologically, the neoplasm, when first observed, reveals homogene
ously dense and irregularly shaped nodulations, the extent of which
depends on the phase of the disease In the early phises there myy be
but a few, but n the more advanced phases the nodulations are multple
and almost evenly distributed throughout one or both lungs At still
later stages, the isolated nodules coalesce formmg a uniformly dense
mass  The flm may also reveal a combinttion of a masstve grow th asso-
cated with the angular nodulations mentoned above A smmilar P‘m“"i
may also be provided by a cancer which, havmg ansen in an nbdomn;:{
viscus, has metastasized to the lungs (See Chrpter 1 ) Chimoans a
radwlogssts should be aware of this possibility

METASTATIC NEOPLASMS IN THE LUNGS
These oceur commonly mm several forms (1) lymphangitic,

togenous, (3) combmed
D(l) The lymphangtic metastases usually i olve the lymphaties ;]n :1)::
bronchial walls and about the pulmonary vessels —As the lympha

{2) hema-
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become permeated with cancer the walls of the bronchi and the blood
vessels become thickened and are seen s streak like lmeiwr shadows
radiating outw 1rd from the hilu zones  In diffuse lymphangitic carcino
sts these inear densities f1n out mto the lung felds from promment hili
Adjacent to the ridinting lines are 2 Inrge number of fine nodular densi
ties which give the lung field 1 famt stippled overlay  These densitics
re due to metastatic nodules at numerous pomts ong the lymph
channels  The lymphatic spre1d not infrequently extends to the pleara
resulting n extensne vemung of the pleurd surficc with permeited
Iymphatic chinnels  Localized nodules 1 the pleury myy occasionlly
be visulized on the ridiographs s scilloped thickemngs of the marginal
plewra Ultmately pleural effusion supervencs and obscures the entire
fung feld

Lymphatic metastises mav also be local derving from a earcinoma of
alarge bronchus wd spreading, tong the lymph1tics i only the mvolved
segment  Comversely 1 metustasis from 2 penpheril carcmoma may
block the lymphaties and produce 1 retrograde extension from the tumor
site along the lymphitics to the hilus  The streihing wd sitellie
mottlings arc then similr to the generilized ty pe of hmphangitic cancer
but 1re seen only m 1 localized trex  Regrrdless of extent the lymphin
gitic Imear densities usunlly extend to the hilir regrons and nvolve the
Iymph nodes  Prommence of the hilir shadows or actual discrete lymph
node enlargements ire thus commonly observed

(2) The hematogenous type of pulmoniny metastisis 1s charactenzed
by the presence of multiple rounded nodulwr densitics nregulirh seat
tered throughout the pulmon wry parenchyma without patterned arrange
ment  Vhen there 15 wide disscmmtion thic nodules tend to be mare
or less of uniform size  When onlv few metastascs are present the
a ' oo

size than carcmomtous deposts  Infrequently the nodulwr metas
tases may excivate ind appeir as multiple thin willed cavities Rarely
calaification mas be found within the nodules

{3) The combined type of metastasis occurs m the liter stages of the
neoplastic dissemmation  Fither type m1v predommate or both forms
may be equally promment

1t 15 mmportant to pomt out that the above descriptions charactenze
the commonly observed metastases they do not include the many possible
radiographic v arations

DIFFERENTIAL DIAGNOSIS

The basic features utiized m the d flerentntion of malenant disese
from bemgn or mfammatory disetses are (1) the density of the mass
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(2) the marguns of the mass, and (3) local mvasnveness and metastases

Radiographic evidence of a circumsenbed density, as differentiated
from patchy, d opaque 1nfl; y mfiltrations, my be seen
on the routme flms  On the other hand, the mass (1¢, the neoplism)
may be partially concealed within areas of secondary infection and
require special studies, such as Bucky or tomographtc exammitions  In
general, the bemgn and malignwnt primary tumors are single masses,
while the mflammatory lesions are multiple, pitchy, less dense, and less

Fic 128 —Irregular patchy mfltration of the night muddle fobe n the region
of the cardiophreme angle

T-du

discrete o
tions whie n

ons ¥ it

suggested, even if the mass Is STHALL Al IS Ml o - © dsemer
delineated, definite differentiation between bemgn and malignant dzst o
cannot be made, sice a small parenchymal carcmoma often shows w !
defined borders for considerable periods of time Howeverl, asds;’ess
carcmomas grow larger, thewr margms become more IObUL“E(t})n:mOO(h
sharply defined Large, single, round pulmonary densities }:vn P
borders are often bemgn tumors or cysts, pamcululv if they et
or near the medrastimum It 15 thus clear that location, size, shape, de d
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and margns of solitary parenchymal lesions play a role m distinguwishung
among them Each of these attributes must therefore be demonstrated
radiographteally

Endobronchial obstruction itself 1s of no great value m differential
diagnosis  Like carcinomas, bemgn tumors and inflammatory processes
are capable of causing partial or complete obstruction  In the majonty
of cases with extensive atelectasis, the leston miy be seen broncho-
scopieally and a biopsy taken  However, the site of closure 1s frequently

Fic 129 —Bronchography showing uregularity, narrowing and fott of obstruction
P o branches of tho rght middie lobe

peripheral and hence cannot be visualized through the bronchoscope  In

such mstances, tomography and bronchography may furmsh valuable

i\.ndence Inflammtory occlusions often mvolve numerous branch
—t ot v x RN N N -

A shup cut off 15 observed, at winch point the contrict materal may
16
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demonstrate the smooth, convex surface of the adenoma as it bulges mto
the fumen and occludes 1t On the other hand, obstruction by a carer
noma tends to be locally mregular and comstricting, since the tumor m-
volves the entire circumference of the wall  The bronchial lumen my be
somewhat narrowed for a short distance proximal to the zone of complete
closure  Occastonally a fungatmg intralummal caremomt my gne an
appearance sumilar to that of an adenoma

Serial examinations, when available, are often helpful 1n the differen
tial diagnosts of neoplastic and nflammntory diseases  The rapid reges
sion which mflammatory lesions frequentfy undergo 1s usualfy sufficrently

"

istic to blish the non neopl character of the process
However, rapid progresston of the wfiltration 1s much less helpful, since
the nfl i s of neopl alse muy progress quickh

The prcsenceyof cn]lc:um m a sohtary pulmonary density 1s of consid
erable diagnostic significance When present, it usnally establishes the
diagnosis of an mfectious process (tuberculoma, hustoplasmasts, and so
forth) or a benign tumor (hamartoma). Prmary caremoma of the lung
prabably never conta hograplucally vistble calerfl Tomogra
phy 1s usually the best procedure for the detection of calefication 12
tomogram cannot be made, Bucky studies may be used with good results

Cawity formation withm the mfiltration is of much less diagnostic sig
nificance  Marked wregulanty and undulation of the cavitary walls
sugigest a malignant neoplasm, but such cnterr should be accepted with

reservation

The most convincing evidence m the differentiation between mfamme
tory, bemgn, and malignant disease js the demonstration of metastises
When found, they establish the nature of the process, and mn addtion
pieclude a radical mtervention  The search for metastases 15 mandatory
m all cases of malignant disease

BADIOGRAPHIC DETERMINATION OF OPERABILITY

The entena for operability of pulmonary cancer are gnen so!l\';e
detal by Drs Burford and Ferguson (see Chapter 11) Gener:' ,.)
pulmanary cancers my be classified mto (1) ble, (2) of
and (3) doubtfully operable .

The radrographic methods utilzed 1n demonstrating skeletal metasms;e,
the mvolvement of the chest wall, or the opposite lung usually are t
routine Bucky and chest films employed m general radiologe practice

e Medi ~The med; which 15 mhaded mzs[tt fr;
wently by pulmonary carcinoma and whose status 1s of vital importan
1‘}1 estaﬁhs{ngxg opemg:]xt), 15 usually far less well explored than the Xur:)%‘-

primanly because the entie region xs of homogencous water de);s)tyﬂ
the chest roentgenograms  The poorly delmeated tracheal radiolucency
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and the supenimposed ncreased densits of the thoracic spine further
obscure the medinstinal structures  As a result evidence of mediastinal
1nvasion on the frontal view 1s restricted to lateral and oblique views to
the presence of densities 1n the hilar and mediistinal regions A number
of tests are required to study the varous portions of the mediastinum
wlich may be mvolved by metastisis

Radiographe myestigation of the mednstmum to determine operability
in ¢ases of pulmonary cremoma includes the followmg procedures

1 Fluoroscopy of the chest and laryny

2 Routine front1l lateral and oblique views

3 Buchky studies of the thori and the chest

4 Tluoroscopre and radiographie examin tions of the barium oprcified
esophagus

5 Body section radiwography of the chest

6 Thoracie angrography and wgiocwrdiography (@) by mjection of
the arm vem to visuthze the mnommate veins the superior vena cava
and the pulmonarv artery and ats nght nd left intramediistinal branches
and (b} by mjection mto the medullry cavity of 1 iib in order to visual
1ze the Azygous venous system on the nght side and the hemiizygous
‘enous system on the left side

Fluoroscopy —In the detection of medistinil metastasis fuoroscopy
of the chest 1s used to find diphragmatic paralvsts  If both ditphragms
move poorly durmg forced respiration good motion on the normal side
m1y be obtuned by havmng the patient smiff or cough  Paralvsis of 2
hemxduphmgm mdicates phrenic nerve destruction and mvasion of the
middle mediastmum  Duning the fluoroscopy too lateral local hulging
of the medistinum 15 Jocked for  However the latter 1s better demon
strated on the films  Durmg the fluorostopy alo the Tarynx 1s visuthized
1s the pattent phonates the letter “e Fluoroscopy of the lanyny 1
prtecularly warrnted for patients with complunts of recent hoarseness

Routine frontal Iateral and oblique views are of course 1 bastc
necessity n the study

Bucky Studies ~Buchv studies of the thorax and chest are cmplayd to
obtain information concernung the dorsil spine nd the medil aspects of
the nbs  Evidence of mvasion or destruction of these bones estblishes
at once the status of moperability These studies also demonstrate the
trachen and th¢ main bronchi better than the routme roentgenogrims
bu; not as well as body secﬁun roentgenography

pic and pl of the binum opacified
1 1

are essentials of studv  The thoracic esophagus
mats descent Ires mtimately assocated with the postenior aspects of the
aortic arch the trachea the interbronclual area Just below the tracheal
bifurcation and the left auncle The interbronchul zone 1s situated near
both halar regons and 15 one of the most common sites of lymph node
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metastases  The adjacent oprafied esophagus 1s thus an excellent ind;

cor of metstasis to thys regwon  Lymph niode enlargements ar act 1
mednstina]

my simply ’
mvade s w e g uter being shown by mucosal pattern changes or
fistulous tract formation  The width of the spice between the traches
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Fic 130 —Carctnoma of the lung with extensive metastases an o
¢ lymph nodes 1n tl e mterbronel tal arca causing local narrowing and displaceme
of esophageal segment

!
wnd the bartum filled esophagus 15 lso routmely noted since paratﬁachj‘a
nodal enlargements may cwse Jocal widening  The finding of wa fmme
ston or fistulous tract formtion ndicates an m;perable status of

trinsic p
ulmonary carcmoma Swmple displ and ex :
Ef the es:));)hagus by adjicent nodes are not of themselves mdlcat:;:s' )fe
moperability - Such nodes m1y be surgically resoctable even ](houghr "
final prognosis be exceedingly poor In an occasionnl case the e:am%c
ment of the lymph nodes 1s mflammatory rather than neoplastic m
and metastasts actually may be absent
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Tomography —Body section roentgenography 15 a necessary feature of
the mediastmal survey Specul films at two to two 1nd one half times
the exposure employed for routine chest tomography are made -t the §
9 and 10-cm levels to visualize the mediastmum  These films give a
clear demonstration of the arr filled radiolucent trachea ind mam bronchu
i this region  Enlarg of the p heal tracheobronchnl and

s

Fic 131 —S juamous-cell carctnoma  Body section roentgenogram demonstrating
complete obstruction of the left main bronchus with n the mediastinum Jess than £
et from the carina

interbronchial Iymph nodes can be demonstrated by pressure and mden
tations thereon” With estensive interbronchral deposits the interbron
chial angle becomes widened Agam although smple pressure or
narrowmng does not mdicate absolute moperability imvasion of the
wall and extension of the tumor into the lumen of the trachea or main
bronchi does  The site of involvement must be carefully evaluited
order to be certain that it 1s mdeed within the medrastinum  The entire
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metastases  The adjrcent opreified esophagus 1s thus an excellent indi

cator of metastasis to this remon  Lympoh node enlarmomants - 1
. -

~ ’
v el lue ditter being shown by mucosal pattern changes or
fistulous tract formation The width of the space between the trachea

f
tases and enlargement of
Fic 130 —Careinom of the lung with extensie metast e
the lymph nodes n the terbronchial arca. causing local narrowing and displaceme
of esop{'lgcal segment

and the birium filled esaphagus 15 also routinely noted, smee pqrat;'laxc:v’:\l
nodal enlargements may canse local widening  The finding of wal o
sion or fistulous tract formation ndicates an moperable status ossm“
pulmonary carcinoma Smple displcement and extnnsic ct;ng:;{s o
of the esophagus by adjacent nodes are not of themselves mt }:uu o e
noperability  Such nodes may be surgically resectable event b enghrgr
final prognosis be exceedingly poor  In an occastonal ca;e;m o ol
ment of the lymph nodes 1s mflammatory rather than neopla

and metastasis actually may be absent
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T hy ~Body-sect: hy 1> a necessary feature of
the mediastinal survey Special films at two to two and one half tmes
the exposure employed for routine chest tomography are made at the 8
9 and 10 em levels to visualize the mediastioum  These films gve a
clear demonstration of the air filled mdxolucent tnchc'! 'md main bronch
m this region  Enlarg of the tracheobronchnil, and

Fic 131 —Squwmous cell caremoma  Body section roentgenogram demonstrating
mm lete obstruction of the left mam bronchus withm the medastinum less than 2
rom the carina

mterbronchial Iy mph nodes can be demonstrated by pressure and inden
tations thereon  With extensive mterbronchial deposits the 1nterbron
chaf angle becomes widened Agam although simple pressure or
narrowing does not indicate absolute moperability, ivasion of the
wall and extension of the tumor into the lumen of the trachen or man
bronchi does  The site of mvolvement must be carefully evaluated 1n
order to be certamn that 1t 15 indeed within the medmstinum  The entire
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trachen lies within the mediastinum but only the proumal 15 to 2 em
of the mun bronchi re mtrameduastimal (Fig 131) Pressure on, or
s 1sion of the mun bronch distal to this Jocation oceurs m the hilus
outside the meditstinum and does not represent 1 categorically mop
erible status

Body section roentgenogriphy s also of great ud i demonstrating
direct extension into the mediastinum i cases of juxtihilar medial or
pirmmeditstinil prenchymal tumors  In such mstances the neophstic

¥

"
K

£ tl e omednn
Fie 132—Body scction roentgenogram sl owing contigt omh:mnu:rll :l A
stinum from a sq ranion s cell caremom1 of the night 1 pp

oprcity is seen to extend from the lung field mto the med: ;stmlumlh':zl
to fuse to form ane homogeneous density encompassing the loca xpl(Fw
nry and mediastinal shadows on the proper tomoqnplui 1)0;3""1“:
132} Thus finding has 1lways mdicated extensive invsion of ::m O
inum by contigwity It hs therefore become one of the m«;s““mi o
agns of moperibility i cases of mednl pulmonary cdu“ e amor
nalyzmg the tomograms it 1s essentinl to be certun th e
xtends into the mednisinum  Chses of upper lobe m'ISSIt\i;‘l B,
dso show paramediastinal opacity on the tomcgr'\m_sn bum‘:l ﬁnpdm"s
epresents 1 collapsed lung and not the neoplism  The v e g
f massive atelectasts assist in the differentiation of the two cond
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A 1 1 1 1

—Thoracie graphy and phy has be-
come a necessary and almost routine component of the mediastimal study
It 15 performed by the rapid injection of 50 ml of one of the 10dmated
contrast materals into the antecubutal vern on the side of the neoplasm
Pictures 1re taken at 1second mtervals for about 20 seconds with a
senalographic change device  Primary interest concerns the major vessels
of the mediastinum rather than the heart These vessels compnse the
nominate vein the supenor vent cav1 and the pulmonary artery and its
branches withm the medrastimum It 15 desirible to visualize all'of these

b . .

Fic 133 ~\fed astmal invasion from 4 sq amous cell caranoma in 1 e nglt upper
lobe Tl oracie angiogram showing narrowins, parts | ob tructon and mottied mtr1
" ral deficcts 1n o segment of the supes tyenz ca 1 Note sat sfactory filhg of the
vessel on it] er side of the nirrowed sechion  There 1s 2 marhed collateralizat on

vessels  They hie mn different party of the mediistinum and the vanous
areas m1y thereby be explored for metastises  The opacfied vessels
may show simple displicement o1 smootl nwrowing with semilunar
ndentations due to extrnsic pressure from adjacent enlarged nodes
Such nodes are theoretieallv resectable nd these findings do not inds
cate categoriclly moperibility  Complete obstruction of 1 vessel on the
other hand has always been found associated with moperable metastases
to the meduastinum and 1s presently dered as indieating a d
moperable cancer  If the obstruction 1s venous extensive collateral crren
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lation 15 always observed Obstructions of the pulmonary artery or its
nght and left branches within the mediastinum are 1ot accompanzed
by a collateral errculation  Only abrupt cessation of filhng 15 observed
at the occlusion site withm the meduastmum  whereas the temammg
vessels Bl normally The remuning type of postive finding 15 the
appearance of 1 segment of wn opaaified vessel with normal filling of the
vessel on each side of the involved segment Some narrowing of the
abnormal section 1s usually present as well This appeirance has been
found almost exclusively in the vems (Fig 133) It 1s due to mvision

Fic 134 —Visuilization of the azygos vem system by mjechon of the ven
(Normal azygogram

ds

of the wall of the vem from the adjacent mediastmum and always mdz
cates an moperable lesion
Fused 1 of the medastmum may be shown

by P

the azygos

by demonstrating displacement alteration or obstruction m
: s hiz tion of the azygos

or hemazygos vemns which he 1n this region  Visual

vem on (hignght side or the hemiazygos vem un the left side 15 ofb(t::icg
by placing a narrow aspiration needle mnto the cancellous centert (;m e
the lower nbs postertorly Ten to 15 ml of 1odmated con}t)ras -
15 mjected as rapidly as possible and a £lm 15 made just at the co!
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of the injection  About 5 to 10 scconds are required for injection at the
end of which peniod much of the contrast materal has left the cancellous
sprce, has opacified the intercostal semns and entered and outhned the
azygos vem up to the superior vena cave (Fig 134)  In cases of obstruc
tion the opacification of the azy gos ceases abruptly well below the level

— e

Y

Fic 135 —Invasion of the medstinum from crcmomn of the esophagus  Tlere
is destruction of the azygos and hemutzygos velns  Note the downward flow of the
contrast material into the ascendmng ! unbar vetns

of the supertor vena cava and there 1s a retrograde flow of contrast
mitental down the azygos vemn into the ascending lumbar vein and mto
the inferior vena cava (Fig 131) Other collateral channels lead to the
superfictal veins of the thortx the costoavillary and lateral thoracie vems
thence to the aullary vems and finully mto the supenor veni ¢ma
Obstruction of the azygos vemn makes the cancer mnoperable



Chapter 10

Pulmonary Function®
Rocer H L. Wiwsov, M D, anp Sexntour M Fareer M D

Tie pulmonary phystologist 1s wnother speciilist who cin contnbute
to the management of patients with tumors mvolving the lungs  Hi
function 1s to help mterpret and correlate the lterations m cardiopulme
niary function based on pathologictl changes cased by tumor m
the lung

In neoplastic diserse the problem of spred or recurrence becomes the
focus of attention  Neoplisms mvolung the lungs may produce major
effects upon pulmonary function which 1 turn cn crse discomfort
and disability to the pitient and eventually may be the chuef factor m
death 1t 15 essentin] moreover, to consider the adequicy of pulme-
nary function n deciding on certun modahtiest of therwpy, cg pnet

In many cases it 1s necessary o consider

monectomy versus lobectomy
ction but also

not only the tumor tself and its effects upon lung fun
the fict that many patients f1ll mto an age group mn which obstructive
emphysema 1s common  In this group of patients the effects of the
tumor may be even more serious thin m patients with relatrvely
norml lung function  In patients with 1 pulmonasy neoplism therefore
¢valuation of the functional state 15 required i addition to the wsual
ingnostic work up proof of tumor nd judgment of operability

GENERAL PRINCIPLES OF PULMONARY TUNCTION

oons blown up by tmospherc pressure
to occupy a space mn the thorax  They wre ventilted by rhythmue altert
tions of the thoracic volume and are perfused by the output of the ght
heart A delicate membrane (Beischer) separites the cpillary from the
alveolus allowng relately free transport of oxygen and carbon dioude
between avleolar gis and capillary blood Under normal circumstances

The lungs are 1 system of ball

. Unnersty
of ¢ Natonal
Institutes of Health US rubuc uiedu o

the effect of

$In tumor the effect of therapy on function may requite study eg
radiation en lung function

(250)
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ventilation will ncretse to 1ccommodate almost wny bodily need  Like
wise the distensibility of the normal pulmonary vascular bed permits a
considerable nse in cardiac output wathout development of pulmonary
hypestension  Impaurment of elastic recoil of bronchial patency of
anatomieal vascular bed and finally mmpaired nb cage or dmphragm
movement may produce profound al m the effi of this
system  To understind the effects of disease upon pulmonary function
it 15 best to consider some of the factors separately

Ventilatton —The normal person 1t rest breathes approumately 3 to
5 liters per minute per square meter of body surface This vanes with age
nd sex The resting level may mcrease fortvfold for short penods of ime
For this nise to occur normil pulmonary recoil patent bronchi a thin
pleura and 2 normally functioning chest wall and diaphragm must be
present  These purely mechtnteal factors muy be serously disturbed
the presence of disease

One of the most common disturbinces 1s that of the bronchil patency
The bronch: are lo-elastic sty b hagly narraw
at their final ramuficitions A significant fictor i the maintenance of
bronchii] lumen 15 the elusticity of the structures around them  Locil
1zed obstructi e emphysema seen with certamn tumors nd forergn bodies
oceurs when the tumor is of such a size that the bronchus is blocked
n evpiration only  Generihized obstructive emphysema may occur if
the clasticity of the mterbronchitl tissue is destroved  This phenomenon
gives rise to a serous mechanical defect in sentthtion  In this situation
0 overinflation of the lung may occur  Narrowing of large ewtdigmous
broneht sull imparr hoth mspieition and expirition  Since only the
membrnous posterior wall of the triche1 and the intercartilyginous por
tions of bronchi 1re affected by the pressure grihient the effect will be
not so much to produce emphysema as to slow the flow of arr producing
1 mechantcal resistince to both phases of ventiation

The mechmenl disturbance i ewrly plevral effusion s 1 result of
relaving of the lung later pleur3) thickeming 1cts by stiffening the mecha
msm of the lung

The prescnce of diaphragmatie prralysis destroys the ability of the
thorax to enlarge fully n msprriton since movement of the paralytic
duaphragm 1s m the directron opposite to that of the normal diaphragm

However ventilation cinnot be considered purely as volume per minute
or per breath  Alueofar ventilation must be considered since 1t 1s that
part of 1 breath 1ctually used i gas exchange  The useful volume of a
breath 15 the difference betw cen the total volume of gas 1nd that making
up the respiratory dead space (Bohr)} Tlus consists both of a relttively
fived anatomic volume of the trachea and broncht 1d 1n additional entity
(called the senes derd space) The latter 1s defined as arews of lung
ventilated but not perfused  Inadequate ventilation of perfused alveolt
may also evist and tecounts for much of the rterial anowt in cmphysema
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patients and those with lung tumor. Inadequate alieolar ventilatin
may result from any Ity of Jung hyme, and par-
ticularly from bronchial obstruction

Ventilation 15 prmanly under control of the respuatory center mn the
medalla, the cells of which are sensitive to change of carbon dioude
tension and pH  The solubility and rapid diffusion of CO; 15 such that
alveolar CO_ tension 1 usually xiot more than 3 mm Hg below the artenal
level and hence, for practcal purposes, 15 accepted as equal to 1t The
CO. tension in the capillanies of the medulla has not been measured, yet
1t 15 such that the normal arterial and ahcolar CO, tenstans ate held at
approumately 40 mm of mercury  This may be modified by alteration
of blood flow within the medulla, as 1 arteroscleross of the hasilr
and posteromfertor cerebellar arteries and ther branches, producmng
hyperprea and fall of artersil CO, tension  Increased medullsry blood
flow wall alter the arterral CO; tension in the opposite direction and
produce an apparent change m the baseline seasitissty of the center
However, the respiratory center may 1 fact alter the baselne sensitmty

There are chemoreceptors in the great vessels sepsine to Jowered
artenial oxy gen tension, thus, hypova will produce shmulthon of respira
tion mdependently of the CO_-sensitiv e medullary center  These chemo-
1eceptors constitute a secondwy mechausm  They are operatve only
under circumstances such as alttude adaptation, estreme effort m the
normal state, and climeally m the presence of severe hypows, espectally
if the center 1s depressed ~ Such faJure 15 seen most charactenstically su
the accumulation of ecarbon diovide with hypowa associted with emphy-
sem1, and 1n anesthesa and allied states Reflex mechamsms m the
Tungs and chest wall, such as the Hermg Bretter and mtercostal reﬂgei
also control the depth of ventiliion The precise 1nteraction of medu!
lary blood flaw, hypowa, and refle factors 1s stili obscure "

Perfusion~Much of what has been sud about ventiltion 15 true Z
perfusion The normal output at rest of the nght hewt ranges Iroﬂ‘lﬂe
to 5 iters per mmute  An increase to about 3 times this value 1 P“’é;:md
if needed Swnce oxygen 1s not fully extracted from capillary "
when the body 1s at rest, the potenttal oxygen supply to the hssuee‘y
far greater than necesswy The pulmonary arterial bed 15 evirem

d derab) of volume fow

capeious and can wcted, @ mse of
without a mse of pressure If the arter] bed s restricted, A

Imonary artery pressure will oceur when an jncrease i cardric outp
pu 1y aney P hypertenston deielops
15 required  With further restriction, pulmonisy hype e ot of
at rest with hypertrophy of the night ventricle  Lventually the IP o
the heart can be mamtamed only at such hugh putmontzy axtent all car
sure that the nght ventricle will fi:ll) Reftricn‘on of flow mav

bohc disease, pul
through a varety of h g o d
momgy artenial sclerosis, the closing off of the vascular hed asso
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wth falure of ventilation of 2lveol: (Berggren) as a result of precapillary
anatomosis with an enlarged bronchnl circulation and lastly with alve
olar destruction
As with ventilation perfusion cannot be considered only m terms of
restriction of total output Deviation of blood through unventilited
areas or other channels by which venous blood (1¢ blood which passes
through the lung unchanged) becomes admixed with arterril must also
be evaluated In normal lungs such deviation 1s not extensive but i
the presence of pulmonary fibrosts emphysema and certun other con
ditions 1t becomes promunent Then the effectiveness of an already
restricted cardine output becomes further lessened by an increase i the
percentage of venous admxture
A brief note miy be added concerning the bronchmal ctrculiion
The bronchial venous eirculition normally drains directly nto pulmo
nary vems  Under certain conditions particulrly associated with inflam
matory disease and 1 some neoplistic disense the bronchial artery
forms 2 precapillary and derable 1mounts
of already artenalized blood pass through the pulmoniry capillines
{Liebow) Tlus increases the pressure n the pulmoniry artenal bed
nd results in dimmution of the pulmonary artery flow  Also this rear
culation produces 4 dispantv m the output of the two sides of the heart
and mav mve rise to mereased work for the left ventricle This fow is
somewhat dufficult to study physiologically although work of climeal
mportince has been done by Bing and Nakamura
e Memb Comp ~The of a thin membrane be
tween the pulmonary capillary and the alveolus has been shown by
Beischer  Normally this membrane 1s thin enough to present hitle
bumer if any to the diffuston of gases across 1t and particularly to carbon
diouide  Oxygen on the other hand 1s considerably less diffusible and
any thick g of the pul y alveolar b will lead to some
decrease of oy gen tension  pulmonary eapillary blood without altermg
significantly the diffusion of CO  Such a condition 15 referred to as
alveoltr capilliry block (Austrian) It occurs much less commonly than
disturbances of g1s exchange due to bronchul destruction and emphy
sema It may be one of the major causes of dysfunction m beryllum
granulom~, of the lung, sarcordosts or 1 lymphatie spread of earemomt
Conclusions ~Pulmonary disability essentually 15 a combination of fac
torsTn studying the effects of any disease process on pulmonary function
no single fcet should be taken exclusively It 15 necessary to have some
knowledge of both effective alveolar sentidation and gas exchange The
P ilmonnry vascular bed may be nugmented or restricted Most commonly
115 restricted 1n disease 1 which case as a comverse of the ventilation
problem the perfuston of unventilated alveol 1s 1mportnt  The mem
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brane component emphasizes the distmction between carbon dioude
ehmination and oxygen consumption,

These factors must be considered not only with the patient at rest but
also with the pattent at some activity, sice an mcrease of ventilation
and perfusion may be necessary to support the latter,  Also, there may be
an ncreased effort in breathing, which may augment oygen need and
CO:; production considerably (Bader) From an understanding of these
factors one may plan therapy for both the ncoplistic disease and the
assocrited pulmonary dysfunction, through which the discomfort of short
ness of breath may be maternlly alleviated

THE EFFECTS OF THE TUMOR IN RELATION TO SITE

The site of the tumor and 1ts size will be of major importance m de
termiming 1ts effect on pulmenary function

Intrabronchial Tumors —The monty of intrabronchnl tumors pro
duce therr first effect by causmg bronclunl obstruction  Larly, the ob
struction may cause at least transiently locahized emphysemt distal to
the obstruction, later, atelectasis and mnfection of the area will oecur
When the tumor 1s 1 a maimn lobar bronchus, sentilation will cease and
perfusion will be much reduced  Obstruction to a whole lung will gne
rise to great disabihty, particularly if there is preevisting emphysema,
which 1s common m patients with bronchiogenic carcinoma Patients
with a considerable degree of obstruchion due to tumor may not be
particularly hy pouc hecause of the shunting of blood from the side of the
tumor to the “norml” lung Carbon dioude retention 1s Iikely to be re
markable only m a patient w1th coevsting emphysema When the atc]ec;l
sis 15 present for an evtended time, some overdistension of the rest of the
lung may occur  This may matenally dminish pulmonary function fmn:
the pomt of view of the unaffected are1, since overdistension can aggry
vate the mpared mechanical functron of an alrendy emphyscmatous
lung -
Tt h1s been observed that very many patients with bronchiogenic ca
noma complam of ncreasing dyspnea After resection the dyspned ma).
be reheved For this reason, when dyspnea and tachypnet duspropor
tionate to the other findings occur, the cuse 1s generally an evterfas:l‘;:
obstructive lesion, composed of tumor w 1th infection and collipse o
Pulmor:ary p‘afe‘nchvma chistal t? 1t Lol and Leal tumor masees

N T c Tus 1s seen m those
tend to 1mpnge upon tracheobronchial ptency Tuf lﬂ o clops,
primary bronchiogemc tumors mn which an "ice bcrg] e fecom e ot
with a large mass of tumor impingimg on a major bronchus fre e s
side It also occurs m mediastinal Iymphﬂdcnopathy and lrge ol
“The effects are more obvious mn infiltrative tumors sucl

tnal tumors
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carcinom? and teratoma than m bemign tumors lymphomas and der
motds because of fivatton as well s narrowing of the air passiges  Such
mmpingement causes some degrec of studor which although difficult
to appreciate chmelly may readily be seen on appropriate study The
impedance occurs m nspirition as well as expiration and mramal ventil
ation my be markedly dimimished  \orcover the vers position of these
prrabronchral tumors may obstruet the blood supply from the pulmonary
artery  Pulmoniry ven drumage and the venous dramige from the
upper part of the body also may be mmpared  Added to the ncreased
work of breathing due to narrowing of mjor arr pissiges there then
may be a tendency towwd flud 1ccumulation m the lung which will
stiffen it render ventilation uneven and gne nise to alveohir capillary
block  Thus disabahitv from paribronchitl tumors may be more exten
sive than 1s commonly realized

Peripheral Solid Lesions —These may be primary or metastiic By
definition they are those tumors not producing 2 recogmzable bronchial
obstruction  Physiologieallv their effects e commonly not very great
In hemangiom of the Jung consderable venous admuture—suficient

Dissemunated Tumors —It 1s m lymphingitis carcinomtosa that per
haps the greatest degree of pulmonarv insuffiereney 1s found  In this con
dition 1 number of factors are present  The lesions are widely disserm
nated throughout the lung involving 1s a rule not only the penibron
chial structures but the membrwnes as well - The development of lymph
angitis circnomtosa was observed m a pitent with presously dignosed
pulmonary emphysem who was formerly serously acidotic and quite
hypovie “The hypowin deepened nd the respiratory acidosis became
ameborated due to alveolar capullary block  The degree of cor
pulmonale markedly increased due to tumor obstruction of pulmonary
crculation  In such pitents alveolar ventilition decreased perfusion
and mncreased venous admixture 2s well 1s diffusion difficulty are involsed
m producing 1 rapidly increasmg disiility which termates cardio
pulmonary fulure In multiple hematogenous metistatic disewse the
disability s much less severe as a rule the mun effects bemg an alveolar
loss and incrensed stiffness of the lung By study of these factors some
differentiation may be made between the two conditions

Pleural Lesions —Both 1n mesothelioma of the pleura and 1n the spread
of malignant neoplasms beyond the pleural barner pleural effusion with
rapid fibrin deposition 15 common  Some pulmonary deflation will oceur
being uneven and most marked m the subpleural zone The lung will
be reltnnely fieed  As a result 2 considerable loss of useful alveol: and
unevenness of ventilition occurs  The vasculir disturbince 1s secondary
to the ventilatory and will not m itself be sufficient to reduce the pulmo
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nary capillary bed to the extent of producng pulmonars hvpertension
Usually hypowa ssnot very marked These lesions mas therefore produce
defimte physiological effects clmeally maniested, as 2 rule only by
maderate dyspnea with exercise

Miscellancous Effects ~Interruption of the phremc nenve 15 not wn
common 1n [ate neaplasia and produces an ncreased disabihty  This s
most common m posterior peripheral tumors of the lung postenor medus
tinal tumors and metastases  teratoma and in the supenor suleus tumor
The problem is one of sentilatory loss  The driphragm becomes para
lyzed and may be very difficult to stabilize snce the use of preumo
perttoneum will merely cause it to nise and thus further reduce the lung
volume on that side

The loss of the left recurrent laryngeal nerve seen in cincer of the
lcSt Tung 1s of indirect physiologreal importance since the mechanism of
cough may be markedly impeded  As a result secretions accumulate on
both sides causing further alveolrw obliteration

SPECIAL FACTORS IN RELATION TO THE TYPE OF TUMOR

Vaseular Problems —The vascular pattern may be of some ymportance
w diff ating primary bronch from tumors
blood supply of primary bronchual tumors 1s usunlly by the bronchul
artery which becomes hy pertroplued proportiontely to the vascular sup
ply of the tumor Normally the bronchial artery dramrge 1s through
the pulmonary vem system and back to the left heart  The ‘bronchal
vum system druns into the systemic venous return to the nght heart
The direction of the venous return from the tumor depends i part
on the condition of the bronchil tree and 15 not necessanly uniform
In very Iughly vasculr tumors the amount of blood Bowing through
the bronchil rtery system mto the tamor 1s apparently sigmficant 1
reltion to the eardre output .

In metastatic tumors on the other hnd the artenal supply 1 mmmon?
fram the pulmonary artery In lighly vascular tumors the amount o
shunting 0 the pulmontry creut may be extensie and will ;‘iuﬁ
arteril hvpoxn  The only pnimary tumor of the lung that behav
w the manner of metastatic tumors appears to be cavernous hemangt
om1 winch may be very small and difficult to localize Pufmonan

angiozphy m1y be useful m this regard
il saturatton does not necessanly suggest

The presence of full arte
prm mpnther than metas or Oyygen d ha;::ﬂd;f
puticulurly with a high e t usuath andt ey
tise  Ovigen desaturat n 10 metasta e
thyroid carcinom®, and ch a but 15 not
of these

vaseulir metastases Whe
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possible resection my frequently be worthwhile physiologically sf the
estent of the disese 1s such as to make 1t a reasonable therapeutic effort

Reflex Problems —These are 1t once interesting yet poorly understood
factors m pulmonary physiology  The two known sets of pressure-senst
tive receptors in the lung and in the skelet1l muscle are mvolved i the
cessation of mspiration permitting expiration to occur  The respiratory
center m the medullr mmtntes a further breath  Pulmonary tumors both
directly and tndirectly may cause premature and increased numbers of
mpulses arrving 1t the medulla Under these circumstances tachypnea
with dyspne1 my be observed  This not only 15 a disadvantageous way
of ventiliting but 1s also uncomfortable to the patient and may indicate
the need for therapy In the case of infiltrative lesions there may be
advantages i bloching the Hermg Breuer reflex  There 1s 1 possibility
that a recently developed compound a conjugation of a local anesthetic
with 2 glycol does this selectively It is currently undergomg laboratory
evaluation

\entilatory Restriction —Restriction of ventilation can occur m numer
ous ways m neoplishie disease mvolving the lung  Where ventilatory
Testriction 15 on 1 reflex basis 1t may be amtenable to chemotherapy How
ever ventilatory restriction on a mechanical basis should also be treated
‘The most sertous consequences of ventilatory restriction are CO  retention
and hypowa

THE EVALUATION OF PULMONARY FUNCTION
IN RELATION TO THERAFY

Since tumors involvmng the lung may produce such 1 great effect on
pulmonry function some form of objective study of thus function s
desirable espeenlly since therapy of the tumor m1y considerably alter
1t for better or for worse  Pulmonary function tests have been enormously
elaborated i the past few years and time and evperience are required
to pedform 1nd to interpret them correctly Three scparate tvpes of
Ppulmonary function tests are recognized

1 S mple tests requinng, little equipment and little experience to m
terpret which may indicite to the clhimeran the major type of physiologt
cal disturbance and may often help him to evaluate 1t

2 Elaborate studies required only for pitients m whom the nature of
the disease as well s the best method of treatment presents a real
difficulty

3 Rescarch procedures designed to merease knowledge of physiology
el disorder

These three types of tests nre frequently confused Morcover there
15 a tendency to seck objectne numerical evidence of the condition
irtespectnve of ats clinical usefulness  Any procedure must produce a

-
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nary capillary bed to the extent of prod pul y byy
Usually hypoxia 1s not very marked  These lesions may therefore produce
definite physiological effects, chimeally manifested, as a rule, only by
moderate dyspnea with exereise

Miscellaneous Effects.—Interruption of the phrenic nerve 15 not un
common 1n late neoplasia and produces an mcreased disabihty This is
most common m posterior peripheral tumors of the lung, posterior medas
tinal tumors and metastases, in teratomn, and n the supertor sulens tumor
The problem 15 one of ventilatory loss The diphragm becomes pua
lyzed and may be very difficult to stabilize, since the use of poeumo
peritonieum will merely cause 1t to nise and thus further reduce the lung
volume on that side

The loss of the left recurrent laryngeal nerve seen i cancer of the
left lung 15 of mdrrect physiological mportance, since the mechansm of
cough may be markedly ympeded  As a result, secretions accumulate on
both sides causing further alveolar obliteration

SPECIAL FACTORS IN RELATION TO THE TYPE OF TUMOR

Vascular Problems.—The vascular pattern myy be of some importance
mn differentinting primary bronchiogeme from metastatic tumors Th?
blood supply of primary bronchral tumors 15 usually by the bronchl
artery which becomes hypertrophied proportionately to the vascular su[;]—
ply of the tumor Normally the bronchial artery dramage 15 thmugl
the pulmonary vemn system and back to the left heart The bronchia
vemn system drams mto the systemuc venous return to the right heart
The direction of the venous return from the tumor depends m put
on the condition of the bronchial tree and 15 not necessarily umfom;‘
In very highly vascular tumors the amount of blood flowmng thmtu%n
the bronchial artery system nto the tumor 1s apparently significan
relation to the cardiac output ’

In metastatic tumors, on the other hand the arterial supply 1s common’y
from the pulmonary artery In highly vascular tumors the m};[lmli‘:e
shunting m the pulmonary cwcuit may be extensive and w:b }cmves
artenal hypo‘na The only pnmary tumor of the lung that bel “
m the manner of metastatic tumors appears to be cavernous hemas agi
oma which may be very small and dlf(ilicult to localize  Pulmomary
angiography may be useful m this regar

’{f"heg pfesﬁnce );f full arten] saturation does not necessanl);] s‘t‘\’gegzi‘
prunary rather than metastatic tumor  Ovygen desatumnortl;st :uc d’s:
partcularly with a hugh cardiic output, usually mdlcatels mneme o,
ease  Oxygen desaturation 15 common m metastatic hype . nP s
thyrord carcmoma, and chorioepithehoma, but 1s not so comny son
vascular metastases Where the position of these tumors makes €
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of the volume ventilation of each lung and to tiis may be added
fluoroscopre observations of unevenness of fillmg or emptying  Attempts
to do this with x ray kymography have often been exceedingly difficult
to mterpret although this method of exammation deserves further study
The use of inspiration expiration films for a rough estimation of the resid
ual volume in the lungs at the end of exprration is of value This
method does not give « preasse figure yet 1t permuts onc to observe
whether the residutl volume appears normal moderately mcreased or
markedly mcrersed  In radsological study of lung volume no deduction
may be mide s to the use of air drawn imto either lung or any hing
aret since the study 1s merely one of volume change using the metwure
ment of an arev To study the alveclir ventilation differentrally
1t 15 necessiry to use tech such as L v which will
be diseussed Iater

Other simple studies mclude the use of the electrocrdiogram and the
hematoerit  The venous pressure and the circulation my mplify these
Bndings absays remembermg that 1 rise 1n venous pressure without 1
visible pulse wive 1s more bkel to indicate a superor medrstimal
obstruction $yndrome than the presence of 1 tumor The value of elec
trocarchographic changes in the diignosts of right ventneular hyper
trophy 15 well known  In the presence of mrked 1rterrovenous shunting
or of lang continued hypoxin or both a nse i hematocnit s usully seen
Where changes in the electrocardiogram suggest nght ventricular hyper
trophy and the hematocnt 1s elevated 1 diagnosis of cor pulmonale 1s
yustfied This has a maternl effect upon the prognosis with major sur
gery since it 1s unlikely that the vasculir bed of the lung will be mcreased
and it may result 1n increased cardiac embarrassment In such an event
1t 1s necessary to evaluite the patient further before myjor surgers 1s
undertrken

With these simple tests the mjonty of pitients with pulmonary neo
plasms may be evaluated for surgeny or other types of therwpy 1nd the
Progress of a pitient can be followed within the clinical need  Exercise
tests are vanable according to a number of factors mncluding the amount
of actity to which the ptient 1s 1ccustomed Standardrzed exereise tests
however are frequently used the most common bemg the Baldwm
Cournand and Richards the W arrng and the Gilson Hugh Jones tests
None of these require complicated apparatus

More Lvhaustive Study of the Patient ~This becomes necessary

1 When the results of chmeal and simple pulmonary function studies
tdicate doubt that the pattent undergo surgery

2 In patients whose pulmonary function tests show a considerable
degree of pulmomry function remuning but whose symptomatology 15
disproportionate

)¢
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result commensurate with the effort of producing it The best method i
to regard the study of pulmonary function 1 a patient as a consultition
m which elinieal understanding 15 ncreased by the use of relevant tests,
rather than to perform a standard battery of studies  As a result, there
should be considerable varation n the type of study, depending upon
the patient’s disorder

Studies Possible in the Office or Outpatient Clinic with Mumimally
Trained Personnel.—Drrect ventilatory studies are the simplest of all
These mclude study of the timed msprratory and expiratory vital capacity,
recorded on a fast moving drum, and a qualitative study of the effects of
CO; administration  Using such readily available equipment as a bl
metabolic-rate apparatus, 1n which the drum has been speeded up at least
10 tumes, one can record quite small changes of ventilatory function  The
resistance of the system should be reduced as much as possible by re-
moving the soda Iime canister and using wide mbmq

The timed nspiratory capacity 15 not so often used as the timed expira
tory capacity, and unfortunately, the timed expiratory capacity 15 ustally
ment when one refers to the timed vital capacity  However, tumors
may cause marked changes i the velocity of insprratton, and these are
important to observe  Normally one should be able to expell at least
50 per cent of the vital capieity m 1 second, and 95 per cent1n 3 seconds
The wnspiratory velocity should be considerably greater, with total mspir
ation taking not more than 1% seconds Dewiatton from this must be‘
regarded as abnormal Such techmiques are sensitive enough to reved
qutte small changes Veloaity changes generally are of gretter m
portance than volume changes

Normal vilues for the vital capacity m relation to age and sex are
gnen by the fallow g formulas

Males —[2763-(0 112 X age)] X height mem
Females—[2178-(0 101 X age)] X heightn cm

From these, the expected timed mspiratory and expratory witd cnipmc;z
can be calculated The normal partiions of the witil capacity

(Baldwin et al )

Inspiratory reserve—1/2 ( approumately)
Tidal volume ~1/6
Exprratory reserve <174

d with expected figures 1n relation to avalable

e
Companison of observe g weronl exasian 5

clmical mformation 1s often suffictent to decid

ossible o
! Thns mformation can be amphfied by the use of 1nspxra\tx[ons:21;rg1t:he
posteroanterior chest x-rays together with fluoroscopy . An ﬂmummun
area change each lung with a planimeter gives & rough app!
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When the elaborateness of the surgical team and the time discomfort
and seriousness of the operation 15 measured agunst the advintages of
bronchosprrometers  the use of bronchospirometry~cven at its most
complex—does not 1ppear so formidble

Thus far our attention has been directed chiefly at the direct study of
one lung agamnst the otber from the pomt of view of surgied] exersion
Many other pulmonary function tests are lirgely concerned with the
function of the lungs as 2 whole and their use mav be extended as well
to patints who are not candidates for surgers  Thev may also be used
for 1solated disetse m 1 rehtively nommal lung to define the nature of
the abnormality of function and they e of some ud m assessing disa
bility due to mediistmal fumor

Studies of residul volume and ntripulmonary muang require 2 rela
tively simple apparatus that can be used in almost my hospital ® With
such an appratus the presence of localized obstructive cmphysema 1 2
normal fung can be. confirmed the chinges tvpieil of gener ihized emphy
sema can be found although these would probibl hue been already
diagnosed by spwogrm  Lumuts of ovygen uptihe on effort may be
determmed ~ The destgn of the apparatus s such that bronchosprrometry
may be done tn addttion to other ventilatory studes

Such studies my be amphfied by combmed blood gas studies i which
the equiltbration of blood 1 the lung 15 indirectly estimted  Blood gas
studtes are somewhat elwborate requirmg particulrly espert technical
assistance  As 2 rule 1 arge collecting recordmg spirome ter 1> needed
to study expired ur and artern] samples under varous conditions of
breathing and esertion  This tvpe of study 1s designed to relate ventiht
ton and perfusion 1t permits evaluation of such factors as the anatomic
and series dead spaces the diffusion ciprity of the lung for ovsgen
the venous dmaxture and the vhveolwr artertal Ciprllary prossure grad
ents (Comroe Riley Donald and their 1ssocttes)

A simple method of deterrmnmg the degree of wteral oxvgen unsat
urabion employ s an solute-rerding oximeter (Walson)

THE PHYSIOLOGICAL APPROACH TO THERAPY

Physwlogical study aums not only to define 1 gnen condition but to
help durect therapy  The more sertous the dsability the more mtense
should be this study

Place of Physiology i Surpery of Neoplastic Disease of the Lung ~
The importance of phy siological wpproaches to surgery becomes greater
when the patient 1s a poor nsk although for extensive surgery any pitient
may need phy siologreal assist: positise pressure breath

N *Such an apparatus 1s the Pulimotest Godutt and Pulmo Analyser Godart distnbuted
¥ Instrumentation Assoctates m New Yorh
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3 When there 1s doubt as to the nature of a serrous physiological dis
turbance and therapy 1s planned

Perhaps the greatest attention has always been pud to the evaluation
of a patient for major surgery This 1s more true with bronchiogene
carcmnoma than with medrastinal tumors, smce in the latter, lttle or no
pulmonary embrrassment 1s Iikely to result from mtervention  In meta
static tumors local excision 1s usually all that 15 planned  The physiolo-
grst 1s often ashed if @ gnen pattent can tolerate a pneumonectomy
When one lung 1s totally out of circuit because of an obstructing leston
w hat function 1f present will be the contribution of the other lung  Dys
function, on the other hand, can at least in part be lud to the atelectatre
lung  Under these circumstances no further study s required esen of
the pulmonary-function tests already done show a considerable smpair
ment of pulmonary resene If a patient 10 such circumstances cin walk
with comfort, he 1s a candidate for surgery and 1s Iikely to mprove
N; Ily, from a physiological dy such a patient must be very
carefully watched throughout the operation and in the postoperative
phase

A more difficult situation ewusts when only part of a lung s mohed
n the tumor  The greater the amount of functioning lung tissue m the
side where surgery 1s plinned, the more important 1t becomes to assess
the functional value of that lung This requres bronchosprometry
1solating the lungs from each other using a wide double Tumen extheter
inserted mnto the left mun-stem bronchus  Wath the catheter i phet
volume ventilition, oxygen uptake, CO: production, muing, and diffusion
can be studted m either lung separately during both rest and ewrm;‘n
The combination of bronchosprrometry with the study of blood mterh
mcreases the former's usefulness  Artenal oxygen destturation 18 ‘better
abserved by dircet measurement than with a simple oumeter Sumulta
neous use of an occlusne balloon tipped catheter 1n the .pulﬂzofx‘f‘“?s
artery to the side of the tumor produces an acute °p v zn;"
may prove to be a most important m’hnncc m techmque m amhzs
the consequences of pulmonary artery higature

Bronchgsplrometr)[’(meth )t't al ) with or without the occ]usiwsii‘h‘
eter i the affected pulmonary artery, enables the physienn hﬂ !
maximal oxygen uptake, ventilttion, and atal eapraty on CdgTO
side, mdependent lung residual volumes may also be dik‘m":‘?e up
produce valid results with L hosp '} requires q dqw .
ment, a tramed team of experienced pulmonary phystologusts, :mmd“(e
tinuous application, smee small vanations of techmque l;lﬂx)’e I;or e
widely differing results  This s not, therefare, a proce uou"h " es
average hospital but rather for centers m whuch there are ﬂ:udb ould
to justify such an nstalltion  On the other hand, such a study
not be dented to a pttient when sertous doubt of opera

ity exists
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When the elaborateness of the surgical team and the time discomfort
and seriousness of the operation 1s measured against the advantages of
bronchospirometers  the use of bronchospirometry—even 4t its most
complex~does not appear so formidble

Thus far our attention has been directed chiefly at the durcct study of
one lung agamnst the other from the pownt of view of surgical exaision
Many other pulmonary function tests are largely concerned with the
funetion of the lungs as a whole and their use may be extended as well
to patients who are not cindidates for surgery Thev may also be used
for solated disease in 2 relatively normal lung to define the nature of
the abnormality of function and they e of some aid m ssessing drst
lity due to medrstinal tumor

Studies of residul volume nd intripulmonry mung requue a rela
tively simple apparatus that can be used m almost any hospital © With
such an pparttus the presence of localized obstructive emphvsemt m 2
normal lung can be confirmed the changes typical of gencralized emphy
sema can be found although these would probibh hrve been already
diagnosed by sprogram  Limits of ovygen upttke on effort miy be
determmed  The design of the apy 1s such that bronchosy Yy
may be done in addition to other ventilatory studies

Stch stuches may be 1mphified by combimed blood Jas studies 1 which
the equiltbrat:on of blaod in the lung 1s miirectly estmated  Blood gas
studies are somewhat claborate requinmg particularly espert techmical
assistance  As a rule a lirge collecting recordmg spirometer 1s needed
to study expired arr and artcrnal samples under vartous conditions of
breathing nd exertion  This type of study 15 designed to relite ventila
tien and perfusion 1t pernuts evaluation of such factors 15 the anatomic
and senics dead spaces the diffusion eapaaity of the lung for oggen
the venous adnuxture and the abveolir arternil capilliry pressure gradi
ents {Comroe Riley Dontld and therr issoctates)

A simple method of determinmg the degree of arterial oxvygen unsat
uration employs n absolute rexding ovimeter {Wilson)

THE PHYSIOLOGICAL APPROACH TO THERAPY

Physiological study aims not only to define a gnen conditton but to
help duect therapy = The more serious the disability the more intense
should be this study

Place of Physiology n Surpery of Neoplastic Disease of the Lung —
The importance of physiological approiches to surgery becomes greater
when the Ditient 1s 2 poor nisk although for extensive surgen, any pitient

may need physiol greal assistance positve pressure breath

“Sucl ap apparat is ss the Pul notest Godart and Pulmo- Analysor Godart d stnbuted
by Instramentat on Associates 1n New York
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mg with bronchodilators before surgery will reduce mucus retention
to 1ts minimum and thus make for an easier postoperative course  Breath
g exercises should tlso be introduced at this time to accustom the
patient to an mmportant feature of s postoperattve  rehabilitation
Pre anesthetic medication should be considered i relation to pulmonary
funetion During the actual operation the major problem 1s one of ventla
tion  This 15 particularly important in pitients who already have severe
respiritory dysfunction

The anesthetic agent 1s usutlly associated with a closed circutt con
trolled respiration system m which the mspwred O 1s above nomal
tmospheric concentration  Under these circumst inces there 15 an excess
of O m the 1lveol and hypoventilation will not necessanly produce
cvanosts although CO m1y be retuned  Actdosis during nd after the
surgeny 1s 1 myjor cause of increased mortility and morbidity  As o
metibolic acxdosis respiratory acidosis may ciuse 1 change of potssium
level which m turn can give mse to ventncuhr fibnllton or cudae
wrest  Difficulty m restarting the patients own ventilation postopert
trvely will Uso oceur when the raid base balance h1s been upset dunng
the operition  Very few anesthetic apparatuses mcorporate ¢ ventilon
meter giving the mesthetist wctual values of the tidal volume  Hence
he 1s by and Irge dependent upon his own observition by eye and by
hand pressure or upon the settmg of an automatic ventilator wd these
critern are often insufficient to enible hum to mamtun normal body
1c1d base balwnce  Surgery and anesthetic agents themselves my alter
the normil condition  In order to study acid base balance 1t 1s essentual
to follow the rter1l or alveolir CO tension The [atter 1s best followed
with + CO meter of the mfrired type Almost 1s conventent however
15 the use of arternl sumples and the esim1tion of pH and CO content
with subsequent ¢1leulation of the CO tension By this mens one €1t
correct ventilation to levels ndequate for CO  excretion

Duning surgery the pulmonary arternnl pressure shou
s mew pressure if necessary 1 sihne manometer cin be used
15 elevated or becomes elevited 1fter higition of the pulmonary rtery
then there nre certun to be serious postoperative problems of vcnnlah]on
wd pertusion and the pitient should be watched carefully anﬁcur')'
may anse n transfusions 1f there his been marked rise m pulmﬂ"s»: 35
rtery pressure since this miy l}e foll;)wed bv 1 rise m venous pres
and the development of cor pulmonile

Another pmlﬁem ansing dunng su;lgery 15;‘*;?'1’5:0050"50; "zu"iizz

sthorax allure

the dead space 1n the operated hem b shrexdy may be emphy

overdistention of the remammg lung wh -
semitous  This 1s perhips most ewtly solved by domg 1 phremic f

moper!
mterruption together with a pneumnoperitoneum The pnlel;ld d{lmn
toneum should be muntamed wntil sufficient fibnn his heen Ty

1d be mensured
If ths
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on the elevated paralyzed diaphragm to stabhize st  Using this technique
as much s half the space n the hemithor1x may be then up  In adds
tion some surgeons finish the operation with 2 “tatloring” thoracoplasty
evcrsing portions of the second and third nbs  Ths does not produce
an unstable chest wall in the early postoperative phase These pro
cedures may be indicated more frequently 1 older patients undergomg
preumonectomy for carcinomn thwn we bebeve at present

In the ymmediate postoperative phise hypoventilation occurs after
controlled respiratton 1s stopped nd before the pitent recovers full
consciousness  During this period some form of assisted ventilation 15
desirable and 1s most easily achieved by using intermittent positve
pressure equipment  There 1s some controversy as to whether 1 trache-
atomy 15 desirible 1t does mike the application of itermusttent positive
pressure breatlung easier since mflation of the stomach 1s less likely to
oceur than with a mask - With the recovery of consciousness meffective
hypopnea and retamed sccretions 1re the two major difficulties At
this pomt the introduction of breathing exercises becomes very helpful
and such mids s mtermittent positive pressure breathing with a broncho
dilator and the use of  cough michine miy materally mmprove the
patients condiion  Antibiotics e indicated preoperatively and post
operatn ely

Over the long term, panents with some degree of cardio respiratory
fallure require treatment of the failure not only for maximum comfort
Lut for prolonged lfe  All the techmiques normallv used on a patient
without a neaplasm are appheable to the pattent with neoplasm even
though he may have undergone more ridical surgery These techniques
include the use of wntibiotics the use of ventilitory 1ssistance such as
intermittent positive pressure breathing  the maintenance of a good
bronchral toilet with the aid of wntermittent positive-pressure desices
and the use 1n some mstinces of corticords to control secretions  Both
the surgeon and the physician should follow the pitients postoperative
course  Pulmonary function should be re evaluted by simple tests s
soon as the patient s free of pun wnd his condition has become stibilized
by 50 domg contimued theripy <an be phoned

The sume considerttions thit wpply to bronchiogemic carcinoma apply
also to mediastmal tumors except thit no lung is Wkely to be excised
However the pleurat spaces may hne been ¢ntered and ventilatory
diffculties are as urgent  In Jocal resection of lung tumor it 15 necessary
to use mtermnttent positive pressure cautiously i m untunmg ventilttion
This 1s espeenlly true m wedge or scgmental resection where there may
be 1 large area of raw bubblng lung surfice at te end of surgery
despite mrumum cwre n sutunng  The use of mtermittent positne
Dressure breathing at a pressure of 10 ¢m of w iter my be sufficient for
therapy without ncreastng the i leak

Physiol, 1 Therapy in Inoperabl pl ~There 1s a general




204 Pulmonry T'unction

theripeutic mhilism m patients when 1t has been deaded that surgery
1s not possible  In many centers 1t 15 true that chemotherapy and radua
tion therapy arc used The care of the patient appears to devohe upon
the specialist m such therapy rather than upon the physician tramed n
physwologienl managument ~ As 4 result such therapy 1s often used
terminally rather than m leviating pulmonary dysfunction enrly m its
evolution A tumor obstructing a major portion of 1 hung may be causing
the patient consderable dyspner  The treatment of such @ tumor with
subsequent partrl reopening of 1 bronchus offers the ptient at least
a period of comfort 1t 1s importint to consider the use of these tech
niques wl physiologieal dysf 15 found of sufficient degree
to cause the patient symptoms  The tendency to 1wt signs should be
resisted  Morcover the eflects of therapy cin be ascertuned m most
eases by using stmple pulmonary function tests  Thus the phystologist
m addition to regarding radiition therapy and chemotherapy 1s amed
at the neoplastic cells themselves Jooks on them as ard to pulmonary
function

The harmful effects of ridmtion upon the lung are considerable
chemotherapy has not thrs disadvantage  Radiation fibrosis may alter
pulmonary function and produce an incresed pulmonary dnsal‘nhty Th:

perfused and hence useful to the economy the total gun trom radnt‘:l
may be such as to offset any loss  Where obstruction 15 developing be-
cause of extrinsie lesians the need becomes even greater It must be
remembered that dyspnea mny far precede the presence of chinical stndtz‘

Phystological therpy 1 relition to residual function must be cons:de
ered Many pahents wath moperable neophsms have beei? m;lw
considerably more cemfortable by the use of 2 regrmen of ro;md g
dilators with mtermuttent postive pressure breathing full know! eﬂ%
that the treitments are purely palntne It 1s essential to (;lrm;enee
symptoms of such patients and often this theripy has 1 marke by o
fionl effect When mucus 15 a problem corticoids and ntl 1ckI
~gents used together may be mmmensely valusble and may prtu at;r;g
comfortable Lfe The patients well being must be consndemd(na o
as 1t 15 affected by the tumor but also from the pomnt of view of 1mp
g the pulmonary function

SUMMARY

Tumors of the lung 2ffect pulmonary function toa great dfcgsrcch ::ﬁcr:;i
g to therr position extent and structure The mJ]onzon n!:c e
occur 1n patients of the age group where degenerative pu mfom crt}m“ o
1s common  Simple methods of evaluation of pulmonary fu
therapeutic guidance n the mjonty of these cases
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Surgery for tumors m1y be made safer by physiologteal evaluation
and the patients disabiity mey be lessened by phystological therapy
Moreover, mdicttions for palliative therapy may frequently result from
physiologierl study

Consider ition of tumors must include the effects on cardiorespiratory
function as well as the naturl history of the particular tumor
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Chapter 11

Surgical Trcatment
Tuovias H Burronp M D and Tiowvtas B Frrruson MD

HISTORICAL

Ov Aprl 5 1933 Luvarts Grahwm did the first successful one-stige
rudienl pneumoneetomy for bronclhiogenie erremomt  This event muhed
the beginning of wn ert gnung hope to the ithcrto hapeless hist of
vietims of this disese and 1t the syme strohe giing cnormous impetus
to the development of the entire speenlty of thoraeie surgery Ths
pbent 1s 2l e and well 25 yetrs Inter—strong testimony that our surgeal
treitment for lung cancer 15 sound 1nd that the present low curibilit
rte 1 relited not to the form of tretment but to dely m dngnoss
Prior to 1933 ttempts to treat lung cancer consisted of pecemenl remoral
of the tumor or drumge of an abscess distal to n obstructing endo
bronchinl mass  After 1933 techmeil dvances cime more ripidhy
Griham showed that abrupt ligation of the pulmonary artery 1s not
followed by the fatal q that are seen with massive pulmonry
embolism 2 pomt of considerible concern at that time Rienhoff was
the first to stress the importance of mdwidual hgition of blood vessels
wnd bronchus rather than miss hgition of the lnlum  He also pomnted
out that tot1l removl of the lung need not be followed by 1 thoracoplasty
to obliterite the empty spice smee compensitory bodily adjustments
meluding mednstinal shift elevation of the dnyphrigm and contriction
of the chest wall tihe care of the sptee problem Todry lhoncoplls}?’
following pneumonectomv for cncer 15 rirely mdieated To find ¢ :
proper wiy of manging the bronchiil stump followmy, rcscctx]on ‘::e
most 1mportmt smee operitrve morbidity and frequently mort lt{ o
directly related to the madence of bronchopleurl fistulx It too ot
combined experience of mrny thoricic surgeons to demonstrate
successful bronchn closures require ctreful mucos to mucost :lpp‘m“‘v
mation with dependible sutures while noidmg the use of crushing

the bronchil blood supply
clamps wnd excessive disturbance to the brol o ot

Churchill showed that the merdence of fistuls 1s less w o
sutured stump 15 covered with 2 f1ap of snble pleury O(Iwrll\no:ltl‘m;l:c
that has contributed greatly to the contmuing decline 1n mortality ¥ clace
achances n thoracie anesthesit blood replicement techniques €@

(266)
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and pul y physiology and antit Today the surgery for Jung
cancer 15 unversally performed at a mortabity nisk below 10 per cent
This 1s a kable ach to have eventuated in less than a

quarter of a century

SURGICAL ASSESSMENT OF THE PATIENT

Once the dag) of cncer 15 established it 15 the co responsibihity of
the mternist and the thoracic surgean to evaluate the patient carefully
nd decide whether surgical exploration 1s mdicated  In some crses
this decision 15 e1sy to mike 1 others 1t 15 very difficult  There e two
main spects to be d Th y may be 1
n a resectable leston by 1 coevstmg medical disorder or mav be contra
ndicated bectuse of the presence of certan extrathoracic or mtrathoracic
metastases from the pumary tumor  These cntery of moperability s
they are sometimes called ire discussed as medictl enterta nd meta
static enterny

Medical Criterta ~Because lung cancer 1s primanly a disease of older
mdwiduals there are 2 number of derangements of other organ s stems
which can comphieite the operation and the postoperative period but
actually are sery few which contraindicate operation The ud of the
mternist 1s mvatuable m brnging the difficult case into optimum condibion
for surgery  Disese of the cwdwviscular system are frequently present
but only two should delay a needed thoracotomy ~These are coronary
occlusion with wfarction occurring within the previous tno months and
avert heart fallure  Almost ll clder patients who come to surgery huse

Tects dtographic changes of coronary artery disease nd
many of them have 1 clmical hastory of nfarction i the past  However
of they qre stable at the tune of surgery and are mnaged cirefully after
wards the myonty will have no trouble  Prtients with heart fulure that
do not respond to vigorous treatment such as occurs with advanced
theymatie valvalar lesions arc not surgical ¢andidites  Patients who
hase fulure on the bisis of arterosclerasis cm useally be compensated
with v good cardue requmen and then operation carned out safely
Hypertension does not preclude operitton unless 1t 15 m the mbgnant
phise

The evaluation of concomitant disewse of the respratory system
notably emphysema cn be mast difealt Imphisema tm the older
pitient 15 esther of the diffuse evstic tvpe or the localized bullous type
while emphysem in the younger individunl usuilly accompanes asthma
There hine becn numerous tests devised in an attempl to quantitate
respiratory drababn These anclude wital caprety mrumam beeathing
apwty functionil seswheal caplaty bronchospirometry nd pulme
nary artery cathcterzation Unfortunately no test or group of tests 1s
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reluable enough to predict aceurately whether amy gnen patient will
tolerate resection without difficulty or will be left a respiratory cnipple,
50 the final evaluation and deciston must be made on chneal grounds
The degree of overdistension of the lung can be fauly relubly estt
mated by looking for cystic change on the films noting the antero
posterior chest diameter, and cheching the postion and excursion of the

Fic 136 —Cancer at the Julus of the nght lung m a paient with
severe bullous emphysema

be
draphragm by fuoroscopy (Fig 136) The amount of dyspfncswlsut‘::‘an
out of proportion to the functonmg lung nssue]]bc]m:iidummm The
pam, pleurssv, or wheezmg caused by a strategreal )f :}iy e 10 the

estumate of post sesection disabibty must 11713 m\r)%shuctmq tumor may
preoperative situation A patient with a smal n;l:m e dnadual who

be more fortable after p

because the tumor h
15 quite dyspneic preoperatively
lung atelectatic  In fact, the latter patient is quite blely

as made an entire
ta he improved
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by removing the functionless Jung A useful climical test 15 to have the
prospective operitive candedate pesform an exeretse such as walking
rapudly along 2 corndor or up 1 flight of sturs 1nd then chech the
pulse and respiratory rate and compare lus response to 1 normal md:
viduals response to the same exercrse  Taking all these factors mto
consideration  decrding whether or not operation should be done at
times requires the best m climetl judgment  Lven so occasional un
fortunate mcviduals will be left respiratory cripples by surgery

Other general factors such s 1ge wd nutritional stitus are by them
selves not contrundications but the fin1l evaluition must be 1 total
assessment of the pattent  An elderly man with emphysemt and heart
trouble might be too great an operitnve nsh whereas if these fictors
were to oceur smgly operation might be sife

Metastatic Criterta —Extrathoracic —A careful sewrch for distant metr
statie lesions 15 tw 1ys necessin  Predommnt sites of metastises are
the supracliviculr lymph nodes the brun the wrentl ghinds and bone

If palp ible nodes or scalene fat pad nodes m the neck are found to be
positive on biopsy 1t 1s generally 1greed thit cure 1s not possible  How
ever m this stwation pallitive resection s frequently done if the ptient
1s)oung or if the primary tumor 1s servingt 1s ¥ septic focus

Symptoms referable to the centril nenous svstem such as blurrmg
of vision headiche nausea or verti_o should be carefulls evilutted by
2 tonsulting neurosurgeon  Electroceph ograms wd cerebral ur studies
will i many mnstinces reveal cvidence ot miltiple cerdd ril metistases
miking surgieal treatment of the chest lesin wnwise  If 1 solitary
cerebral metistatic lesion 1s found and there 1 no evidence of other
antrathorcie or extrithoracic spread of tumor the pitient then deserves
craniotomy for remon al of the solit ry met istass nd Inter a thoricotomy
for control of the primry lesion  Of course the nimber of cases that
can be sthaged m this mamner will be smil  However one of us
(THB) hns 1 case that 1s well nd free of disease § yeurs after thi
combined manigement

Metastases to the adrenal ghnds are dificult to prove but mav be
suspected 1f the pitrent his persistent wekness wnd hypotension At
times the piticnt may present the typical picture of Addions diserse
As a general rule ptients with adrena) metistises hune other metastatic
Jesions which help to rule out opertion

Metastases to bone generilly wre heralded by the ppearnce of bone
s 1 (\'(ep unrelentig ‘Dursting” type of pua  Fasorite sites we the
spite and pelias Careful 1 r1y survey s are indicsted 1 v lung ¢incer
Pitient who has persistent bone pun  The differentniti n from aethritis
sometimes 15 cifficult  The thihne phosphatase 1s of little vilue  Many
times the £lms of the area will be negatne if the mettafic lesions are
e 1 which ease small doses of vriv therapy mu help with the
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by mflammatory nodes while aortic ancurysm, elevation of the left mam
stem bronchus, and left atrial enlargement are other conditions which
may cause recurrent nerve paralysis  1f ether nerve 15 imohed sep
arately by a known tumor, exploration s still indicated A portion of
the phrenic nerve can be resccted along with a rectangular piece of pent
cardium to give a clean dissection  When the recurrent nerve 15 mvohed
the tumor extension usually makes complete resection mpossible, but
a few long term survivals have been reported  When both nerves are
paralyzed m the same patient, operation 15 not indicated because there
are no reported cases of long term survival mn such mdwiduals

The pulmonary vessels are the most frequently mohed mediastinal
structures  The overwhelming majority of nonrescctable cases are
moperable because of mvolvement of the pulmonary artery or vews too
near therr ongin - There 1s no reliable method of ascertaming this except
through th y.  Vessel miol my be suggested by the
presence of enlarged lular nodes on x ray (Fig 137), or angpocardiog
raphy may show vessel involvement, but neither of these 1s sufficient
evidence to withhold thoracotomy and nisk missing a resectable lesion

1f the tumor extends outwardly, the pleura and chest wall will become
mvolved  Pleural seeding causes an outpouring of blood tinged flud
from which tumor cells can esily be recovered, and their presence
15 a contramdication to surgical resection  Direct extensions through the
pleura into the chest wall proper are hirder to detect If the pahen;
complamns of pun 1n the chest on the side of the lesion, particularly ¥
there 15 antenor radiation, mvolvement of the intercostal nerve should
be suspected  Rehef with an mtercostal nerve block will confim ﬁl‘;
duagnosis  Detail films of the nibs adjacent to a penpheral tumor shoub
be examined for nib erosion (Fig 138) If a chest wall mass can i
felt, a tissue diagnoss can later be obtained by needle or mclsu;’n{\
biopsy This should only be done if the patient 15 otherwise inoperable
Opmons differ as to how large an area of chest wall can be re;no\cnl
en bloc with the lung, but most surgeons feel that remaval of ad }J:cnt
portions of myolved nibs and intercostal bundles 15 justified 1f the pa o
15 m good condition, and the aret of mvolvement 1s not so lge i
resection leaves an ble defect Stabilization w1th stamless ste
screen or tantalum mesh has been described, but for the most part surf
vival in such patients 1s very limuted bectuse of the cxtensnenessn:’ﬂ
the tumor The direct extension of a peripheral upper lobe cancer l;l o
the apex of the thorax to mvolve the first nib, the bmclu;Iﬂplci\”ll';’cmst
the sympathetic nersc chun causes the symptom complel‘( lL lll:!ex: nd 1
syndrome, consisting of radiating pun m the arm and sf mou‘d o be
Horners syndrome on the mvolved side These cises, xlpr s gen
caused by cancer, are moperable  Pallation with x-r:g he;ccﬂ[;)sm o
erally very good  Exploratory thoracotomy may be I
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diagnosis because the sume picture on rire occasions en be caused by
apietl tuberculosis

Invohement of the diiphrigm by tumor may cause recurrent or
intrictable hiccoughs  This 1s not 1 sign of moperabibty because a
lirge segment of the dinphiagm can be removed wth the lung if neces
suvy In most mstances the resulting defect ean be closed primanly
but »f not may be bridged with 1 dermal grift polyvinyl sponge or
other prosthetic materal

Fic 133 “—Penpheral carcinoma on the nelt s th ol ement of the chest wall and
osteolstic de truction of several nbs

Interpretation of susprcious areas 1n the contralateral lung must be
done with great care  Spread of tumor to the opposite lung takes place
either 1n the form of Iy pt P or discrete nodul
Lymphangitic spread 15 exsy to recogmze as 1s nodulition when the
nodules have reached large size (Fig 139)  An otherwise operable
Pbatent should not be refused thoracotomy on the bisis of one or two
small rounded shadows m the good lung unless recent ongin or rapud
growth can defmtely be demonstrtted for these shadows may be bemgn
lesions or vascular configurations

In summan, the decision regarding surgery n a given pitient with
Proved mtrathorneic or extrithoracie metastises 1s based on our total

18
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surgical experience to date with exch type of malignant extension not
only 1n terms of numbers of long term surynals but also n terms of
whether the required operation leaves the patient m 1 worse state than
he would have been without surgery If crreful due consideration 1s given
to the detuls of each case this decision can be made fasrly in the vast
myonty of patients We feel that Jf a patient 15 borderhine m some respeet
or the evidence for metastases 15 not conclusve this patient deserves to
have a therycotomy and 1 chance for cure rather than bemg designated as
2 hopeless case without absolute Justificrtion

Fic 139 —Cancer of the nght lung with lympl ang tte and modulec
balateral metastases

PREOPERATIVE PREPARATION

al

Once the decision to operate has been made and a gene;;] x::dlc‘u

evaluation has been done there 1s little that 1s necess'xrr); n;A by : ‘et{nt’

preparation for surgery If sepsts with fever has been pa {"m mgu ction

a prelumnary course of antibiotics should be grven ¥ Ss“d‘:e a}t}mnmsm

1s Jarge 1t should be reduced by postural dramage ﬂnd] tors We are
tion of nebulized muxtures of antibrotics and bronchodilato
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of the opmton that all older patients with evidence of diffuse nonspecific
myocardial disease should be digitalized preoperativelv Thus 15 espeenlly
true of total p 15 a likely possibil The abrupt reduc
tion 1n oxygenating surface plus retuned secretions m the erly post
eperative period often lead to myocardial hypout which becomes clin
1cally memifest in rapid quricular fibrilltion  Preoperatne digitalization
does nothing to prevent the onset of fibnillation but the digitiized
patient will fbrillrte 1t 4 slower rate where blood pressure and eirculy
tory mtegnty will be muntamed whereas the undigitilized ptrent with
mpid fibnlliton will often go into cardiovaseulir collpse and pulmo
nary edema

The importance of proper anesthesin given by 1 competent anesthcs)
ologist cannot be overemphasized  The mereased safety of thor wcotomy
1s i hirge measure due to our mereised knowledge of respiratorv physi
ology and anesthesta  The anesthestologist has mamy things to witch
forandtodo The level of anesthes? must not 1bohsh the cough reflex
and vet must be deep enough to allow manual control of respir tion 1t
Ml times  Removal of secretions by suction 1s they iccumulate 1 vitilly
mportint nd the patient who 15 wet throughout operition should be
bronchoscoped at the end of the proccdure  Adequate manual ventila
tion of the lung 1s necessarv to prevent the development of respiratory
tedosts whach 1s difficult to detect when the pitient 1 getting hugh
oxygen mixtures and cwrbon diouide wccumulition 1s not 1ccompanted
by hypowia and cyanosis A discusston of the virious anesthetrc 1gents
being used to 1chteve these results and carrs the pattent safely through
operation 1s not wathm the scope of this chipter but the mecessity of
having proper anesthesta will be echoed by every thoracie surgeon

SURGICAL TECHNIQUES

It 1s not our intention to discuss speaific technicnl detuls of removing
alobe or 1lung  These are well described n manv papers and books on
the subject

Only 1n very few cases of lung cancer does the surgeon know pre-
operatnely what procedure will be requred An adequate surgical
procedure 1s one that removes the tumor and 1s much of the lvinph
drunage Pithways as surgicilly fewsible  Many cases tre of an explort
tor - ent’ For this rcason by for
the erolater1] thoricotomy with
res The mcision curves wound
the scapular angle and extends anteniorly along the course of the nb
and the pleur1l cwaty 15 entered through the nb bed  This approach
fives safe adequite exposure for amy procedure tht might had to be
done  The use of tercostal mcisions s discouraged becawse of the
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looped with hgatures and the main stem bronchus cleared of tissue at
the contemplated Line of resection before any vessels are tied Thes will
establish beyond doubt that the lesion 15 resectable The vessels are
tied right at the pencardium usually the artery first The level of
bronchial resectton should always be at the tracheal bifurcition so that
no blnd pocket remams  The proumnl bronchus should not be handled
or camped m any way It 1s closed with fine mterrupted silk sutures
which draw forward and 1pp the posterior L bron
chus and the antenior cartiliginous portion  The closed bronchus 1s
tested for leaks with saline and then covered with a rectingular flap of
pleura which remams mtrct 2long one margn to assure vuabihty Thus
techmque remoses all the lymph nodes at the hnlar level Suberrnal and
paratracheal nodes must be removed separitely  After pneumonectomy has
been completed the cavity 1s ninsed out with salme particularly tf the
tumor has been exposed in takmg o biopsy  The chest 15 then closed
without drainage and after the patient his been returned to the supine
position the pressure in the pleur1l space 1s adjusted shghtly to the
negative side

Vanations or evtensions of the standard pneumonectomy have not
altered cure rites significantly  kuklin his described the routine use of
mtrapencwdial hgation of the pulmonary vessels VWatson has outlned
the techmque of a so called radical pneumonectomy m which the sub
cannal and paratracheal tissues are removed en bloc with the lung  In
practice thys 1s dufficult to accomphsh for frequentlv there 15 not enough
tissue around these nodes to effect a true block removal  Also the inct
dence of bronchopleural fistula 1s increased because of the extensne
Stpp g of the broncheal blood supply the procedure entuls  Gronqust
m a study of 16 cases of combmed lung and chest wall resections found
that the ‘only long term survivors were those m whom the chest wall
extension was stll Jumited to mvolyement of the panetal pleurn  This
would indicate that extensive chest wall removl 1s unjustified  There
have been sporadie reports of extended survival in cases usually clwsed
23 noperable by the accepted criterta  Chardach reports 15 year survival
after mdical resection and x riy treitment for 1 supenor sulcus
carcinoma  These unusul eases do not idieatc that these lesions neces
sanly should be treited surgically however for the growth pattern of
tamors 15 too unpredictable  Every large thoracic surgical service his
on fle 1 or 2 eases of praved cancer that survived 5 yeirs even though
PO treatment was gnen wnd Blides wnd McCorkle have reported the
Spontaneous of 1 b hog, CcIn!

The question of dotng lobectomy rather than a pneumonectomy for
small penipheral carcinomas has been debated for a long tme  Most
l“lrgcons are of the opmion that the best opportumity for curing cancer
St do 2 Large operation for a small tumor  These surgeons do Jobec-
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to proxemal stump will at times enable the surgeon to save a lobe  Bron
chial adenoma 15 a malignant tumor however and must be totally
extrpated  With epidermoid carctnomas adenocarcinomas and undif
fesentiated tumors the standard wide resection should be done
In the earher days p was p d by

or delayed thoracoplasty as a routne It ws later shown that nature
would take care of the space problem but at the expense of causing
some degree of overdistension of the remaming lung  In the patient
with a low respiratory reserve a thoracoplisty done about 10 days after
resection may prevent the later changes of overdistension and cor
pulmonale It 15 not recommended for all cancer cases however bectuse
the low percentage of long term surinals does not justify ats routine
appheation

SURGICAL PALLIATION

There are 1 number of ways i which the patient with incurible lung
cancer can be helped surgically  Resection can be done leaving some
ares of unresectable tumor  This type of surgery 1s certamly justified
if there 15 reasonable assurance that bronchopleural fistula or infection
will not occur that 1s if the level of resection 1s 1 relavely “clean” one
Removal of tumor at all costs or resection of large portions of the
tracheal w1l or auncular wall 1s not good pallhative techmque  If at 1s
found that the patient cnnot be cured lobectomy rather than pnenmo
nectomy should be done if possible Lobectomy m peripheral cavitarv
tumors will give mrked relief by eliminating the fever and foul sputum
Pleural metastases with effuston cwse dyspnea and dram the body pro
tem stores and should be trexted with intrapleural injections of mtrogen
mustard or radicactive gold If this method fails thoracotomy with
removal of the panetal pleura 15 1 highly successful way to control flud
formation  Chest wall pamn from tumor mvasion can be relieved by
Intercost1l nerve neurectomv  Intractible singultus from draphragm
or phrenic nerve imitation can be elimmated by cervical phremcectomy
Surgrenl pallintion for the supenor vent caval svndrome bypassing the
area of block with an arteri1l heterograft has been described by Ashburn

POSTOPERATIVE CARE

Postoperatu ¢ care after pulmonary resection for cancer 1s no different
than after resection for bemgn disease except tht more close supervision
1S required since a majonty of the pahents are 1 the older age group
Remov 1 of secretions 15 wvitally mportnt esther by cough or by periodic
endotracheal catheter suction (Fig 141) Patients with borderline
respiratory function should have a tract done hodu:
and mucolyhe agents m nebulizer form will md 1 raising secretions  1f
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excessive chest wall pam prevents effectne cough, mtercostal nene
blocks should be done rather than depress an elderly patent with
excessive narcoties  After pneumonectomy position of the trachea x
important, and any sigmif shift d d climically or by v ray exam:
nation must be corrected by removal of flud or air - Oxygen should be
gnven durmg the early postoperative period to assure optimum oxygena
tion of the myocardmum If cardic arrhythmias do occur, the patient
should be rapidly digitahized if this was not done preoperatively Fre
quently, as the oxygenation 1s improved, the rhythm wall spontaneously

Fic 141 —\lethod of catheter aspration of the trachea

a few days qumdine should be

marily by vigorous me1sures o
(=} excessive

ng the

revert to normal If 1t does not withmn
used High fever can be controlled pr
Leep the lungs clear of secretions Elderly pitients tolerat: :
elevations of temperature poorly, and at tumes it 15 necessary to r; g
temperature down rapidly by the use of aspirmn or akohollsgoui <
When surgery 1s performed 1n the summer the use of a cooled O¥YE
tent 1s of great help in preventing hyperthermia

Gastromtestmal and fuid balance problems are usually not st e
pulmonary surgery Acute gastrc dilatrion occasionally gccurii ! :v a!:d
1s manifested by progressive shortness of breath and tacl ;r‘c/atrh o
there even may be cyanosis and Iowered blood pressur«; ]dl\)eg(ﬁkeﬂ
suction the patient wall very quickly recover Care shou!

een after
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not to grve too much blood and mtrayenous flud 1n the early postopera
tive period because of the posubility of maitng pulmonary edema As
a general yule i patients who have pulmonary resection do better and
have fewer secretions if they are kept a bt on the “dry side
There 1s &0 question that the d of p Y p

after lung surgery has been lessened by the routine use of tntibiotics
We fesl that the combmnation of pemeillin and streptomyan for 5 to 7
days after surgery 15 good prophy laxis

RESULTS OF SURGICAL THERAPY

The technrcal advances thit have been m1de i pulmoniry surgery
during the pst 25 yews are murrored m the diummshmg operative
mortality rites  During the period 1933 to 1940 the mortality from
pneumonectomy hovercd around 50 per cent From 1940 to 1950 Rienhoff
reported 4 mort1lity rite of 24 per cent Smnce 1930 tt has contmued
to dechne  Kirklin and Clagett report 69 per cent operitive denths m
a group of 233 cases dove dunng 1951 1952 and 1953 The rate at the
Barnes Hospital St Louts \hssoun for the same threc yer penod
was 8 per cent

The figures for overall cure rate of lung cincer on the other hand
have shown a discouragimg hck of wnprovement Table 17 ponts out

Table 17

Source Tulane Jefferson Va0  Orerholt  Barnes  Tolal
i e s
Period 19353 1946-53 1943 40 1932 51 1949 53
Yo Caes 1170 232 67 “33 1008 4210
Ter Cent Explored 52 71 £ 62 60 59
Per Cent Reected 33 39 24 7 B3
S3r Survnat

©, of all Rescetions 14 22 — 2t 21 19

% Resected for Cute 31 12 87 34 39 37

o of Total Cases B o & 5 9 8

severt] rersons  Out of a total of 4210 cases collected from 5 large
clinies only 59 per cent were evplorable  This me s that 41 per cent
of the patients alre v hrd some enen of awoperability when frst seen
by the surgeon A further £5 per cont were non resectable at the tme
of evploration so thit witimtcdy only 1 pinent out of 3 (34 per cent)
had  lesion which w s resectable A bretkdown of these percentages
1 recent years daes not ndic ite that the size of this moperable group 1s
dmimshing  In Overholts series the werage time 1 from the imtial
munfestition of the tumor etther symptom or x ray shadow to thorac-
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otomy vaned from 67 months to 115 mouths During the last 10
years this delay peniod has not shortened as one would have a right to
expect with the smereasmg use of x-ray, cancer education, and other
factors, but has actually lengthened somewhat because of the confusmg
Symptomatte amprovement frequently seen with antibiotic therapy
Five-year survival figures throughout the country are about the same
Of the contracted group of patients who are explorable and resectible
for cure, about a thurd can be expected to be alive at the end of 5
vears  When resection for cure and for palhation are grouped together
about one ffth of the patients will survive 5 years  This number of
survivors represents only 8 per cent of the total cases scen at the
outset  The widespread use of chest films, a high index of suspicon
and early thoracotomy will serve to gve more of these unfortunate
indviduals a chance for surgical care

Stuches relating the lustologreal cell type to survival show that epider
moid caremoma had the best prognosis of all excluding bronchial
adenoma  Kirkhn et al found that 12 per cent and 11 per cent of epider
mosd and adenocaremomas, respectively, survived 5 years, whereas only
08 per cent (1 patient out of 121) of the small cell cancers hived s
length of time Overholt reviewed 51 patients that survived 5 years
after surgery and found the same favorable trend with squamous cancer,
but also noted that n 9 of the 51 patients, or 1§ per cent, the tumer
was undiffcrentiated, ndicating that even this hustologic type of tumor
1s surgacally controllable

One phase of trewtment which has not been fully explored 1s whether
combinations of therapy, 1 ¢, surgery and high voltage roentgen them]g'é
or surgery and mtravenous mitrogen mustard therapy wil improve !
survival rate over that for surgery alone
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Chapter 12

Radiotherapy

HaroLo W Jacox, MD

Rabicar surgery, whether by lob or total p 5
generally accepted as the most hopeful means of a permanent cure for
bronchiogeme carcmoma  But surgery 1s apphcable only to a small pro
portion (of the apparently increastng number) of pitients with ths
disease  Moore reviewed 370 case records from the Columbia Presby
terran Medscal Center, m New York City for the 10 year period from 1940
through 1949  Eighty-seven (or 23 5 per cent) underwent resection of
the 31 patients resccted prior to 1946, 4 were altve m 1950-2 13 per
cent 5 year survival rate Of those patents who undergo resection, 2
sizable number will later have local recurrence or distant metastases and
will be candidates for radiotherapy ~ Other writers hmve reported smilar
etpenenCeS

Radiotherapy 1s bound to play 2 Jary role m the

this disease since the usual treatment 1s complete surgical removal bued
on early diagnosis Radiotherapy 1s important, however, as an attempted
curatrve measure for those whose medical conditton will mot penmit
surgery, and as a palliative measure n the other mstances For evample,
records of 33 patients who, although selected on cntena for operabilt,
received radical radrotherapy only, showed a survival rate comparable]*ﬂ
surgcally treated cases (Smart and Hilton). In another instance xmat\;‘
mg 66 patients with carcmoma of the bronchus, a chmeal evperlmt?'l:he
attempt to combine radotherapy with later rescction resulted ll:l o
tumor being eradcated from the chest n nearly Imlf‘ the cases, altﬁo:;.h
there was a high il of emg an P “'YI Zall
(Bromley and Szur) Such evidence shows that irradiation cgn o\het{
steriize” a sigmificant propostion of operable Jung cancers, ut -
distant metastases are considered, the total results indicate no 3‘mP"°Vl.
ment This conclusion has also been reached by others Ina hcontr:m
group of 125 patients from the Mayo Chnte (Leddy et nl‘) “1010\"; .
treated with neither roentgen therapy nor resection, none ‘;’lel‘ls mgp
than 1 year after the dragnosis was made In another group 0h phvice
erable patients treated with x-rays, 25 lived 1 to 12 years nfte:}'] the et
sis  The value of radiotherapy as a palhative measure 1 t 1sl['ge nd}:ul
250 patients with proved primary bronchiogenic carcinoma 3§ 5¢

(281)
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PALLIATIVE THERAFY

Although 1t begins dealing with the disease m an advanced and un
favorable state radsotherapy 1s a valuable palhative measure the most
effective of all for symptomatie relief  Cough expectorition hemopty
sis pun and dyspnea miv il be rebieved i vanng degrees by radmtion
Rehef of hemoptysis ts frequently obtamed although it occastomlly
returns  Cough is nearly alw ws lessened and sometunes relieved  Relief
of dyspnea 15 more varable  Also hulr medrstinal nd peripherat
tymph nodes m1v be reduced m wize 21 supenor ven c1val compression
syndrome my be relieved obstructive pneumonstis may be resolved
parenchymal nfil may be d hed  pathologicil it
fractures miy be heved 1nd 4 feelng of well hemt miy be restored
This 1s smmidar to what hippens i many other condittons—such s errdro
vascular renal and peuropsy chritne disorders—for which onlv pathation
< be cxpected

METASTATIC LFSIONS

The pain of esseous metastises 15 usually rebesed by 1 short intensive
course of daily rocntgen theripy requinng 1bout 2 weeks nd m some
tustances recaloification of bone destruction occurs L un due to direct
osseous evtension of the neoplism » less constanth hedped  Pahents
with pleural effusion e mproved only occistontdly  Response to
smtrapleural mtroduction of radivactive collod 1! gald or mutragen mustard
to help retard the re accumulibion of find 1s virnble  IF the imtial gen
eral condition of the patent 1s poor there ts Lttle lhebhood of much
palhation from wny form of rudntion  Ako ot » usuilly rmpossible
beforehand to tel} which pitients are hkely to hive good svmptomatic
response ar long sanvinal - Intracrinnd metistases quite frequent 1 this
discase are often drimaticlly reduced to n asymptomatic status

Some radotheripists believe thit—wsthm tissue toler ince hmntations—
the lasger the dose the longer the survinal but this 15 difficult to prove
Craver analyzed results obtuned 1n treatmg 142 patients with roentgen
rays and 14 wath raden or radium element pack and found the roentgen
raduation more effective than radiun  He nated that as the tumor dose

Fie vears survival occurred m 53 per cent 1 sursived 122 vears 2 4%
years 1 3yetrs 1 2vews 1 18 months 5 6 months nd § less than
8 months 1t 1s genertlly beleved that the husher the tumor dosage
the greater the pallutne effect  Good palluation 1 seldom achieved
tnless the dosage 15 at leist 2000 ¢ and 15 uncommon with doses of Jess
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and skin reactions are na longer a problem  For Jocalized squamous el
caremnoma an attempt 1s mde to delver o tumor dose of 5,000 to 55001
usually within 7 to 8 weeks through multiple portals  For anaplistie
carcmomas a 4,000- t6 4,500 r tumor dose covering the entire mediistinum
1s given m the same or shghtly less time Although the pallntion mn
be greater, the brological effects and the number of survivals are about
the same as with conventional voltage range and methods  This means
that pabents can be treated about as well i community hospitil
lackmg supervoltage therapy as they can m Inrger medical centers
Nothing can be gained by supervoltage therapy that cinnot be obtamed
by careful planning and treatment application at deep therapy voltages
In radeal treatment a circumsersbed growth 1s exposed to localized
Ingh dosage 1 the double hope that the growth my be destroyed and
that no metastases cvast Radical irradintion usually mewms an mtensne
daily course of treatment to a tumor dose of 5,000 to 6,000 r over a
pertod of from 4 to 6 weeks This my result 1n less constitutiom] reie-
tion, and the rish of damage to neighboring structures such as the heart
and esophagus may be greater  When the treatment fails to control the
disease, hfe may be shortened because of the severe dimge to the
tumor bed and the loss of resistance to the growth  However, m those
patients wha develop pul y radiation !
usually can be controlled by cortisone or Metrcorten
Where the ndication 1s for vide coverage of primary tumor and regioni!
metastases, the local dosage must be lower and the technique Jess evact
ing, so that there 15 no advantage gamed from megaoltage theripy
Palhative treatment mav be ndicated even in the presence of generalized
metastases where local masses are causing pressure effects and some
growth restraint can be expected  Even with the most careful handing
some constitutional effect of treatment 15 mevitable, and the change and
degree of benefit must be carefully werghed when deciding whether to
treat at all in advanced cases The discomfort and time required for
freatment must be balanced agamst the expected duration of hfe and
the degree of likely benefit Unfortunately, supersoltage radsation o}}er:
nothmg curative in lung cancer, although there 1s evidence of sxgmﬁmgf
palliation  Traces of prmary tumor were found at autopsy n each

a small series of patients who received tumor doses of from 3,500 ‘h‘:
7500 r 1 18 to 35 days (Watson) There 1s no difference 1 d
cancerocidal effects of 2,000 Kv, radium, cobalt™, or 250 Kv ”d”m;;'
From the Ip of resp to cancer of the Jung 1s el )f
several dtseases rather than a smgle disease  The squimous-cell type ‘;I
cancer of the lung 15 presumed to be as sensive as srpn:rrn;ms:;"v
cancers in other parts of the body, but because of the nzture of the Iung
tissue, t e, the tumor bed will not tolerate an intense radition effect

, symy
mn proper dosage
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Chapter 13

Adenoma and Cylindroma

Wines the cuse for the sudden appearance 1nd ligh meidence of
cancer of the lung 1s debntable the reason for the abrupt emergence and
growmng merdence of adenoma of the lung has as yet evoked no argumen
fation It 15 umversally ~dmitted that this “new” disease owes s
“discovery” to the new diagnostic method bronchoscopy  However the
reason for the fulure in the pist on the part of pathologusts to recognize
M postmortem cximination this presumably “eye catching” tumor has
never been expluned It can be conjectured th1t because of a Jich of
knowledge on the part of the clmician the pathologist wis not afforded
the opportunity of observing cises after denth  Another possibility 15
that the severe lesion of the lung to which patients with adenoma of
the bronchus usually succumbed nbsorbed prthologssts to such an extent
as to divert their attentton from the bronchral polyp” The dictum
attributed to Gocthe thit we see only what we know may be apth
apphed 1 this crse As 2 matter of Fict tubereulosts of the Yarger bronchs
which accurs in tuberculosts of the lungs with considerable frequenty
s identified first by clinterans and bronchoscoprsts and only much Jater
by pathologsts .

Although bronchinl “excrescences” of 1 polypord nature were mentioned
by Laennec in his tretise on auscultation credit for the first dcscnptm"ll
of adenoma of the bronchus belongs to Mueller In 1882 he discovere
the tumor dunng an wutopsy on 1n individual who hd died of cm;
sive unulatern] bronchiectsis accompanted by a putrsd mfection of the
lung  Mueller ponted out that the disease of the lung had resulted from
the obstruction of the bronchus by the polypord new growth

Yankauer described 2 cases treated by him one m 1922 and anothE;
1n 1929 The htter case concerned 1 man 30 years of age whe )“‘(
developed 2 stubborn pain m the right side of s chest The[?‘:l::t
was subjected to phrenicectomy with some relef from the Pm‘“ ed“ o
from the cough  Bronchoscopy revealed 1 grayish pedu}r:cu It o
plasm occluding the bronchus of the right middle lobe  The tum

i 3} picall I m cure o

Patterson found that 26 cases of this type had been reported :}Psi
1930 16 of which had been dnignosed durnng Ife and 10 at au cinf
Kramer and Som found that bronchial adenoma occurred mn 6 per

(200)
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Chapter 13

Adenoma and Cylindroma

Waie the cause for the sudden appearance and high imcidence of
cancer of the lung 1s debatable, the reason for the abrupt emergence and
growing inctdence of adenoma of the lung has as yet evohed no argumen
tation It 15 umversally admitted that this “new” disease owes its
“discovery” to the new diag; method, bronchoscopy  Howeser, the
reason for the failure in the past on the part of pathologists to recognize,
at postmortem evamination, this presumably ‘eye catching” tumor has
never been explained It can be conj 1 that, because of a lack of
Anowledge on the part of the chimcrn, the pathologist was not afforded
the opportunity of observing cases after death ~Another possibility 15
that the severe lesion of the lung, to which patients with adenoma of
the bronchus usually bed, absorbed pathol to such an extent
as to dwvert therr attention from the bronchial “polyp” The dictum
attnibuted to Goethe that “we sce only what we know” may be aptly
apphed in this case As a matter of fact, tuberculosis of the Irger broncht
which occurs 1 tuberculosis of the lungs with considerable frequenc),
was 1dentified first by climerans and bronchoscoprsts, and only much later
by pathologists

Although bronchal “excrescences” of a polypord nature were mentioned
by Laennec m his treatise on auscultation, crecht for the first desenption
of adenoma of the bronchus belongs to Mueller In 1882 he discovered
the tumor during an autopsy en an indwvidual who had died of an exten
sive unil 1 bronck 7 d by a putnd infection of the
lung  Mueller pomted out that the disease of the lung had resulted from
the obstruction of the bronchus by the polypoid new growth

Yankauer described 2 cases treated by him, one in 1922 and anather
1 1929 The latter case concerned a man, 30 years of age, who h“:
developed a stubborn pam m the night side of his chest The ]7‘1“““t
was subjected to phremcectomy with some relief from the pawn, but nz‘
from the cough ~Bronchoscopy revealed a grayish, pedunculated n:ns
plasm occludmg the bronchus of the nght mddle lobe The tumor ¥

1 bronch 11

ly, ltmg 1n cure o
P

Patterson found that 26 cases of this type had been reported :“Ps\
1930, 16 of which had been diagnosed dunng hfe, and 10 uﬁt au o‘zm
Kramer and Som found that bronchral adenom? occurred tn 6 per
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Types 201

of all bronchial tumars and Clerf and Bucher observed adenomas n
12 per cent of their cases  Churchill stated that the rtio of bronchnl
2denomas ta bronchinl careinomas unproven microscopreally 1s 1 to 20
and the ratio to bronchnl cremomas proven mrcroscoprcally 15 1 to 10

Of all the bentgn bronchral neoplisms adenomn is probably the most
common

HISTOGLNESIS

It 1s unwversally accepted that 1denoma 15 1 neoplism of bronchil
engin hut the particatar cell from whech it starts remains a matter for
specul:tion  Some observers have traced the ongm to the cells of the
bronchrl mucous glinds others to the cells hnmg the excretory ducts of
the ghinds and still others to the basal cells of the bronchial mucost
Womtch ind Graham hwe stated that bronchinl adenomu onginates in
anlages that hwe failed to develop normilly  In therr opinton there
eusts a similanty of hehavior and in some respects of orgn of bronchial
adenomt to the mixed tumors of the puotid Jind  Accordmgly the
adenoms were designated by them as mived tumors of the lungs

TYPES

There are many vinettes of bronchnl adcnomis but the followmg
two are of prrticulyr chinieal mterest because they wre most frequenthy
«ncountered  They are

1 The carcamond type
2 The cylndroid type
Carcnord Type—THistological ~The tumor 15 defined 15
©iretnoid becuse of its lastolo tetl resemblince to ¢ wrenord tumors of
the small bowel An adenoma of this type 1s composcd of somewhat
osal or o1t shaped cells which resemble the oat cclls 1 bronchiogenic
©incer  The nucleus almost entirely fills the body of the cell  The cells
arc ringed n 1 quast acintr fashton piled up  several Iners with
brely perceptible Jumint  The structure of the stroma depends upon
the age of the tumor In younger tumors 1t 1s made up of finc fibers
rupning between the clusters of eclls n older tdenoms there accur
wuder arens of fibrosts scattered throuthout the ttmorous sectim  Sull
older adenoms show eis of necrosis ossificition 1 hyalimzatron
The growth 15 nchily visendinzed

Adcnonis of the cranod tpe are surrounded by a thm fibrous
@psule which 1s covered by & metiphstic epithelum of e bron
il mucost an the ity bronclial component  The neoplistic eells e
not been pbserved m mutosts nor lave thes been known to i ade the
“psule (Frgs 142 and 143)
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Cylindroma Typc.—Mlcroscoplcnll), the tumor matates the Justologtea)
pattern of a colld gotter. It is made up of cuboidl or fattened
epithelial cells which pre arranged m two hyers and form mterworen
coil ke structwres of eyhinders (hence the term “cyhindroma’ ) tht
contam a homogencous hyaln and mucold matter. Colls in mitos:s are
oceassonally found

L g ,
o
Fie 142—A endobronchnil adenoma {arrow), B~ cross sechon of entire fur
alled off by the cartilrenons ring at the bie

to

Macroscopyeally, the cut surface of the neoplasm has been h;:cf:dﬂm
the pittan displayed by the cut surface of Swass eheese |n i
caremaoid type, the cylindrord type is surrounded by a fbrous ‘QI P1 ol
Cylindromas resemble some types of mised tumors of the parotid g
(Fig 144)

Macroscopic appearance
cyhndroid tumors is almost alhe {Frg 150) -
the caremoid type hies m the tendency of a great 1,1\ )Jmfm e
tumors to advance n two directions () lt)) m;x;(rl‘dt‘;; :ll e g

a 2) toward the
P ('"t’nlumln.;‘]l‘)u:"(:n( h)nur;lass or dumbbell Ike growth 1

d
- appearance of cwonad an
e i A cacdml ferure of
of these

(smtrapulmonary)
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Fic 143~Carcino d type of alenoma A low poser B hgl power

formed which 15 constricted as thouch by 1 Lgatare at the powt of
ongin of th tumor i¢ n the w il of the bronchus  The intripulmonary
component of the tumor often attuns the size of a hens egg while the
mtriluminil component (probably bectuse of space Iumitation) rarely
exceeds the size of the bronclnl lumen - Some ciremord tumors expand
wlong the wall of the bronchus and produce a so cilled “mtramural
adenom1 ™
In sts carly stages (Fig 142) the tumor appears 15 1 sessile mammil

1y projection above the surfwee of tle bronchial mucous membrane
1t does not erode the mucosa as cancer docs, but fts 1t and remains
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covered by at mdefinitely

The cells of the mucosn usually undergo

t metiphistic change and the bronciual Iming appears as a stratifed

sqtimous epithelium

.\.
a.?"'-'u;

facc of (hc tumor shov\
—Cyhndroud type of bronct nl adenoma A cut surl
fie 1 m[? };;n"r:);:t I{rl:)nchu] hong B be histology of the cyhndroma

istuall

As the tumor grows its constriction 1t the b'\s:! ‘Ii::::l :md thz

unchinged while the two components re the mtrr namposed b

mirrpulmontry slowh but steadily meretse mn size o
the emvironment the mtrapulmonary tumor takes on a
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oval shape  The mtrabroncheal tumor, molded by the bronchual tube,
assumes 1 pynform shape thit gradually becomes pedunculated hang
g from the constrieted attichment like the clapper of a bell (Fig 150)
It usually projects upward toward the trachea because of the expulsive
effort of coughing,  Ultumately 1t flls the bronchial lumen and f Jeft
s sttt wall didate the bronchual wall and praduce 1 sacculation (ectasia)
When viewed with the bronchoscope 1t laoks hike an mflamed, bulging
cardrum crossed by numerous tmy blood vessels In color it s gray,
pink or gravish pink - Although 1t show s o erostons 1t docs show cozmg
which 15 probably due to inadvertent traumn caused by the mstrument
or by stretchmg
Drssimifanities ~In vddition to thewr histologscal differences the 2 types
vary m many other respects These may be summanzed as follows
1 The bronchus mvariably 1s the site of origmn of the caremond type,
while the cylndraid type m1y arise in the trachet as well
2. The ctremod type anses either i the mun stem or m a lobar
bronchus n about 95 per cent of cases while the cvimdrond type wises
m these sstes 1 only 65 per cent It has been stated that the upper Jobes
are rarely the seat of either vanety (Rexd reported 2 cases as did
Faterlme and Schoenberg )
3 The carcinord type has 2 shght predilection for the female sex
while the eyhindrord type has no sex prediection
4 The average age of the patients 1t the oaset of symptoms 15 zbout
35 10 the caramond type and 1hout 40 i the cylmdromn type
5 The caremoid type to Wl appearinces 15 a bemign ncoplasm It has
not been observed to break mto the arculition has rwely metastasized
to distant organs and has rareh recurred iter removal It has not been
affected by radittion and his not been known to cause constitutional
symptoms or death It 15 surrounded by ¢ capsule and like other bemgn
tumors 1s expansive but not masne
6 The eylindroma type has revealcd mahgnant features  Rewd found
metstises 5o 14 out of 50 ¢ases studied  In 6 cases the neoplasm had
recurred and 1 7 cases desth was caused by the spread of the tumor
Lntcrine and Schoenbersy found metastases i 32 per cent of thewr cases
and recurrences 7 times anore often thin m the carcnond type  They
alo noted thit the evIimdrom type cwsed death 7 tmes more often
thin the ciranod type  In 87 cases culled from the hteriture by
MeBurney wnd hus assocrates 468 show ed metast ises wa the regeonal lymph
nodes 1 the other 41 cases the metrstases were found in'the visceral
argans chuefly w the huer 1o 14 erses the adjieent osgans were inalved
Uy dircct extension However the metistases ocenrred late 1 the course
of the distise and wise not m evidencee for § or more ye s after the
appewrince of symptoms  \orcover in 7 fatil cases the average durtion
of ife was over # vears daung from the tme of the onsct of symptoms
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Patients survned for several years after the apperrance of dista
metastases

7 Unlike the caremond type, the cylindrord type 13 considered
neaplasm of low grade mahgnancy. It has been observed 10 times le
often than the carcmad type—an merdence of about 1 ta 0 of ¢
benign bronchial neoplasms

CLINICAL MANITESTATIONS AND DIAGNOSIS

Like other benign, as well as mahgnnt tumors, bronchial adenom
passes thraugh a “slent” (prechnical) stage  Some adenomas, putia
larly those of the peripheral type, reman asymptomatec *from the cradl
to the grave ™ In 2 of my awn cases, adenomas of considerable sue
which were discovered at autopsy, did not yield symptoms at any timc
However, the majonty of them begin to mamfest themselves lang befon
the development of irreversible pulmonary chinges It 1s of the utmos
wnportance to dragnose and to eradicate the tumar before complication
set i In the carcmoid type the average age at the onset of symptom
15 about 35, n the cylindroma tpe, it s about 40

Clinical Phases—It 15 well to dinide the clinrcal course to thie
phases (1) preobstructive, (2) intermuttently obstructive, and (3)
permanently obstructive {Table 18)

Table 18. Salient Diagnostic Features

Chmeal Vanfestations

Thyrd Phase
Farst Phase Second Phase Conytantly
Age Sex Site Preobstructice Obslreciie Obstrurtie
. - e ——
£0 55¢,  About  Dry ormoder~ Cough hemop-  Atclectastt of
to m the 0% ately productine  fysis, wheeze m  lung dngal to
85c;  female onthe  cough, ocer- chest, securrent  ohstructon,
under nght  sonal streakwg  “oolds,” pnew- bronchiect 1~1%
0 side  of sputum with  montss wath putad abees,
blood 1nter- pyrexit, punin  en pyema, ¢
muttent respurge  chest shitationad
tory infections symptoms
oceasional
wheeze
Of the two components of the adenoma, 1o, the mt ﬂ"‘i

the ngrabronchial, only the latter manifests atscif chm
probably occur at the st e diserse, due, not
adenoma per se, as fo th the bronchus that «
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nuw growth  They consist pumandy of a cough mduced by the ahen
struttlied squamous epithelium that replices the pormal hning of the
bronchial mueos1  Uhanges in the mucos? are mvanably accompansed
nd possibly preceded by changes w the submucosa 20d the muscul s
mucost

Clievalrer Jackson described the bronchs 15 1 “bving moving fabyrinth
of resithient tubes which chunge i diymeter length and contour with
sespation Changes in the structure of the bronchus letd to Joss of its
resihieney and mmpurment of sts dynimics This cruses the persistent
tussive effort  Cough is an moprent mantestatton of the benign as well
as the mthignant tumor of the bronchus It 15 such a common symptom
that 1t 15 usiilly disregarded or else it 1s treated with remedhes that
lesrite the symptom bt not the cause

Since the branchues s an wseprable put of the pulmon try parenchym
the “restltent tube” tlfection 15 mvartibly followed by an ymparmment of
the respritory aind defensive® functions of the segment or lobe of the
L, supplied by the diseased branchus — The fungs become a ready prey
to infection  Patients sporidicilly suffer from rttacks of bronchopneu
monstss { “recurtent poeumomtis) wd whle thes 1s bemng treated symp
tomatically the wdiscovered duse ise pursucs 1ts relentless course

Ydenom has been compared with i iceberg since only part of st s
visible on the surface and Iike an wceberg, its advince 15 vers slow
The chrome nature of the dhsetse 15 aggravated by the multiphety of
the reeurrent episodes of pulmonnry mfection which ultimately leads
to mndwrative preumonttts bronchiccttsis putrid abscess ind empyema

Hlemoptysis ~Hemoptysis which occars brupthy nd often copaonsty
» wnother mansfestition of the preabstructne phase of the bronchnl
wenoma Formerly this svarptom wos attributed to tubereulosts and
pitents were referred to tuberculoss sumtona Cases 12 and 13
are Mlustritave In errenomn the bleeding which 1s of parenchyml and
nat bronchud angn 1 razcdy abundant Usmally 1 1100d streaked sputum
s found bnt frnk hemoptysis 1s rare  In adenom the biceding may
reich 1 dangerous pomnt 2t tmes  F aahtics cuned by profuse hemor
thage hve beun obsened during the performance of bronchoscopic
cununations

Wlece -\ wheenng soond howd 1a one slde of the thorn wlale the
Prtents mouth is open ss due ta the passage of the current <f respiratory
utr through a4 nareaw chinnel maist enough to cause bubbling (Jickson)
The sound 15 10 ummst ik bl stzn of almost complete olntruction  The
sornd disappeirs when the obstruction becomes comphite  Wheezing
i heard i sirtnally eveny progressinch obstructive disease of the bron
< pulmonany trec wnd 15 deed A cardinal st n of prtral obstruction

*Frd B Al Tle lungs an the macrophage system, Arch Path 17 “6 1931
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m bronchial adenoma  When a patient relates that he has become
aware of a wheezing sound m s chest, 1t 15 well to remember Jackson's
dictum that “not all)s asthma that wheezes ”

Pan 1 Chest —Patients with bronchial adenoma often complamn of
pan m the chest The pun usually accompantes the mfection of the
lung (pneumonttis) and of the pleura

The d signs and sy P , whether combmed or separate,
should prompt the physieian to search for an merabronchual lesion A
correct diagnosis 1s usually attamable by the use of the laboratory tests
to be described later on

Age —No age group 1s immune to the tumor, but the highest maeidence
has been obscrved m persons between the ages of 30 and 40 The carcr
noud type of adenomr has also been found m children and mn young
adults  Adenoma is rarely scen at the age pertod whien carcmomn oceurs
most frequently

Sex —Cancer of the bronchus occurs m an app 90 per cent
mcrdence m men, and m only about a 10 per cent merdence m women
In adenoma the difference between the sexes 1s very shght, e, 45 per
cent meidence 1 men, and 55 per cent mcidence 1n women  The age
and sex incidence of the carcinod type seems to support the belief that
carcinoma and adenoma of the bronch: are unrelated neoplasms

Site —As stated above, the carcmnoid tvpe onginates m the mam stem
or 1n a lobar bronchus m 95 per cent of cases In the remaming 5 per
cent, the neoplasm anses in a small bronchiole at the periphery u{ th?
lung, hence the term “peripheral adk 7 Unhle
carcmoma 15 observed 1n about 20 per cent of cases
type anses m the mam bronchi m about 65 per cent of cases TheI l:p?d?:
lobes are very rarely the sites of origm of either neoplism The nght s
15 the seat of the tumor m about 60 per cent of cases

I Y
The cylndroma

ROENTGENOGRAPHY
At the outset, 1t 15 well to emphasize that when a persistent co‘ugh 15
of “colds” (p ha

present, and there are recurnng ep ;
roentgenological exammation of the ches il
postenor and the Jateral s1ews should be studied  Because the a]‘:::ar)
1n most 1nstances, 1s brdwrectional, 1 ¢, mtrabronchial and 1;1!131:}\:9 denSE;
the latter will be promptly discorered As a rule, e el
shadow 1s of vanable size It s central or hular m position, 15 we

dies are help
and occasionally shows calcum deposits Tomographte st;;] ;esdx heultes

ful 1n the determination of the depth of the osfl'n:dsoo\;"hry O esion,
encountered m arnving tt a correct dagnosis oy was pomtﬂl

found 1 the mudst of the normal pulmonary parench ALY
out m Chapter 2 In some cases the roentgenologss

t 1s mandatory, and the antero-
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and 1t other times he interprets the shadow as cincer  There 15 indeed
not one feature tht 1s singuhiurly charctenstie of the bemgn adenoma

The z ray exammation should therefore be followcd by a broncho
scoprc ravestigation

BRO\CHOSCOPt

On bronchoscopic examination the appeirmcee of the leston will
depend upon the phasc of the disease ¢g  preobstructine sporadically
obstructive (sem: or partnlly obstructne) ind fully obstructne The
bronchoscopic view of the bemgn neoplasm 1s charactenstic and can
hardly ever be confused with that of a carcmoma  As stited thove the
adenoma 1 roughly round or globoid 1n shape 15 often pedunculited wnd
15 covered by 1 smooth capsule crossed by blood vessels running in differ
ent directions  Usunlly 1t 1s shurply outhned and bleeds readily  The
condition of the bronchial wall adjicent to the tumor wd the condition
of the curma 1re of equal importwce  Unlike caranom the bronchiil
tube n wlenomn retuns most of its resthiencs e the cartilagmous rm s
that are usually effaced i caremoma 1re consprcuous m vdenomr The
carin retuns 1its pornted shape unless the medinstinal lymph nodes hauve
been affected by an mflaimmatory diseise (tuberculosss )

The bronchoscopnst 15 moreover 1n 1 position to determune the exact
location of the tumor as well as the stite of the hing supplied by the
affected bronchus  With the mtroduction of tdescopic denses the fiddd
of vision that cin be reached by the bronchoscope his been widened
wnd tumors hitherto comsidared to be outude the Iine of vistn e now
weessible to mspection

It 1 impertive that tissue be removed for Instological exammation
nd tht the broncdnl seeretions be collected for ¢vtologreal studics

The bronchoscopist serves yet nother purpose  In cases where there
15 obstruction of the bronchial lumen whether by the tumor or by
mucous plug the ramoy il of the obstructing mtter opens the fumen wnd
brings about re writon of the tung

Hlustratiee Cases

Cast 12 (Fis 143 and 143) =This ¢t {1 woman 50 veirs of
2ge) o5 v ol wsical evimple of e < wreamand hp

1 The tumor w ts made up of two componcnts—mtribrenchril
nd intripulmoniny

2 The svinptoms conssted of cough hemoptyses and spor
adic colds (“recurrent pneumonitis )

3 Therapy pplied to the wtr thronchnl scement of the growth
for seven consceutre sears Fuled to cridicate the disctse but
cure, was accomplished by a lobectomy
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X

Fic 145 —(Case 12) 4, adenoma embedded i the pul hyma, B, cut

Y P
surface of the adenoma showmg an arca of necrosis

Fic 146 —(Case 13) A wedge sheped density fn the right lung due to atelectass
caused by obstruction of the bronchial Jumen



Bronchoscopy 301

4 It s typienl too by ats locrtion mode of growth and
structure

Case 13 (Fig 146) —This cse (a woman 27 yeurs of age) 15
mother example of ad i d by 1 bronchoscopr
bngn, Histelogically 1t wis an 2denoma of the carcinoud type
and chmeally it demonstrited the obstructive phase It was
typieal by its onset with cough wnd bloody expectoration and bv
the protracted duratton of the illness Here too the diagnosis
of tuberculosis was entertuned until the bronchoscopic examini
tion revealed an obstructive benmign neoplism  The bronchus
showed a quisi complete obstruction which led to telectasts

1 re >
" -y
- . o -
¢ e !’wﬁz
thb Ik
- . o
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. R e
e :
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Fig 147 —(Cuse 14) Cornorlal nomamtiel ftloserl be

of the nght upper lobe  But because of the sporidhic brancha
scopic treitment the pitient had csciped the dingeraus sequel
of bronchostenosts  Lnhke the patient m the preacding cise
m whom the diignosis of tube rmﬁms was entertuned for 1 rela
tively short time this patient 2 1s treated 1 tubcreulous for
punod of 2 years

Case 14 (Fig 117)—A enticll mlvsis <f the Justory <f 1 male
pient 31 vcars of 1,¢ supoestad that the symptoms atinbut
able to the respirttony organs preceded the dieoveny of the
tumor by only 1 few wecks  Thes were mild and did not sug
gost the presence of 1 lxmnclm}mlmm\'\n neoplasm  Thercfore
the roenteenologcil findmg of 1 ncophism of the lung was 1
surprise  The niture of the tumor e whether st was bemien
or milgnmt promin or metistitic—md fmilh whether o e
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Fic 150 —(Case 17) A a pd nculated ovord endobronc! nil ade onapo;ch 14
upwards B the acinar struy mr fd caremnod aden
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L3¢ 151 —{Case 18} A well arcumsenled rouchly round tumor n the region
of the nght inid lic and lower loles  The soentzenlogict] appearince of the st
surface of the hungt and tumor is shown in B The tumor 15 almost entirely calcified

1):.}% s

-‘- ') =
e o Ny
e (LY SEL Sigi
Eie 152 (Cas 19) The ot surfacs of the enc ipenlited adenora T e Fitodogical
structuse of the tumer

™
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not by the tumor, but b sheumate carditis At antopsy the
grow th did not appear to have chinged m size or shape since the

Er 150 —=(Cuse 19) 41 nomi at the hase of the nel tupper | be The roentgepn-
arh apps aeen o e mer 3 e cated Y amow

mduratine preumonitis



306 Adenoma and Cylindroma

8 years  She had not been exammed roentgenologically until
1935, and when a fluoroscopic exammation of her chest was
performed by her physician at the onset of the allness, it was
reported as negatnne  This report should have been accepted
with reservation  The discovery of a small tumor i the lung
with the fluoroscope requires epenence and craftsmanship
The patient was studied with diligence m order to understind
the nature of the tumor A thoracotomy soh.ed the problem

e 5

Tumor 1 seen above
an arca of hyalimzation

wathmn the tumor
ne spicnle B

Fic 153 —{Case 18) A, bone formation
the bone sprcule and myeloporests below the bor
and necrosis
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frow th did not appear to hrve changed i size or shpe since the

e 131 —(Cs 191 A) o vattebaw of b ¢ Peappert e The roent” no-
Ty alappeariace of et or is Ind cat <l 1y amow

time the bronchoscopic ¢vunmtion wis mide 3 Vs before
The pticnt had beon sufferng from an mtense congh and from
recurrent episodes of pulmoniny infections The Tung supplied
by the bronchus “hqu ws affected by the tumer showed an
mdurates e pretmonits
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Case I8 (Figs 151, 152 and 153)
woman 62 years of age, onginated m the
which it obhiterated ~ Within the lung ¢
that compressed adjy
It grew slewly and became extensnely

308

droma

—The benrgn tumor m a

wAll of a lrge bronchus
formed a sizeable mass

cent structures but did not invade them

ossified and hyalmzed

There were foce of extramedullary my elopores:s
This case 15 another esample of the bemgn chimcal course
and pathologieal pleomorphism of bronchiil adenoma.

Case 19 (Figs 154 and 155) ~The ad
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Tie 185 ~—(Cuse 19) The histological p)
accidentally discovered i a woman, 64

had been under medicl care for a cird
the tumor had caused no symptoms, or ]

and overshadowed by the cwrdine disese to
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perrnce of the tumor

yeurs of age, while she
inc disease App\rmtllv]
he symptoms were gald
which she suc-

cumbed At antopsy the adenoma was found to be well encapsu

lited and the lung around it was normal

This cse 15 another evample of mm asymptomtic,

adenoma of the bronchus
TREATMENT

When the tumar 15 confined solely tol th
therapy with radium, forceps, electrocorgulat

ot “silent,”

‘bronchoseopic

he bronchus,
tion 15 sufficient

10n or aspin
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ALUSEES SN

S Y
~ A% I Ty
Fic 156 —Sarcoma of the lung

period of ime the bronchil type by virtue of its location ulamtely
produces symptoms wlich are’ ciused by bronchnl obstruction  The
tumor can be seen with the bronchoscope but bectuse of the degener
twe state in which the growth 1s usually found the removed tissue is

rarely switable for diignostie purposes

CARCINOSARCOMA

Carcinosarcomn 15 4 neoplism thit 1s made up of tno components [8)]
a nonkeritinizing squamous cell cmcer nd (2) a connective bissue el
fib regd the tumor s 2 symbrosts of two

t  Some pr
mndependent neoplisms which htve merely collided others constder 1t

to be a single growth in which the pirenchym 1s made up of mihgnant
epithelial cells while the stromn 1s sarcomtous (Fig 157)

Be that as 1t may the tumor 1s an endobronchial growth which re
peatedly has been found to occupy almost the entire lumen of the

ol




Ly mphosircom N
branchus, frwmg spread antralumunall in a finger ke manner 0 the
direction of the bronclual branches It has alse been found to break
through the bronctual wall and penetrate the pulmonars parenchyms
thus formung an haurglass bike shape with a constrction sumilar to that
seen w 4 brouclual adenoma
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1 157 —Carcinossrcam Tumor remaved from tle Jung (Tobectomy) n 1953
ntestinal tesection for metastasis in 1931 Latient alne in December 1957

Caranostrcomi ts o moderatch mailignnt slow growing tumor Of
2 cises treated Iy pnenmonectoms 1 patrent survived for 6 vears the
other for 3xews  However on oceston, the tumor has been obscned
to reowr scseril vers after remosval I some reports it was tarmed a

pedmentite d mtribronchial polyp™ with a imited capacity for ims asion

Ths neoplisin as found i persons of cnecr age  Its ssmptoms due
to broneh il obstrection and to the enswng presmaonitis consist of cough
expectarition fover matuse and loss of waght  The deagnosis is made
an the bisis of a bronchoscopre bropsy

LIMPHOSARCOMA

Lvmphosircom s 15 1 tumor winch nsualh anses m orgins that are
made up essentiidly of lymphord tissue, as for cxample the hraph nodes
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The tumor metastasizes to different viscernl organs sncluding the lungs
The mardence of pulmoniry metastises in lymphomatoid disese 15 dis
cussed in Chapter 16 However cises are on record i which 2 lympho-
sarcom hippened to anse primanly m the lungs (Mg 158) 1t may be
well ta pomt out that the normal lung contans Jymphord hissue which s
scattered 1n nests around the bronehs and the blood vessels

i i

Fic 158 ~Sol tary benign lympham of niglt lung

he lung consists of a solitary Brm mss
tich mfltrete the contiguous P Imon [:?t
tissue  The size of the lymphoma 3 aries from onc cise to 1:;1:{:‘11;‘ "
1t hns never been observed to be lwger than 0 nrmgic —eouth
ported a case with metastises to the nibs and the Iiver ’I';'c’nmm )
visible with the roentgen rys s  round ar ov e nt (;1 e
ather clear or hazy borders No cilafication 18 prcser: et
reported by Spatt and Griyzel the x ryy picture suggestcd
lated plewssy

The patients complat
and Morrson the comp

A primary Iymphos weom? of t!
of small or large lymphoid cells w

orted by S wokahn

the case rej
nts re protem  In i e Crayeels

Lunt was chronie cough  In 5p



Plasmg toma k1N

case it was cough bloody sputum an occisiomil gnawmg pam m the
chiest and foss of waght  In the case reported by Waossman and Chnstic
it was a parsiskent cough of 1voars duron weakness dvspnoy nd a
Tass of 16 paunds watlun 2 penod of 6 months

Bronchoscom and evtoloiedd studies are not reve g The cwses
futherto reparted m the Iderture were dugnosed ather throneh a
thor wetomy or 1t titopsy

The tre tment conststs of the surgrcal semoral of the hmphoma fol
Unved by rudiothertpy Tt ss very Iikeh thr radovon therapy alone
n snffiuent to yidd a sadienl eure

PLASMACYTOMA

Plism el tumors usually origmate i the bone maron However
plismntontis man orgmate m organs other thn the bone marron
munhy m the upper resprratory tract In the Jung md m the mudiss
tinum the plismcytomt o nsindh seen 15 2 sohitiry growth round or
ov shan stupe and well demarcated [t has rirch oxceeded the size of o
golf bl and 1s made up of typicad plasm s celh

Aceordmg to most obscrvers phsm by descend from undifferen
tstedd mesenchvmal cells dthough bustola gnts trice thar ortgm to hm
phocvies alone They alo find imilozies boween phamaitomas unb
hmphovitomis 121 rdosensiisty

s difficult to dflorants e butween s phismc tumor wd 1 phama
<l graindomt Heliwag found that from the prognostic pomt of view
the lacdiaation und the macroscopie appoirance of the growth provide
bitter entona than the histolo_wl structure Extramedulin plisma
item s bue been obsened to praduce chanes in the dhectrolites of
the Noad quast simihar to mulipk pnedomss Tumors of this type
whnh bugn as homgn loebized lostons mas vamun o0 for many yours
but uttm tehy, mny of them become generilized

Woa e the pulmomin phivmacvioma producys no svmptoms
Childress ind Adie rported a ene of 3 min 27 yewrs of age who com
phuncd of a dry hking cough ind of 1 lows i waght Fhs sputum
wis blood strcaked  The phnsial evummtion provid negaene Fut
the pcnteenologienl study reveted v dense woll areumsenbed s
c mas an the are of the sght middle Jobe The mass me isured 4 an
m dimeter oxtended throuh the mtorlobur fivsure ind mvohed 1
portion of the upper Jobe  The sumorved plismicvtoms mGsund 4 X
3 3an ftwas well demard ded but nat encapaal ited

In wather crsc reported v the sime wthors the plasmicvtoma
mesimd Tann dimcter 1 hd beos ucated o the postersor meds
i On rommal the tnmor wat found to be spmdle shped and
moesured 65 x 35 X 35 cm It was surrounded th 2 capsule and was
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made up of mature plasma cells that grew n 1 vasculanzed stroma
OF climical interest 15 the fact that Iike lymphocytomas plasmacytomas
are radiosensitive

LIPOMA

Lipoma of the lung and bronchi 1s structurally stmlir to lipomas
found 1n other parts of the body The tumor ongmates from the fat
cells normally present in the mediastinal spice and in the wall of those
broncht which contmn cartilyginous plates  Whether some of the
Itpomas {possibly all) are congemtal has not been established

\fechastinal hipomns are divided mto (1) those lying entirely withn
the thoracic cavity 1nd (2) those lying partly within and partly without
the mediistinal space producing hourglass shaped tumors  The external
component of the lipoma results from the squeezmg out of a part of
the intrathorteie mass through ap ntercostal space or through a defect
m the stemum A bulge covered by the skin and the subcutaneous
tissues 1s thus formed Caises have been reported where the mtr
thoracre hpoma exther pierced the diaphragm or grew mto the pleurat
cwity some lipemas advanced toward the neck

Recley and Vana reviewed 82 cases reported the hterature from
1940 to 1955 Of this number 48 were mediastinal Jipomas confined to
the anterror medwstinum 18 were of the hourgliss vanety 7 were
cervicomedistmal and 11 were transmural

Endobronchial lipomas 1s stated above origmate from the adipose
tissue normally present in the bronchial wall  Smmilw to adenomas_ they
tend to advance i two directions toward the pulmonary prenchym?
and toward the bronchial lumen or m one directton toward the bron
chial lumen only The early phases of the endobronchial tumor have
never been observed but 1t 15 believed they follow the course of other
types of bemgn endobronchial neoplsms  In the 14 cases reviewed by
Ochsner and his associates the tumors were found to be located m
large sized broncht  They were solitary oval i shape Brm in cons s
tency and covercd by the bronchial mucosa

The following case of 1 medmstinal ipoma came under observal:'on
at the Morpsanr City Hospital  The patient 1 woman 10 years of age
was admtted to the obstetricrl service for the normal delivery of 2
child A routwe triy exammaton of the chest revealed an (']ne";\ l?e
density mergng with the nght border of the heart It nppea;_’c f‘ %)
conical n shape with its base lymg flat on the diaphragm g] 1g5 o
The patients past history was arrelevant except for the f,xctbt at d)’“ s
earlier at the age of 14 an 1denttcal picture had been © lamz" A
routine x ray exammation The conical shape had been mterprete

ing due to enlirgement of the hexrt
beLagte‘::AI we:s a§ well as anglogrnph) farled to show a connectiod
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between the hewt and the dense arex  The process appeired to be
neoplastic (Figs 160 A Band C)

Four months fter delery the woman was readmitted to the hospual
A thoracotomy was performed nd m oyl Jobulated encapsulated
mass was remoyved from the anterror mednstinum It had been covered
by the pleart and hud adjicent to the heart 1t weighed 750 gm
and mewsured 30 X 12 X 10 em M pically the mass d
of norm) adiposc tissue with 4 few normal thve efements here wd
edsewhere

T .
Vo

L

Fi 157 —Lipomy (*Tivm Tipoma} of te medin tmum  posteronterior and
Lateral views

Similr cses were reported Iy Yater and Liddine as well 1s by
Gottlieh Baer and Jordin - The case of Gottlieh and his assocuites
concerned + man 30 sewrs of agc who wis hospitalized m order to
Atermine the cuse of an alleged cwdine enlargement The min was
m porfect hodth but the rocntgenologicl caminatian reverled a
shadow sumilir to the prcture shown in Figure 159 which was mterpreted
15 demonstriting by pertropby of the hewrt  The natare of the shadow
wos attmateh detenmined dter 2 punstaling ekl and hboraton
mvestigttion 1o the case presented here angiography and Litenl view
films smmediate s ponted out the neophistic chracter of the process
Gutthieh and his wsoentes n thete adticle quott Sosmn and Levine
why hud demonsteited + similar ©wse at 4 cimcal mecting dunng the
\nnuil Congress of the Amenein College of Thvsicnins i Roston s
1949 o Sesmin md Tevnes cise too the onmntl dhgnoas was
cardric hvpertrophy
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made up of mature phwsma cdls that grew in a vascularzed stroma
Of chimieal iterest 1s the fict that Iike lymphocytomas plsmacytoms
are ridiosensitive

LIPOMA

Lipoma of the hing nd bronchn 1s structurally simlar to lipoms
found m other pasts of the body  The tumor origmites from the fat
cells normally present i the mednstmal spice and 1 the wall of those
bronchi which contun cutihgmous plites  Whether some of the
lipom s (possibly 1l) are congenital has not been estaiblished

Mednistinil hipomas are disided nto (1) those lymg entrrely within
the thoricic enaty nd (2) those hng partly withm and parth without
the medinstinal space producing hourgliss shaped tumors The exterm
component of the poma results from the “squeezing out of v put of
the mtrithoricic mass through an mtercostal spice or through 1 defect
m the sternum A bulge covered by the skin and the subcutancous
tissues 1s thus formed  Cises hue been reported where the mtr
thoricic hpoma ather prerced the dnphragm or grew into the pleural
cuaty some hpemas ads inced toward the neck

Keeley wd Vam reviewed 82 cases reported in the literiture from
1940 t01955  OF this number 46 were mediistmal hpomas confined to
the anterior medustinum 18 were of the hourghss vnety 7 were
cervicomediastim] and 11 were transmur il

Endobronchnl hpoms s stited above onzmite from the adipose
tissue normally present m the bronchinl wall - Smilir to adenomas they
tend to adsy e m two directions tow wd the pulmonry penchymt
and toward the bronchial lumen or 1n one dirtctron tow 1wd the bron
chial lumen only  The erly phises of the endobroncht 1 tumor hne
never been observed but it 15 believed they follow the course of otl e
types of bemgn endobronchiil neoplisms  In the 14 cises rey wwed by
Ochsner and his ssociites the tumars were found to be Jocted m
lrge sized broncli  They were solituy oval m shape firm m consis
tency and eovered by the bronchil mucost won

The following cse of 1 medistin Al ipom came under obst r\f\ IE
at the VMorrisinn City Hospitdl  The patient 1 womn 19 yeus o ‘IEE
wis dmutted to the obstetnieal service for the normal delivery @ }
cluld A routme x rty exummtion of the chest revelled m '1"':‘1 l‘:c
density merging with the night border of the hert It appenred 1059)
conical 1n shape with ats base lymg Mt on the dnphrigm gFlﬂs o
The patients prst history w s srredevant eveept for the fullt nt(‘d AN
earlier at the age of 14 1n 1dentical preture had been obtun o
routme x r1y cxwmmation  The comerl shape hid been e rpreded

ng duc to enlrgement of the hewt
bell,ﬁeml vxne“s n’; well as angography, fuled to show a connechon
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Chimeal Mantfi —The ) caused by the medastnal
and the endobronchiil hpomns are different and therefore will be
discussed separately

i 4

toa
Fic 160 —Angiograms A B and G show the nbna{;m{d;t&'ustznbesgae N
new growth and not to cardiac hypertrophy or to penc;\;1 hal Slhumon ety el
1or vena cava LPA left p Imonary artery RPA ni t Pbran(h Y e -
O Beanch of the pulmonary attery DB descending brane® B C0,
, ng RA nght atmm RV nght ventncle LPA left pul molhr{xelte ey
?i{:o;ﬁ.ﬁmm %ﬁn ng) of the left ventricle reaches the cardiac siho:
Tiffcrentiating 1t from a pencardial effusion
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iew cases that had been reported in the past, diagnoses had been made

n autopsy findings only, but in recent years diagnoses have been arened
at mtra vitam

In an analysis of 4 cases of bemgn leromyomas and 3 cases of mahgnint
leomy osarcomas, Sherman and Malone found that, grossly, the benign
raniety could not be distingwished from the mahgnant type becanse both
are encapsulated However, the malignant letomyosarcoma could not be
shelled out from the capsule as readily as the benign lelomyomr  Both
types were oval and firm and caused no reaction, erther 1n the surrounding
tissue, the medmstimum, or the plenra  They were solitary and did not
metastisize  On xray exammation they were well demarcated and
could easily be confused with a solstary metastatic nodule, a tuberculom,
a eyst, an add; or a bronchiog In 1 case, the tumor,
which measured 1 cm in drameter, was confined to the bronchn lumen
alone, while m the remuning 6 cases 1t was found in the pulmony
pwenchyma

That letomy osarcoma of the lung 15 as malignant as s counterpart
the uterus is demonstrated in the c1se reported by Tocher, DeHan, and
Stofer It concerned a male, 19 years of age, who compluned of we e
ness, anorexty, and loss of 33 pounds in werght in 4 months

Ro logical examination led a round tumor mass with small
nodular extensions tm the left lower lobe behmnd the heart

At pneumonectomy a tumor was found wlich mesured 11 cm 1n the
maxmum diameter and weighed 300 gm It was not encapsulated and
was easily separated from the sur hg tissue, leaving a shallow,
rugged depression  The microscopic dnignusis of a leiomyosircoma was
mde No metastases were found

Four months after the operation 2 subcntaneous nodules apperred,

which 1n time grew and became ulcerated A biopsy showed them to be
metastatic from the pulmonary letomy osarcoma  Sre months Itter metis
tases were discovered m the remaming lung  About 1 year after the
onset of symptoms the man died .
At the autopsy a tumor was found m the left pleural cavity, gm\\-m!i
through the mtercostal space, m the nght lung, and 10 the abdomnal
Iymph nodes from
Stmmary —Letomyomas are found m patients whose ages range t;a(
8§ to 63, and lelomyosarcomas are found m pvents from the ages f;‘
to 83 Letomyoma 1s found more often than Jetormy osarcoma '\\ et
locahized letomyosarcom 1s can not be eradicat d surgielly, it
affords palbation
Pxerog, Alznauer, and Rolle, m a report of a case of lerorayoma of the

lung, pomted out that the possibility of a pulmonry ksmnl“l::x:gb:
tast. from an pul y y:

considered

yosareomn should al
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m which they anse they are arranged in a haphazard manner and sho
vanous degrees of differentintion of the tissue

It was pomted out by Goldsworthy that some cases reported as chon
dromas of the lungs were hamartomas Jaeger differed from this only bv
caflng attention to the multiple and erratically arranged components
such as cartilige connective tissue glandular “Tymphoid and vaseular
elements and adipose and osseous tissues of hamartomns

Hamartomas occur within the pulmonary parenchyma or as mtrabron
chil polypod growths  The mntraparenchymal tumor usually 1s round
or egg shaped lobulated firm encapsulated and loosely attached to the
surrounding tissue from which it can be separated with relative ease
On 1ts cut surface 1t 15 grayish white with a bluish tge  The gronth
often shows arens of calesfication and ossification stmilar to that of other
benign pulmonary neoplsms such as thymomns  terato dermouds o
granuf (eg tuberculomes) It a great deal of ad pose
tissue a condition which ss also observed m adenoma of the bronchus

Location —The mtrapulmonary hamartoma usually 15 located 1 the
penphery of the lung adjrcent to the pleura and i the vicmty of either
the mterlobr fissure the hifus or the diaphragmatic surface  In some
mstances 1t has been found suspended by 2 pedicle to the pleura and
protruding 1nto the pleural cavity  There 15 no connection between the
growth and the bronchial cartilage

Histology ~Microscopienlly hamrtomas are made up of connecth\:
tissue which shows mucoid degeneration  They lso contamn clefts t ﬂh
are hined by cuboida! or colummar epithehum adipose tissue smoot
muscle blood spaces lymphocytes bone and caloum Himartoma 1
2 bemgn slow growing tumor that 1s surrounded by a dense connective
tissue capsule which vanes in thickness r

Age~Sex—~Site ~This type of tumor has been found n persons of ;,2
tous ages  Bayer observed 1 in a woman of 81 Adams found 11 a boy
of 9 and Jones described such a tumor 1 a newborn mfant 10"9'”
case concerned a baby gil who had been delwered on the t\\i" n)"
erghth week of pregnancy and died 4 hours after bith  The left :ns
was atelectatic while the partially aerated nght lung weighed 50 gm n
contained a spherical exrcumscnbed nonencapsulated mass 35 cfn':ut
diameter which accupted almost the entire upper lobe On “]5 ced
surface the mass was pink and firm with coarse whorls and inter ama
bands of white fibrous tissue Microscopically 1t was made up of g" o
tur(; mesenchymal tissue fibrous tissue fetal fats cartilage and
perfectly formed bronchual structures

Hamayrtomas occur with greater frequency m the male Of 86 CJ:}:

Hected from the 1 67 d m the male and 19 m .
female~a ratig of 3 to 1 They vary in size from 2 few ml”mew";ed
several centimeters In a case reported by Buss the tumor occup!
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m which they anse they are arminzed in 4 haphazard manner smd v
vanous degrees of differentiition of the tissue
It w1 pomted out by Goldsworths that some eases reported as e
droms of the lungs were hamartomas Jaeger differed from this orh b
cilling attention to the multiple nd ermticalh arninged compomet
such as carihe connective tissue glwdular Ivmphoid and v o
lements and 1dipose and osseous tissues, of banartomas.
Hamirtomas occur sathin the pulmonary parenchvma or as mtribre
<hnl palpord growths  The ntraparenchvmal tumor weualh 3 roend
1 eag shaped lobulited fom encapsulited and Joosely attached W
urrounding tissue from which 1t cn be separated with nlitwe est
On s cut surface it 15 rranish white wath 4 bl h tmge The gevd
often shows 1r¢ 15 of crlaficition and ossficition sumiir to thitof ¢
benign pulmonin neoplims such as thymomas terato-d movs @
erwnufomis (e g tuberculomis) It contuns a great dal of alpee
tissue & condition which 15 1lso observed in denom of the Lordh L‘\c
Location ~The mtrapulmonin hamartoma usnalhy 13 Tocitsd m ";’
penphen of the lung adjicent to the pleury and in the viann of €
the mterlobar Bssure the hulus or the dnphrigmane surfice ‘nﬁ"‘;
mstinces 1t his been found suspended bn a pedicle 1o the plaurd ‘l'“'
protruding mto the pleurl cwatn  There 1s no connection e bween
gronth wd the bronchnt ewtihee at
Hstology —\ticroscopically hamartomas e made up of m';x o
tissue which shows mucord degentriion Thes also contun dfst
we Iimed by cubod il or columnr epithelium ad poce fis e o
muscle blood spaces Ivmphocites bone and clom Ihm\r:;«\ M
themen slow growing tumor that 15 surrounded by a4 @ nse €
toste eapsule which v irzes 1n thickness g
Age~Sexr~Sie ~This tvpe of tumor his been found 1 peree? s
10us 1ges  Baver observed 1 in 1 woman of S1 Adms fot ad 1m

s
of 9 2nd Jones described such 1 twmor i 1 newborn mfl;‘\’ t‘\‘ o
case concerned a babv gl who had been dehvered on_r:]:‘ﬂh .

achth week of preguiney and died 4 hours fter birth 50 rmand
was atelectitie, while the partilly aerated nght luag weret & g
contuned a4 sphenical crreumsenbed nnnenc\Ps““Md o q its €
dumeter which occupied almost the entire upper Ixbe A whest o
surfce the muss was pink and firm with coarse whorls and 1 e
Bands of white fibrous tissue  Mhcroscopucalls 1t w1s madetp od
ture mesenchvmal tissue fibrous tissue fetal fats, cutilace
perfectl formed bronchinl structures of 6
amartomas occur with greater frequency m the male 19n
collected from the Lterture 67 ocenrred n the male 380 0o
femle—a ratio of 3 to 1 They 31y 1 size from & few :‘cﬁll‘“l
severd centimeters  In a cuse reported by Buss the tome™
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the entire pleural cwits whule in the case of the wfnt reported by Jones
the tamor measured 35 omt in dnmeter

Tt has occurredt with greater frequency w the night hing Of 82 cases
cullid from the hterature 51 hmartomas were an the nght side and 31
on foe it side  The modence 15 1o Jobe tinnot be tetnrately stated
beeanse it has not been mentioned 10 mamy reported eases

b fual H. ~The and e appe it

ances of the endobronehia! tumor are identic it with the ntraputmon ey
tpc o oats ey stages the growth protrudes anto the hamen of
the bronchus formung + mimmidlay protrusion an 2 broad bse  1n its
whanced stages it becomes sesstle and beguns to fip It 15 firm wnd
wascubir and will remun within the bronehia) fumen for hfe unless
remaned  Himartomas hue been observed to acelude the himen of the
bronchus completely

The endobronchiil tumor 1 observed much less frequently than the
mteapulnaniry tumor OF 98 cases of chondrohamartomy reviewed by
Postlew ute md his assocates only 13 were of the endobronchnd v mety
However m recent sears there his becn 1 considerable tnerexse
the pumber of seported erses

Vantf ~The pul v himrtoma remms asympto
m e unhil 1t erther reaches 1 considesble size therebv csmg compres
son of the lung ind reduction of ats respiritory eapaeity or when 1t
encraiches on a vital structure  VWhen symptoms mahe ther 2ppearance
thes are qurst nlentical with the symptoms cuised by 1 cadobronchial
lenoma

ARTERIOY ENOUS FISTULA®

Pulmonary arteriovenous Bstula 1s a conditron where 1 shunt 1s present
hetween severt branches of the pulmonisy artery nd the corresponding
radicles of the system of the pulmonry veins  The vessels (the vems
mure 50 than the artenes) are marhedly dilated forming 1 mass that
resembles a pnmary or a metastatic cancer 1 tuberculoma or 1 cvstic
brondluect s

In about 60 per cent of cases the fistulis are multiple  They are found
mosth m the lower lobe of 1 or both lungs or m the right middle lobe
Of 43 eases collected from the hterature by Yiter and is vssociites onlv
22 per cent were located i the upper Jobes  Both seces are eq ally
affected

Qs roentgenologieal examnation the fistuls 15 seen 1s an uvesven mass
of density {Fig 161A B C and D) 1t may vary i size from a small
cherry to a hens egg  Sometunes 1t even replaces & whole lobe  The
borders of the area of density usually are well demarcated On fluora

*also known as mdiple pulmonary hemangiomis pulmonary  arterto enous
ane irysms and cavemnous hemang oma
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m which they anse, they are arranged 1n a haphazard manner and show
various degrees of differentiation of the tissue
It was pointed out by Goldsworthy that some cases reported as chon
dromas of the lungs were hamartomas, Jaeger differed from this only bv
calling attention to the multiple and erratically arranged components
such as cartilage, e tissue, glandular, lymphod and vascular
dlements and adipose and osseous tissues, of hamartomas
Hamartomas occur within the pulmenary parenchym1 or as mtrabron
chial polypoid growths The mtraparenchymal tumor usually 15 round
or egg shaped, lobulated, firm, encapsulated, and loosely attached to the
surrounding tissue from which st can be separated with relative ease
On its cut surface 1t 1s grayish white with a blwish tige The growth
often shows areas of calcification and ossification similar to that of other
1 1 1 terato-d Is o

bemign y s such as
‘ e L ! It cont a great deal of adipose

& g, t
tissue, a condstion which 1s also observed m adenoma of the bronchus
Location —The intrapulmonary hamartoma usually 1s Jocated m the
penphery of the lung, adjacent to the pleura and in the viaimty of either
the mterlobar fissure the hilus or the diaphragmatic surface In som
mstances 1t has been found suspended by a peducle to the pleura and
protruding mto the pleural cavity There 15 no connection between the
growth and the bronclnal cartilage
Histology —\icroscoprcally hamartomas are made up of connectne
tissue which shows mucoid degeneration  They also contain clefts that
are Imed by cubeidal or col prthel adipose tissue smooth
muscle, blood spaces lymphocytes, bone, and caleum  Hamartomd 8
a bemgn, slow growmg tumer that 1s surrounded by 1 dense, connecttve
tissue capsule, which vanes 1 thnckness
Age—Sex—Site —This type of tumor has been foun:
1ous ages Bayer observed 1 m a woman of 81 Adms found 1 1m 2 boy
of 9, and Jones described such a tumor m 2 newborn mfant  Joness
case concerned a baby girl who had been delwered on the twenty
erghth week of pregnancy and died 4 hours after buth  The left lunﬁ
was atelectatic, while the partially aserated night lung weighed 50 gm an
d a spherical bed, psulated mass, 35 cm 1
diameter, which occupred almost the entire upper jobe Onats cﬂ‘;
surface the mass was pmk and frm with coarse whorls and mterlacet
bands of white fibrous tissue  Mrcroscopically it was made up of fmma
ture mesenchymal tissue, fibrous tissue, fetal fats, cartilage, and 1m0
“ #ly formed bronchtal structures s
oceur with greater frequency the male Of 88 Cﬂslf
3 from the Lterature 67 occurred i the male and 18 m the
ratio of 3 to 1 They vary n size from a few mulluneters to
I centimeters In a case reported by Buss, the tumor occupiet

d 1n persons of var
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scope examination the mass can be seen to pulsate, and n the Tamino-
grams one can discern two vascular shadows that connect the hilus
with the mass  The diagnoss 1s facilitated by the use of the Valsalva
and Muller maneuvers In the Valsalva maneuver (forced expumation
with the glottis closed) the ntra alveolar pressure mcreases, and the
pulmonary vasculanty decreases In the Muller test (forced mspuration
with the glothis closed) the mtra alveolar pressure decreases, and the
pulmonary vasculinty mereases, causing the angromatous channels to
distend with blood  In about 50 per cent of cases the test 15 successful
mn demonstrating the vascular anomnly

Clincal Manmifestations —Patients with an artertovenous fstulr mty
remam asymg 1¢, but 1n most they suffer from serious dis
turbances  Since there 1s a shunting of venous blood from the pulmonary
artery to the pulmonarv vem and left aunicle, the blood which passes
thraugh the shunt bypasses the pulmonary capillwies and 1s madequately
otygenated This mduces cyanosis {which 1n some eases appears at an
easly age), dyspnea, polycythema, and, occsionally, clubbing of the
fingers  The speech of the patients usually 1s thick, they suffer from
headaches, d easy fatigability, epistras, and hemoptysis  The
bleeding may be so abundant as to be fatal (Rodes). Israel and
Grosefield reported a case of 2 woman with a hereditary, hemorrhigie
telangrectasia who had been treated for epistavis for a period of 23 yeus
At the age of 41 she developed hemoptysis, and when evamuned with the
trays, af y arter fistula was disclosed One yer liter
she dred of hemoptysis .

On physical exammation a continuous murmur 1s heard m the are1 o
the fistula It 15 more mtense on mspiration  Occasromally, & thnll 15
felt In about 50 per cent of cases telangiectatic foct are found on the
neck, the face, the lips, m the nasal mucosa, the mouth, and the gastro
intestma] tract  The blood pressure 1s not affected, and the spleen 15
not enlarged b ent

Diagnosis —The pathognomome signs are  Cyanosis, polyeyt emm‘,I P!
stivs, and a murmar that 1s heard outside the cardnic regon In ee‘ L
the findings of a pulsating mass n the lung of a person with 2 moden::
cvanosis should always suggest the possible presence of an lmm;hc
venous fistula  In the asymy cases the d 1s based on h

1 1 1 hic, and ang hic findings A T

monstrates the vascul

& & P
robnbly the most reliable method because it de
:alt’ure of )t,he disease  However, 1t cammes with 1t a certain :mlmunt lif
danger, puticularly m cardme and hypertensive patients lnst :]e)sr((:m]; \
trents the mjected matter (Diodrast or 1odopracet) mry pj\s e
the arteriovenous shunt mto the lef¢ side of the heart and the co 4
arculation without sufficient dilution n the capillanies In a few ca
these mjections have been fatal

,
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Dufferential Dingnosis —There 1s some similarty betw een rtersoy enous
Bstula and Rendue Osler Weber dasease because both of these condy
uons show tel. foct ghaut the body However
the superfical simlinty 15 overshadowed by a number of diferences
which are as follows

1 In Rendue-Osler Weber diseise the dominant syraptom is the anemia
cused by recurrent hemaorrhages while patients with pulmonary arterip
venous fstula do not have anemnt {A pulmonary fistuls has rarely been
observed m Rendue-Osler Weber thsese )

Fio 16>~Tle aspcct of the renoved 1 ft kwar lobe § tola (a fow mektng point
llay cast)

2 The dilferential diagnosis betacen a Bstula and polyeythenta s
evident from the absence of 1 splenomegly and of hypertension mn the
fistula

3 The differentinl dirgnosss between a fistula and a congemtal heart
dhsease 13 based on the delayed appearance of cyanosis and extracardine
murmur n prtents sufferng from & Bstula

The possibi} ty of s prumary and a metastatie lung tumor tubtreu
foma or 2 cystic b should also be dered m the differ
entnt! dragnosis

Comphcations ~The disese 15 ocersionslly compherted by a cerebral
accident due to polyeythemia bv a rupture of the aneurysmal sac mto
the bronchus or pleural c.xvsty {Bower} by a sub’xcute baclcnal

dwss and by a g The of a fi
fatal hemoptysis was mentioned sbove
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Treatment ~The trevtment consnts 1 the surgical remoyal of the
ancurysmal sne (Fig 162) but before embarking on 1 surgical 1nter
vention it 1s essentinl to 1scertam whether there are one or several shunts
present  Charbon and fus assocrates reported 1 cise m wnch a second
fistuly was discovered in the contralateral lung 7 years after the success
ful removal of n arteriovenous fistult  In the case of Bacr and his
ssoentes 3 consecutive lobectomies were performed becuse of the
suceessive discovery of 2 additionn] fistulis followng the first operation
Adms and fus 1ssocntes reported 1 c1se of 10 artersovinous fistula which
they removed by pneumonectomy on the assumption that the Jesion
wis solitwy  However 9 yeirs Iater mother fistula wis discovered n
the remumng lung

ITE MANGIOMA

Hemangrom1 s a neoplism whose pirenchymn 1s composcd of capil
lary sprces Jmed by flattened endothehal cells The tumor advances
by the sprouting of the endothelnl cells  The spices e circulir they
vary greatly in size and usually are lled with red cells clotted blood or
thromb: In 1ddition they are separted by thin steinds of connective
tissue mfiltrated by small round cells

The neoplasm 1s 1 congemtal malformabion which apparenth grows
very slowly lthough i elaldren st has beun found 3t times 1o prolifer
ate rather raptdly It 1s round or somewh1t ovil i shipe doughy nd
surrounded by 1 fibrous crpsule  Balbot ind Chestermn collected from
the Iterature 10 bemgn md 25 milignmnt hemangiomas  The consensus
1s however that the growth 15 gencrally bengn even an those eises
where n mvasion of the lymph nodes or of the ddjrcent structures by
occurred  When hamangiomas are discavered simultancously in severtl
organs or structurcs of the body they are segarded 1s mdependent prt
mary growths tnd nat as metistases from one primary tumor Hemangt
amns tre often multiple

They are charetensticnlly located m the tnterior meduastinal space
ic n the region where thymomis and teratamas are locited (In fact
some observers include hemangiomts 1 the teritoma family 3 Bafors
and Chesterman collected from the Literature 7 eases m which the tumors
were mostly located mn the posterior mediistinum and Grimes and his
assactates obstrved a case of a humangiom confined totally to the

sterror medistinal spice
pu’l“hc“:msc:lar (umorplns becn found sn persons of i ages  Of 17
cases culled from the hterature 14 were found (by Seybold and his
associates) m mdviduals Jss than 14 yers of ge One fourth of Ih’e
cases occurred 1 children under 1 year  Both seves were alfected with

equal frequency
quuall)? hemangomas are averlooked chmelly they are disclosed by
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acerdent during a routine raentgenolagict! exammation of the chest The
 rays revenl 7 welt errcumsenbed round density located s the antenor
medistmum suggesting a cvst or 2 neaplsm  In a few cases st has been
* - L Angrog,
1 cancern
has been
arcuhition
1n the hemangiomn

The ewrenlrr shape of the hemangioma and the shadow st casts pose
the same diagnostic problem of the “com lesion” discussed 1 Chapter 2
As in the cise of the com lesions the tumor can rwely be dingnosed
by chmieal means wone A thor icotomy 1s usually resorted to and the
tumor 15 extirpited whenever possible In cases where no muasion 15
present the prognoss s fwvorable but the prognoss 1s guarded when
the histologrcal prcture suggests 2 malignant growth It has been stated
by some obsersers thit i the hemanginma the Justologie ] nppe wnce

of malignaney does not as a rule connote chmeal maly pan
Sclerpsing, Hemangioma ~These tumors e us aally found m the sk
“nd on rare occamons are phserved m the parenchymi of the lung
Lacbow 1nd Hubbell have recently reported 7 cises  They have de

croms and ibrosts  The prot ferated blood vessels form pipillary sofold
ngs imto the air sprces obliteratng them  The Jesion is also character
1zed by wn abundance of fat cells which arc typieal of xanthomns with
which they have been 1dentified by some wrters The few cises described
in the Iterature have fuled to elucidate the ongin or the nature of the
growth In fact 1t 55 even possible that the lesion 1s not 1 neoplism
but a granuloma  Like the hemngioma the sclerosing hemangoma 15
portrayed on the x riy flm as a com leqion nd ts 1 hemangiomn it
poses the same diigaostic problem  Chmeally ot 1s mapparent Tt has
been observed that extirpation his been followed by permanent cure

tumor 1s devord of spaces forming solid cellulir masses of spindle shaped
cells charactenstic of a swcomatous growth  The vascular channels e
filled with blood elots or thrombr  The tumor (sumslar to the hemangs
oma) adsvances by a sproutmg of the endothelirl ¢ells winch forms new
capillary spaces

The new growth s raund spongy and tends to mvade adjcent strue-
tures It rarely has been observed in the chest but 1t has been found on
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many occasions 1 other organs In the Iver its ongm has been traced
to the hupffer cells lnmg the hepatic sinusords

Hemangiopericytoma ~These tumors are said to orgmate from cells
Iymg on the adventitial coat of the blood vessels ie from pencytes {n
the past the endothehal cells have been referred to as endocytes )
The cells were desenibed by the pathologist Eberth (1870) who named
them “penithelial” The tumors which they allegedly produced were
termed pentheliomas”  Subsequent observations isproved the evis
tence of perithehomas but the perithehial cells or pericytes have been
repeatedly described and their role has been vanously mterpreted (1e as
muscle cells playing 1 role in the contraction of blood vessels or as resting
phagocytic cells) ©

The nume “perieytes was given by the Swiss histologist Zimmermann
Stout found that these cells produce neoplsms made up of capillary
blood vessels surrounded by one or more Iyers of pericytes He termed
the tumor hemingiopericytoma  The tumor 1esembles the so ealled
glomus tumors  Hemanglopericytomas hive been found mn varous
organs ncluding the medistmum  Berugn as well as mihgnant van
eties have been reported (Ihe rtio between the bemgn and the
mahgnant tumor 15 tbout 3 to 1) They we chmeally mapparent
wd their discovery 1s usually maidental to 1 youtne roentgenological
exrmumation of the chest They are treited by extrpation followed
by radration

PARATHYROID ADENOMA

The term “parithyrosd mmphes closeness (para meamng near) 0:
the parithyroid glinds to the thyrod gland  However P'll':llhyfﬂ;ll
tissue 15 found 1n plices remote from the thyrod mamely m the
medistium where as mn the neck 1t 1s apt to undergo 1 neoplistie
transformation and to mduce symptoms chartctenshic of a p’\mth)d
sod adenoma Cope found that of 49 parathyroid adenomts trete
at the Massachusctts Genernl Hospital 9 cises or 18 per cent were
confined to the mediistmum  Of this number 5 were n the antenior

edrstinum and 4 1n the posterior mediistioum
mMosst of the adenomns \Ferc situated high m the supentor med‘n&
tnum  They were overlooked by the roentgen riys beciuse of t:]ellcr
small size and their pos tion behind the sternum or chncleh [nem
c1se of Stwb and hs assocites the tumor was revealed by the romd
gen rays s 1 smooth oval mass about 7.5 cm in diameter s["ue;rs
n front and to the left of the pulmonuy artery For sg‘ersa i)ssl
preceding admusion the patient had compluned ufi w;:(a)s i,\sbzauon
tude and esy fmgmbxhcy and for 3 months prior to P

*Fred BM  The mfecton of rabbts wl the t bercle bac Tus by way of e
trachea Arch Path 12 689 1931
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he had had 2 cough 1 with 1 d fe ‘The
calerum Jevel m the blood was 127 mg and the phosphnrus level was
50 mg per 100 cc of blood The alkaline phosphitise actvity was
6 Bodansky vatts

The tutopsy revealed & tumor 7 cm w dimeter situated in the
left medistinum hencath the second ntb - On histological exammnition
the tumor w1s found to be a pirithyroid adenom composed of the
chuef cells

In the differential dingnosis of medristinil tumors the possibility of
wn aberrnt pwathvrond wdenoma shondd alwys be conidered

PHEOCHROMOCYTOMA CHEMODECTOMA

The great vaniets of neophms encountered in the thorere ety ss
best illustrated by the finding there of phcochromocytomis and chemo
dectomas The two tumors are hest evtmmed seprrtels

FPheochromocytoma ~Neoplisms made up of cells of the so clled
chromaffin system usully wesse (1) m the medully of the drenal land
{2) m the sympthetic plevuses and (3) 1 issocitan with svinpathetic
panglit These cefls e derved from the neuroectoderm nd tre descend
amts of the sympathogonn

In 1865 Henle was the first to natice the charactenstic tendency of
these cells to take on 2 durk brown color when subgected to chromiffin
sits  (Pheochromocytomt me s tumor of durk colored clls ) The
concept that the aifinity 1s sus geners s not been borne out by further
stuthes  Observation has reverled that the process 1s onc of odation
nimeh a nonspecific reactin between epmephrme (the sasapressor
substance secreted by these cells) and the strong oxdizing regents such
s 1 solutton of potasstum rodate

The term “puaganghomy 1 derned from the topography of the
paraganglir 1 which the tumors ongmate  Cells of the chromaifin ss
tem withdrawwng from the neural crest accumulate on the dersal aspect
of
s10
ple
testes The cluef mtercst of these cells Lies i their ibality to perpetuate
the vasopressar substance charctenstic of the pirent el They mduce
wtermittent or sustaned bypertension

The first c1se of wn intrathoracie pheochromocytomt wis reported by
Miler 10 2020 The second case was reported by Plalips i 140 and
the thud by Maer i 1949 The case reported by Philips from the
Pathology Deprtment of the Montefiore Hospital was obnerved by me 1
the medical chme of the sume hospital 1 fow years previously It
concerned a mmn 39 years old who suffered from glomerulonephritis
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d hypertension  The left suprachwicular fossa was fall and tender
to palpation  There was 1 Horncrs syndrome on the left side nd
anhydrosis of the sme side Roentgenological exammation revenled
7 dense shidow n the left apes The picture was stmilir to the
picture cist by 1 superior pulmontry sulews tumor  However because
of the protrcted course of the illness the virteally stable clieacter of
the process and the hek of climeil symptoms compitible with cancer
the pieal shadow remuned emgmitic  The patrent dicd of congestie
heart fulure

The wtopsy revealed 1 firm round mass vhout 6 cm m dumeter m
the 1preal part of the left pleural eavity  Beciuse of the mitation of
the utopsy to an abdomnl meision the evict topography of the tumor
could not be established with certunty It seemed to he astnde the apex
of the lung which 1t pushed downward Histologenlly 1t was made up of
nests of Inrge polyhedral cells m an abundantly vasculanized fibrous
stromt  The dingnosis was  pheochromocytomn (Fig 1634)

Stummary —Like the sympathetic system the chromaffin system ong!
nates from the cells of the ginghomic crest  These cclls migrite toward
the medulh of the adrenal and along the entire length of the autonome
nervous system where they settle in nests m the autonomic gwght
Here they e hnown 1s parrgingln or chromiffin bodes In all
probability the tumor mn this c1se arose from the piriganghon tht was
wsacrtted with the first left thoriere ganghon It compressed the lung
pushing 1t downwird 1nd nlso caused presswe on the brachnl pleus
mducing an 1psiliteral anhydrosis and Horners syndrome  The tumor
wis hormomally active mdueing 1 sustuned hypertension

Chemodcctoma — Nonchromatfin Paraganglioma — Definttion —Tle
crotid body 15 1 structure Jocated behind the common carotid asten
It 15 mde up of 1 cluster of epithelial hke cells arringed n Iobulesltl:
comprct masses and surrounded by 1 nchly vasculirized stromr Th
structure 1s believed to have the function of a chemoreceptor beng sen
siwve to changes n the pH or CO  concentration of the blood cum}htm;.t
through 1ts rich vascultr network  Under certun conditions it pliys
role m the regulation of respiration

Structures %lnt closcly xe?emblc the carotid body are present n ndl;”:
locations bath longside the cirotds and n the mednistintl sP;“‘ e
the Itter they are situted (1) new the mnominate artery d(y)fntlw
the ongmn of the left subclwin artery (3) on the rllght s‘mreu:msus
pulmonary wtery ($) near the pulmonary end of the d “Icmsm e
and (5) on the nght side and posterior surfrce of the pulmonwry

Because of to
use of therr structual nd functional :dentity they are refclrn]‘z}l
as 2 “system of chemoreceptors composed of) nests (‘)![ c‘pxth'e hal ]]1\10
v these eclls ety
cel ma o
lls The rich vascular stro ur ! - :

resembles the carotid body They have
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paraganghons because of their Jocrtion near nenve gonghons {hence, the
prefic para) o, beetuse of thewr dissuntdanty to the chromaffin para
ganglions which secrete a vasopressor substance  They are not ghinds
of internal secretion
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Fic 1634 phecthromorytoma of the first {left} thoracsc ganghon B chemo
dectoms { nanchromallin. parsgancliores ) of the mediastigum  Clusters of cells are
seporated by a nichly vascularized stoma

Tumors ~That the carotid body may wndergo a neoplastic transforma
tion has been known sice the heguning of the century but tumors of
other badies belonging to the systera of chemoreceptors became known
only recently It way suggested by Lattes that neoplasms ansutg from
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the cells of this system be termed nonchromafin prnganghomas*
Mulbgin ealled them  chemodectomas ™ Seven cises of mc?lnstmnl
chemodectom1s hve hutherto been reported 4 by Lattes 1In \outeand
2 by Duncan md VeDanald

In one of Lattess eases (his Crse No 3} the strithoracte tumor ex
tended from the nterior medmstinum upward behmd the nyht chvicle
nd mto the suprachwiculr foss1 Histologieally 1t resembled the fumors
of the curond body (Fig 183B) and chmeilly 1t wag asvmptom e
unti 1 short time before hospttalization when Toarseness shght dys
phgin and d)spnt"l ppeiwred A roentgenological exvimination ds
closed 1 mednistinal mass that disphiced the tracher and esophigus
In wmother of Lattess cises {lus Cise No 4) the tumor ws found m 1
35 year old male who hnd dred of bulbar poliomychins The ttmor about
15 em in diameter was Joosehy attached to the arch of the orty new
the site of the obhterited ductus irtenosus It 1s noteworthy thet the
ptient b two more sndependent tumors of the crotid body type one
located on the vagus nerve m the region of the ganglion nodosum and
the other at the bifurcition of the cwond artery  The medistnl
tumor was chimeally nonapparent

In Duncn and McDomilds first evse the tumor was discorveret 3t
n amy mduction center [t concerned A man I8 years old who com
pluned of pun icross the abdomen partrcululy m the upper nght
quidrint A rocnigenologieal evammanon showed 4 ronnded mis
mevsuring 64 cm 1n diameter m the nght posturior portion of the
thorix adjicent to the spinal column 1t the level of the nnth and
tenth vertebrie  The tenth nb wis eroded  The tumor removed
swrgicilly mewsured 7 X 4 X4 em and weighed 50 gm It wus
round smoothly Jobulited wd covered with Juge diited ressels
The uthors noted thit the new growth was rehited to the descend ng
thoracic 10rt1 on the nght  Chemoreceptor tissue m this arel 1 ad ot
been previously reparted

Duncan and \McDonalds second cwse referred to 1 womm 33 vexs
old m whom 1 routme roentgenologicd evimun ition disclosed 1 smooth
rounded mass m the nght postenor medistimom  adjicent to the
spmal column at the Jevel of the sith seventh md eighth nbs  Histe
Jogieally the removed tumor was dentictl with that desenibed in the
first cuse 1t was composed of small and Jarge nests of eells that “1ﬂ§
separated by connective tissue septt contamng numerous  thin e
vessels There were no mutases  After remmmg well for 1 penod o
14 years the patient developed symptoms suggeste of a "nn?‘iﬁe
lesion of the spmal cord Roentgenologrenl evammation xe\e;e .
large ovord paravertebral mass mn the seventh thoracic vertebra .
well as a total destruction of the vertebrr It was pot Ascertame
whether the newly discavered mass was relted to the growth that had

been removed 14 years before
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Tumors of this kind have rarely been observed m the thoracte cavity,
but as 1 other nstances, a greater anareness of their evistence will
eventually lead to a more frequent dentificition of these neoplisms
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Chapter 15
Tumors of the Pleara

Mesothelioma

The Pleura —The pleural cavities e closed spices walled off by the
pleural Yeaflets 1z (1) the panetit or costal which enclose the rihs
and ther cartilages (2) the wicer1t which cover the surface of the
Tangs (3) the medastmat which e ipphed to the mediastinum (1)
the duphragmatic which cover the diaphrigm and (5) the corvical
which rise to the nech  The medtastmal pleura umtes with the viscera
pleura at the hilus of the lungs to form the pulmonary hgiment which
emelops the pulmonary vewn the pulmonans wters «nd the pulmonary
Ivmphatics

The plevral leaflets ase covered by a laver of sqnamous cclls (the
mesothelium ) beneath which lie callagenous fibers arranged m fascicles
and parallel rows and smooth muscle fibers which run w parallel and
perpendicular bundles also elastic fibers blood vessels and lymph
vessels  The hel 18 a laver of sq cells that covers the
surface of 2ll serous membranes e g the peritoned the pencwrdnl and
the pleural. Thus layer 1s made up of typresl epithclial cells which anse
from the mesoderm ~ (The hning of the pleuropenitoneal cavity develops
from coelomic eprtheliem which s spht off from the mesoderm )

The pleural cavity drams into the medustinum  Like the omentum
the pleura abounds 1 phagocytic macrophages gathered i foar (sumlar
to the 5o called tdches lditeuses or milky spots found i the omentum
by Ranvier) These scavenger cells are scattered beneath the stratified
mesothehal layer where they display thewr customary phagecytic func
tions  For anstance India mk introduced into the pleural cavity
ppears beneath the mesothelum within a few hours after mjection and
1s mstantanepusly attacked by the macrophiges which proliferate and
Hock to the foreign matter and phagocytose it Suspensions of bictens
introduced into the pleural cvity undergo the same fate It 15 bebeved
the pleural daft tends to convey the bacterta mto the subpleural phage
ytie focr (hampmerer pomted out therr presence there} where they
are taken up by the phages and destroyed  The ph cells
seem to predominate i the medistinal pleura

(311
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The arterses of the pleura are derved from the ntercostal, mternal

+

lof , thymie, p dtal, pulmonary, and bron

54

chial vessels

The panetal pleura recewves 1ts nnervation from the intercostal and
sympathetic nerves, and the visceral pleura recewves ats mnervation from
the pulmonary plecuses which ongmate m the vagus and the sympa
thetic nerves The diaph pleura 15 p d on the outer
side by the lower s mtercostal nerves and centrally by the phreme
nerve fibers

TUMORS

In the past a vanety of unusual tumors have been traced to the pleural
leaflets Recent mvestigitions have reduced the “varlety to two mam
types (1) diffuse mesothelioma, characterrzed mamly by the tendency
of the neoplastic mesothehal cells to spread over the entire surface of the
Ieaflet, covermg 1t 1n a blanket-hike manner, (2) locahzed mesotheltoma,
te, a solitary tumor which 1s localized and well ar bed The
localized tumors have been described under various names, such as

, fib , ) a0t , and fbromas
At present thev are reported under the names of “Localized Pleural Meso
thelioma,” and “Solitary Pleural Mesothelioma ” The two types are best
examined separately

Diffuse Mesothelioma —Adami was probably the first to call these
tumors “mesothehomta” and among the first to pomt out their ongmn
from the mesotheltal cells McCallum stated that “these tumors are
apparently primary i the lmng cells of the pleura”  According to Borst,
tumors of the pleura “concern a pecuharly propagating tumor wihich
grows diffusely over serous surfaces and 1s accompinted by mtense
mflammatory manfestations, 1 ¢, exudate formation and adhesions The
enfire membrane 1s covered with flat or promument nodules, also th};
polyps and papillae which are made up of neoplastic tissue  The pleun;
surface iffusely thickened and h d  The new growth
remains on the sutface without invadmg the Jung ” ¢

The literature of the past 50 years abounds 1n reports of cases U
mesotheliomas (also called pleural endotheliomas) Robertson},l m 2
scholarly analysis of these cases reached the conclusion that witl V";Z);
few exceptions they were not prinary mesothelal tumors, but r

1 that had metastasized to the pleura, chefly from the Jungs

N 4, but it was agreetd

The opmion of Robertson was not umwversally shared, o otop-

that primary mesothelioma 1s a very rare tumor indeed In 3, autep

sies performed at Temple Umversity, Campbell and Penner, f;:r e o f:he,

discovered only 4 cases It was moreover accepted thuf \; erx\‘ee‘c s
pleura 15 mvaded diffusely by a tumor, the possibiity of the neop

being a metastasss should be considered first
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Larly Phases ~The wcipient phases of the growth have not been hith
erto observed or recorded A mesotheboma (lke other tumors)
probably starts at one pownt of the pleura from wl ere 1t propagates  The
manner of 1ts diffuse spread 1s due to the topography tumors that
have anisen 1n a serous membrane {as well 15 those that have metasta
sized to such a membrine) tend to spread over the surface 1e along
hines of least resistince  Then too the manuer of spreid may be due
to the biological properties of mesothelil cells to cover surfaces  \alg
nant cells nmtate their normal somatic progemitors mn many ways

Bentgn and \alignant —As already stated the neoplasm covers the entire
surface of tle leaflet m a blinket bke mnner leading to its mamfold
thickenng wnd hardening  The affected pleura 15 firmly adherent 1o
the lung ~ Although mn many cases the growth remams confined to the
pleurn 1n many others 1t invades the surfice of the lung and sometimes
sends out prong like extensions to the center of the lung  Indeed the
relatvely bumgn types remam in st while the malignant types are
mvasne locally and distally sending out metastases to remote organs
Metastases are found mn the Iymph nodes pencardum thoracic wall
diaphragm and pertoneum  The spread 1s probably by way of the
serosa (serosal seeding) and along the lymph chinpels Dawe de
scibed 1 e1se with widespread hemtogenous metastises I observed
a case of a diffusc mesothelioma which mvolved the serosa of the small
bowel from where 1t penetrated the musculans mucosa cwsing 1n
obstruction of the ntestnal lumen A small metastatic nodule obviously
of hemtogenous ongm was found m one vertebra

Histology —The histology of the tumor 15 of particular mterest It 15
made up of two components epithelnl and fbroblastic the latter 1m
tatng a sarcoma It 15 possible that this feature indiced some former
patholog sts to designate 1t as cwrenosarcomt  The mucus secreting
epithelinl cells {? hyaluromc acid) from tubules or actm which are

PR ER T

arose from the mesothelial cells which are of mesodermal ongin
Maximow s tvestigations are cited 1 support of this concept  Maximow
noticed that i tissue cultures a portion of the implanted serosal cells
evolves mto true epithelial cells winle 1n other portions of the culture
* - - diffuse

w data
are avulable early f Formerly cases would
come to antopsy undiagnosed In the later stages where diagnosis s
merely of academic mterest patients show considerable loss of wesght
and complamn of pain 1n the chest and of dyspnea A ray films show an
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almost diffuse shadow of the entire hemithorax  The findmgs of physical
exammation are charactenstic of an obliterative plcuntis, the hemithorw
1s shrunken and narrowed, with narrowing or complete obliteration of
the intercostal spaces  On auscultation there 1s absence of breath sounds
and of tactle fremitus It has been stated that at a thoracentesis the
needle m these cases mects a charactenstie resistance not nbserved m
other conditions  This, however, cannot be rehed upon A fibrothorax
of long standing caused by a pathogen or by the tubercle bacillus also
yields a firm and thick pleura which 1s as difficult to puncture as 1s the
pleura thickened by the mesotheltoma

In mstances m which the pleural cawity is not totally obliterated, 2
hemorrhagic flud accumulates in the pocket  This flurd should be wovesti-
gated for neoplastic cells paffin sections as well as by the method
of Papamcolaou

The early signs of the disease can only be conjectured There 15
probably little doubt that the tumor implanted on the pleura {even when
still strictly localized) will induce disturbances the pleural cavity and
probably also 1n the respiration  Awareness and diligent clhmeal and
roentgenological studies are the prerequisite 1 the dignosis of the
cipient stages

Mesotheliomas are treated surgically  Nitre
observed to afford good palliation m some cses

Loealized {Fibrous) Mesothel —Unlike the diffase pleural meso
theliomas, which are characterized hy a growth sc attered over the eohre
serosal surface, the locahzed pleurt! neoplasms appear as solitary and
crreumsertbed tumors surrounded by a fibrous tissue capsule attached
to the lungs by a pedcle or to the chest wall by svascular adhesions
(Fig 164) They take ongn m the panetal or 1n the wisceral pleua\
Of 24 cases descnibed by Clagett and Hhis assocntes 1§ arose from the
wvisceral pleura and 6 from the panetal pleura They may be bemgn o¢
malignant, the former project imto the pleural cavity and the latter hme
Tocally mvasive and wsually do not project therem  In the past W P:il
r-Tay examnations were not nsed ot were used spnngly, \mdnscloslel
vol tumors were 1 Large ones are sbll oaccastonally
found, as demonstrated by the case of Hawthron and Frobese, who
recently remosed a tumor weighmng 1,500 gm

HISQZIOgIC{I[]y the bemgn grmvth is made up of spndle (ﬁbf;bl-:‘“‘
Tike) cells wiich are umform “nd show no mitoses  The stroma & oumrc
i reticulm and n collagen (Figs 165 and 166) Often the struc11w
resembles a myoma or a leomyoma "The mahignant types are d

t of umform size, but show

composed of spmdle cells. which are not of
mmtoses, and a stroma poor 1n

reticulin and 1n collagen
tumors (t ¢, the bemgn as v ell as the malignant) contain 1o
cells

ogen mustard s been
en e

The localized
eptthelial
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Fic 164—A fibroma of pleura

B, histolagy of the tumor
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Fre 165 —Localized pleural mesothelioma posteronterior and right Iteral views
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The histogenesis of the localized mesotheliomn 15 debatable Tt has
been generally 1wccepted that unlike the diffuse mesothelioma which ong:
nates from the serosil mesothelial cells locilized pleural neoplasms
anise from the subserosal connective tissue  Stout however has stated
that both diffuse and localized tumors oniginate from one source i
from the serosal mesothellum  His opmion 1s bised on the followmg
Murray (m his laboratory) observed that when the fibroblastic cells
trom 1 localized fibrous pleuril tumor had been grown on an artificial

- [P S ——
P

o

.

fo ,”
-

Fie 167 —Localized ple ral masothelio na m the basal po t on of the right tung
posteroantertor and lateral ¥ ews

medium they assumed the aspect of mesothehnl cells Stout com
bined this observation with the findings of Max mo v cited abave (that
m tissue cultures mesothel al cells often assume features of fibroblasts)
and concluded that  the whole group of pleural tumors should be
regarded as mesothelal der vatves examples of the versatility of the
mesothelia] cells Both the benign and the malignant mesotheliomas
may grow diffusely (i¢ as dffuse mesotheliomas) or form solitary
masses (te as localized fibrous mesothelioms)

The case to follow 1 of wmierest w s vespect It vontermed a mhan
83 years of age who was referred to the chest chime of the Mornsama
City Hosputal for 2 checkup  He had had a nonproductive nocturnal
cough for 5 years and had been moderately dyspneic for the immeduately
preceding year
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On physteal examinttion he appeared to be obese, and s chest was
barrel shaped  The lungs were hyperresonant and scattered rales were
audible in dufferent areas of both lungs There w1s no history of hemopty
sis of chest pain or of loss of weight

L

Fic 168 —Localized pleural mesothelioma in the interlobar fissure 1
m

d etueen the
e and Jower lobes of the nglt I ng

On x riy exammation of the chest 1 well circumscribed 70\.11 ,:.cdr::;
was found mn the basal region of the nght lung (Fig le) s
between the mesial and Ilateral borders nd also mld\v]\) e‘v‘s -
anterior and postenior borders The dignosis of a neopt\sm
and the panient was referred to the hosprtal for treatrgcg ¢ 25 em was

On thoracotomy a cystic tumor measurmg 30 X o labes

g (F1 w
E; glgr:e\g; tpcla‘;‘ctie( wags firm lobulated, and encapsulated
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Histologically the tumor was made up of a very loose textured stroma
onming cmr like structures lmed by swollen and hyperplistic meso
helnl cells 1o by cystic structures hned by sumlr cells (Fig 169)
The mesothelial structures secreted A mucord matter {? hvaluronic acid)

The histology of the tumor 15 of mterest beeruse similar (1¢ localized
umors) have i the past been descrtbed as charetenstically made up of
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fibroblasts only, and only diffuse mesotheliomas are composed of two
ty pes of cells

Here then 1s a localized tumor which would be acknowledged to hae
ansen m the subserosal connective tissue, and yet contuned mesothelal
cells

The case probably corroborates the umtary histogenetic concept of
pleural mesatheltomas as expressed by Stout and his assooates

The tumor was bemign  The patient s well 6 years after the pney
monectomy

Chintcal Manifestations ~Solitary mesothehomas are very slow-growmng
tumors  The fact that tumors of from 2 to 5 Ly m weight are observed
attest to thewr Jesurly growth and to the barely notceable symp
toms which they produce Large tumors compress the Jung gradually
and the symptoms which they produce are usully due to pressure and
distortion of the bronchus, causmg brone and atelecttre preu
monitrs  They have been hnown to compress the superior vena e,
mnducmg the superior vena cava syndrome, or to impmge on the 7
current laryngeal nerve causing hoarseness  Swot reported a cise
s which symptoms of cor pulmonale cnsued as a result of pressure of
the tumor on the heart  Pleural effusion 15 a frequent accompmment
of these tumors

When the solitary tumoar 1s still small, the symptoms 1t causes are
usually disregarded by the patent These consist of a mid coush

1 mod Jevation of temperature, and mald chest pam

Of interest 1s the oceurrence of clubbimg of the fingers and of osteor
arthropathy  Patients complun of intense pan m the jomts which
often are swollen and tender The “rheumatic” puns usully precede
the appearance of the pulmonary symptoms The articular s)mptomi,
the clubbing of the fingers, and the osteoarthropathy distppear foliowing
the removal of the tumor b the

Physical cvammation 15 certmnly not sufficrent alone to establish 4
d Even with ! exammation the dignosis cnot
be made with certanty  Hamartomas, adenomas, primary or metastai®
tumors, and pencardial cysts yield quast similar pctures Thora;almﬂ()i’
15 the sole means of ascertang the diagnosis  The tumor 35 era icate

surgically
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Chapter 16

Mediastinal Tumors

The Mediastmum —The mediastinum 1s a space or cavity between the
right and left pleural cavities which contamns all the thoracic viscera
except the lungs It 15 hned on both sides with the (medzastmal} pleura
and 15 divided mto four compartments (1) superior, {2) anterior, (3)
muddle, and (4) posterior (Frg 170)

The supenior mediastnum 1s the region above the plane that joins the
sternal angle to the mtervertebral discs, between the fourth and fifth

Fic 170 —D dxcasi0n of the med: space into four
Bronchiogenic. cancer present 1 superior mednistum (M}

(355)
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thoracic vertebrac [t contains the trachea, the esophagus, the thoracie
duct, the thymus gland, the arch of the aarta, the nnomnate artery, the
thoracic Portion of the left common caratid, the left subelavian artepes
the mnommnate veun, the upper half of the superior vena cava, the phreme
nerve, the vagy, and the Jeft recurrent Inryngea! nerve

the
116 172 —Shows direct commumication of the medzstntl space with :mnnsx:m:
neck and retroperitoneum  (hornblum, K, and Osmond, L

Coartesy of Amer Jour Roentgenol 42, 23 1934 )

The anterior mediastinum 1s the space between the stcmu;n ar:]l:;:::
pentcardiom which 1s walled off on each side by the pleurae i t Z{;d‘thﬁ
adipose and areglar tissues, as well as lymphatics, Iymph nodes
t 15 gland

h;";; srr%;dlc mediastinum contams the heirt and the pencalrdtil:::"l\,“g:‘
ascending aorta, the lower segment of the Superior vena cava, l;ea‘ gt
tion of the aorta, the trachen, the tivo man Lronch; and bmncnne)

nodes, the bronchral artery with 1ts branches, and the phr(‘;uc nednstmum

The postenior mediastinum 15 the spice between the midd) ebmee e
and the vertebral column It 1s bounded by the heart above, by
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percardum a front by the posterior surface of the diaphragm below
and is walled off by the mediastnil pleura on erther side It contuns
the thorcic part of the descending aorta the azygos and hemizyvgos
vems the esophigus nd the sympathetic and splinchme nerves

‘The mediastinal space 1s the seat of the lymph nodes It 1s also the
opeming for the passage of the esophigus the norta the thorise duct
the azygos vems and the splanchme unenes The esophagus passes
behind the trachea antenorly to the nght of the descending aorty The
supenior vena ctva with its tnbutiry the azygos ven s situated on
the nght The 1zygos vein enters the superior vena civ bove the nght
mam bronchus

Medrastinitis ~The medistinal spice communicates with the strue
tures at the base of the neck and with the retrapentoneil space  When
these areis are affected by 1 pathogeme discise the pathogens may
reach the medinstinal space and induce a medistimtis te an nflwmma
tion of the mediastinal areolar tissie  This process may also result
from affected mediastinal lymph nodes  In fact there 1s a direct relation
ship bet veen certun tracheobronchial Iympl nodes and the loclization
of the disease in the mediastinum  The lungs too are 1n communication
with the medistinyl space by way of the pulmoniry brond higament
(Fig 171)

Formerly clinicians stressed the possibility that syphilis and tubercn
Tosis may be the mam af not the sole cause of medmstuntis but recent
observers have disclosed multiple etwlogical fictors namely  trivma
infection and neoplasms

TUMORS

The mediastinal spice 15 the seat of pamary and metistatic tumors
and 1lso of cysts which are chiefly congenital (Table 19) Neoplisms and
cysts are found 1n the mediastinum much more frequently than has been

Table 19  Primary Tumors and Cysts n the Mediastinal Space

T nors
Ben gn Yol gnant Cyts
Thymog n ¢ T ympha d t wue Dem d
Thymoma Ret culumceli sarcoma Bron hog ne
“Neurogen ¢ Ly hoanrcoma Tencardial ¢ selom ¢
Neur oma Hao {ghin s d sease Ga troenter ¢
\eurofibroma Thyn ogemic E op} ageal
Gang oneuroma Thymoma Thym ¢
euroblastoma. Neurogen o Iyn 1 hang oma
Yaseul 1 \eunnoma Aen ngocele
Tlemang om1 eurofit roma
Fndorrine Neuroblastoma
Parathyroud, adenoraa Ganghoneurama

Thyro d sdenoms.
Go ter
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recorded  They cun be readily Joetted and are frequently treated with
success

The mediistinum 15 1 frequent sest of metastatte tumors Pulmonary
abdomm) and mammary cancers mvade the lymph nodes often
producing pictures charactenstic of primary meduastmal neoplasms
(Fig 172)

¢
| B
A ]
Fig 172—A tlymoma B umiateral metastasss of mammary carcinoma to hlu
Tymph nodes
TUMORS OF LYMPHOID TISSUE
f tumors encount
Lymphomas are probably the most common type of
ered} mp the mediashinal spice  This 15 because of the al:l\‘;?d\n:;;;f
lymphaid tissue present n this region particularly the mu he m e
tmum  These neoplasms are made up of cells derived from the ma
embryonic layer 1¢ the mesenchyma
nghsmsyanse from primitive reuculumh ce]lls (;et‘;iulzm(f;;}’}m
descendants the lymphohlas!
ﬁ?mas) ns) w‘ell aLs from t}:exr ‘es e ) gndy;]‘;uma ok (olsama

P P
cytomas )

| sar

RETICULUM CELL SARCOMA

Pathological Aspects ~For 1 long time pathologists hweh bee:o S!;li:;f
with the large round cell sarcoma the ongin of which they
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satisfactonily trace In 1913 Ewing suggested that its source was prob
bly the reticulum cell It was not until the indiidual publications of
first Roulet and then Oberling that the tumor was recogmized as a separate
entity and named “reticulum cell sarcoma

Although the lum cells are d throughout the body, they
are found n the lymph nodes 1n wide agglomerations  They make up
the bulk of the stroma as well as the germunal centers of the nodes In
most mstances therefore the sarcoma anses i the lymph nodes In
24 of 48 cases studied by Jackson and Parker the sarcoma arose m
the lymph nodes 9 m the retroperitoneal 6 i the | 1m
the iliac 2 1n the cervical and 3 m the mediastinal nodes Only 1
ongnated 1n the bones 11n the tonsils and 1 10 the spleen

The relationship between reticulum cell sarcom and lymphosarcomt
has been a subject for discusston  One group of mvestygators mamtamed
that the retrculum cell sarcom 15 an autonomous chmcal and patho
logic1l entity another group stated that 1t 1s 1 form of lymphosarcoma
and therefore apphed the term “lymphosarcoma of the reticulum cell
type” or “reticulum cell lymphosarcoma ”

Although the genetic relrtionship between the two types of sarcom s
not contested, climeslly they present distnct entittes  Repcnlum cel)
sarcoma may anse mn the sheleton and m the central nervous system ®
while lymphosarcoma has not been known to onigmate in exther of these
sites

The age mcidence 15 likewise ot vanance A generalized reticulum
cell sarcoma of the lymph nodes appears most frequently in persons
between the 1ges of 50 and 70 Only the sarcomas that onginate 1n the
sheleton are encountered i those under 20 years of age  Lymphosarcoma
has two peaks The incidence an the first peal. 15 up ta the age of 10 wnd
in the second between the ages of 50 and 60

Unlike lymphosarcoma which 15 often accompanied or followed by
Iymphatic leukemia reticulum cell sarcoma his not been observed to
show leukemic changes n the blood

The cells in retrculumn cell sarcoma resemble the parent cells morpho
logically displaymng ameboid phagocytic properties (Fig 175)

Clmical Aspects —Reticulum cell strcomn 1s 1 malignant metistasizing
tumor (Figs 174 and 175) In  semies of cases studied by Jackson and
Parker the tumor invaded the hiver m 10 cases the pancreis m 9 the
spleen m 8 the adreml glinds 1n 7 the heart n 5 and the lungs m 6
The pul y ted of scattered nodules
Pleurisy with effuston was found mn about 7 per cent of the erses

The smitial mamifestations of the drsease are revealed i the appearance

'
*The first case of ret culumcell sarcoma of the bram was roported m 1928 See
nied B M Sazcomatosis of the brain Arch Neurol & Psychut 15 205 19%
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—~Reticulum cells of the bone marrow

Fiec 173

Fre 174 —Reticulum cell sarcoma of the mediastnum ~ Cut surface
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of cervical lymph nodes The nodes usually 2re firm attached to
the overlying skin and resemble metistatic ciremematous nodes

The symptoms are protean and 1t the onset are not pathogno nonie
Weakness anorexia wd vanous other charactenstics of malignant
diseases occur  In the more advanced strges pun mn the chest dyspnea

B ave B O By TTTER]
E;?ﬁ??% é?ﬁ‘?@ el
5o Lotiaig el 3
TR WK QN

Fic 173 —The h stology of the ret cul m cell tamor 1l strated n F g 174

hotrseness nd epistavis are present  On percussion one notices 1 widen
g of the wrea of flatness of the medistintl space  The dignosis 1s
essentiilly based on 2 biopsy of an accessible lymph node

LYMPHOSARCOMA

Lymphosarcomas ongmate from Iymphocytes or lymphoblts  As a
rule they start in one lymph node or they may appear i many Jymph
nodes simultweousty The cervical abdommal and medistmal Iymph
nodes are considered to be the most common mitial s tes ( Fig 176)

When a lymphosircoma ongimtes from 1 mature lymphocyte 1t forms
a new growth which 15 defined as “lymphocytoma” (lymphosarcoma
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Fic 176 —\fed ast n ! lympl osarco na

1
lymphocytic type) The lymphocytomr usually destroys the norma
structure of the node and mfiltrites the capsule but does not metistastzé

to distant organs .
lem i e | habl. di a “lymphoblstom (lympho

i« . d metastasizes
sarcoma lymphoblastic type) which 1s Jocally nvasive and
to distant iympho:d and nonlymphoid organs 1e the heart lungs liver
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kidneys bone marrow and skin  Both the Iymphocytomss and the
lymphoblastomas are accompamed by a leukemte blood picture 1 about
30 per cent of cases

Some observers conuder the distinction between the two types to
be arbstrary because 1t depends upon the degree of differentiation
of the malignmnt cells alone However 1t 15 of sigmficance v the
evaluation of the immcdiite prognosis

Lymphosarcoma occurs with gretter frequency m persons of middle
wnd past muddle age In 51 per cent of the lymphocytoma cases and
65 per cent of the lymphoblastoma cases observed by Gill and VMallory
the disease occurred 1n persons over 50 vears of age

The wadence n the male sex outnumbers the female 2 to }

From Table 20 1t cin be scen thit out of 73 adults with lympho
swcomr the medsastinnl lymph nodes were imolved 15 times or
205 per cent

Table 20 Organs Intoled by Lymphosarcoma
Organs Ao of Cawes

Lymph 1 odes 1

‘ons Ix 17
Medustinum 15
Gastromtestis ab tract 4
Bones 3
Lungs 32

Clinical and Pathological Aspects ~V hen found in an accessible site
such as the nech the nodes re 1tmond shaped moderately soft (be
cause of the high celfulwsty and scant stroma) pamless nd arcanged
n chamns  In the thoracie cavity where they are located predomumantly
i the upper medastinum and at the root of the lungs they are
arranged n clusters that are matted together (Fig 177)

The malady first passes through 1 “slent” or inapparent phase the
durtion of which ciwnot e determmed It wsually 1s revealed when
node appears on the surfice or when medistmal structures are bemg
compressed The lugher up n the medirstinum the nodes are located
the sooner they will begn to mnfest themselves because of the antero
Posterior narrowness of the superior medsastnal space  Sumlly
Tnterior mediastinal tumors manifest themselves ewher than middle
or postertor medwstinal tumors  With the mereise n size the neo
Plastic nodes bave o tendency to spread aver the percardium and the
heut 1o compress one or both lungs and even to mvade the lungs and
the pleura  Of 239 cmses of lymphosarcoma Vieta and Craver found
invoh.ement of the Jungs in 24 per cent and invohement of the pleura m
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about 10 per cent The panctal pleura was found to be mvaded 1 30
per cent of the cases

Pulmonary lesions consist of 1solated nodules or diffuse mnfiltrations
Involvement of the pleura by lrge masses of tumor 1s quite character
stic Pleural effusions, due to involvement of the pleura or to pressure
on ntrathoracic vems by enlarged nodes, are not rare  Howeser,
mvolvement of these structures 1s a mmfestation of the advanced
stages of the disease In 1its earlier stages, the symptoms are chuefly

s .
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Fic 177 —\Medstinal lymphosarcom spreading from hilus to lung posteroantenot
and latcral views

used by the malignant nature of the dis
phases, anemil weahness
are the symptoms com

systemic and essentually ca
ease Indeed, even m the mapient, mapparent
lassitude, and dyspnea on moderate evertion
pluned of most frequently

Examnation i ces of lymphosarcomi reveals
area of dullness in the upper medastinum, because
nodes which grow from the mdhne m both directions o
signs of pressure on the mediastinal structures supervene v;l(he o
vancement of the disease Roentgenological examunation of e o
supplemented by a biopsy of an accessible nade, bane manmv,eocss};nml
will reveal the character of the disease Indeed, both tests ar e 10
—the tray, m order to Jocalize the mass, and the biopsy, tllcl eposes
ascertamn 1ts structure  When removal of tissue for diagnos ;‘c e};l [
cannot be performed, a therapeutic test by radiation 15 prac

2 widening of the
of the enlarged
Cough an
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phosarcomns are rubosensitne while thvmomas terttomas cysts and
metastatic or prmary carcinomas e only shightly affected by radiahon
if atall

HODGRIN S DISEASE

Since Hodghin published his papes m 1837 the disease which bears
his name his been desersibed by 9 varety of names among wlich tre
hmphade 1, malignnt lvroph Ivmph lymphogr tnalomat
wd mahgnant grnuloma  In recent vewrs however these has been
1 tendency to employ the term “Hodghins isease 1 suggestion
enginally made by Wilkes 1n 1867

Pathological Features ~The ctioJogy of the disease remuns un
known and mvestigators are still uncertun as to whether it 15 of 1
neoplastic or an wflimmitory ntare that 15 cwsed by a virus

The mam histologic]l charactenstic of Hodghis disese s the
presence of Sternberg Reed gant cells i the tissues  In the opinon
of some observers 1t 1s a conditio sine qua non  The lesion c1n be rec
ognized 1n sts early stages by the prolferation of reticulum cells some
of which evolve into epithehoid cells and others mto grant cells  The
mature lesion represents a “melting pot of cellulur elements oi.
reticulum cells Sternberg Reed grant cells hmphocvtes lmphoblusts
myelocytes plisma cells 1nd evsmophiles  Qccasionally one yanety
will predommate  Another featurc of the disease 15 the scattered arens
of necrosis of the 1y olved gland followed by fibrosis

The chissificrtion of the disease mto three categores te parigrm
loma granulemi and sarcomi~although not unnersally adopted— s
useful.

The parigranulomt 15 chiractenzed by the appeirmce of superfen]
cervieal lymph nodes which are firm pamnless and outwardly normtl
but closer study will show nfiltration with Jvmphocytes and chareter
vtic Sternberg Recd giant cells  As a rule the medzistmal lymph nodes
1 these cises are not mvolved  The disewse runs a protracted course
and resembles wn mfective process 1ather than 1 neoplistic one

The most frequently encountered Hodghm s granulomn 1s m1de up of
vanous cells  But unbike the paragranuloma it affects virtually every
orgn except the centril nervous system 1e the mternal Iymph nodes
the bones and the visceral organs The lymph nodes show destruction
of thesr structure 1ny 1s10n of thewr capsule necrosis and fibrosis  Tuber
colosis wth @ simaltaneaus 1nvoltement of the lymph nodes 15 frequently
encountered  Fever {Pel Epstein type) leukocytosrs tnd pruntus often
accompuny the discwse  The svmptoms are viewed as fnormg the
concept that the malidy 15 pithogeme rather thin neoplistic

Hodghins sarcoma 1 v isive and destructne disease of muddie

wd pist middle age 1s made up of large mononuclear cells reticulum
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cells, lymphocytes, plasma cells, and Sternberg Reed gant cells [t has
a tendency to propagate widely and to affect any organ, including the
central nervous system

Two varieties may coevst m one individunl and even m the same gland
While a less mihignant type may be transformed into a more malignant
type during the course of the illness, the reverse of this has not been
ohserved

INTRATHORACIC
Mediastinal

Hodglns disease affects the lymphoid as well as the nonlymphoid
organs  Sternberg found mnvolvement of the lver m 38 per cent
of cases studied and isolvement of the spleen n 80 per cent of
63 cases of Hodglan's granuloma, Jackson and Pirker found the spleen
to be affected m 47 mstances, the Iner 1n 31, and the bones in 35

The fact that the mediastinal lymph nodes are usually mvolved 15
widely known In the above mentioned 63 cases of Hodghm's gram
lom1, Jackson and Parker found these nodes to be diseased mn 59 m
stances 1In 9 cases, the mediastinal lymph nodes were found to be
the primary sites  In 32 cases of Hodghin's sircoma the same authors
found that the mediastmal lymph nodes were mvohed 14 times and
mn 1 of these cases the disease seemmgly onginted m 2 medsastmal
lymph node In many mstances the process was confined to 1 grm;f’
of lymph nodes only Thus in 19 of 77 cases studied by Kasbac
none showed 1m olvement of the peripheril nodes This obsem;hg"
1s of importance because 1 negative finding 10 1 node does not excluce
the presence of the diseisc m other nodes f—

Hodghins disease prmanly and predominantly affects the lymp
nodes of the middle mediistnum which are seen s round or 0;1
masses at the hilus of the Jungs The belief that the pmratmcheml m:nees
are the site par excellence his not been sustuned (Fig 178)d onll
Iymph nodes of the anterior medistimum may be the first nr{) . m)’
ones to be mvolved (kig 179) Embleton and Blades descri eﬁned
stances where homogeneous sharply demarcated masses were con‘ "
to the anterior medistmum  In Salzmans cuse the anterior mednfs l:;w
tumors were solitary, round, and located on the nght side oodes
midline No disease was found n the middle mediastmal lymph '11 o

Thomson 1n a study of a large number of cases arnved at the con; :,-nur
that Hodgkan s disease onginates 1 the thymus ghnd fe,m lheh:\ i
medistinum  However, when Hodghin's disease 15 found m;freﬂm e
sternal lymphoid tissue, 1 all probability 1t has reached this are:

middle mednstinum
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Fic 178 —Hodgkins disease of the mediastinum showing imolvement of the
‘paratracheal lymph nodes

Fic 179 —Hodghins discase of the anterior medistinum  postc roanterior
and literal s1ens
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Lungs and Bronchi

The Lungs.~The lungs are affected by Hodglm'’s disease with com
parative frequency (Fig 180) At the Memonal Hospital in New York,
pulmonary mvolvement was found m 385 per cent of the cases At the
Boston City Hospital, 1 1 evid, of lung molvement

was noted m 14 per cent of cases, while at autopsy 41 per cent were
dentified In 3 cases of granuloma, autopsy revealed 1 case m which
the lungs were mmolved, n 63 cases of paragranulomn there were 2%

Fic 180 —Hodghn's discrse sprending from the Tulus to the parenchyma of the luog

f Hodghm's sircomd there

cases of lung mvolvement, and m 32 cases of
As a rule, the Jungs were

were 10 cases with the disease m the lungs
invaded from the medistinal lymph nodes .

There are cases on record where Hodghn's disease was presume(d ;7
hive ongmated pnmarly m the lungs  Weber, for instance, foun o
voluminous tumor m the lung of a woman, 73 yeus old anceme
fuled to discover abnormalities m other organs, he assumed that
disease was primanly of pulmonary erigin

Ina casel;eportezl, byPMooIten, the disease, to 2ll appcamnﬁei;}f‘:’i
started in the lungs  Jackson and Parker also outlined a mse}{;rklm
they beheved that the lung was the primary seat of the diseise e
and Hefke, m one of therr cases, found that the lung was the only t%mt
affected They discovered a round circumsenbed area of denzlr?"um“s
was indistmguishable from a smgle sarcomatous Of cmcms“ e
metastasts  Yardumian and Meyers reported a case of a man, ‘si’nl"
old who, on admission to the hosputal, showed shght cyanosts, 3
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mtions were repettedly neg ive On vray evammiton extensne
les ons suggestive of neoplism or wnfection with Mycol acterum tuber
culosss were found n both Lings At wtopsv the lungs revealed the

cells  The medsistinum ws not affected

Fio 181 —~Aff <tion of pantra he 1lymp] nodes by Hodgk ns d ese also spread ng
fron m da tral ly nph to les | Un lateral spread to the per phery

Mode of Invasion ~While the problem of the primary and sole mvolve
ment of the lungs by Hodgkm's disease has not as yet been comincmgly
extabl shed pulmonary invasion from mediastinal lymph nodes s um
versally conceded (Fg 181} Tle lungs are reached via several
avenues mamel (1) by contiu ity {2) by way of the blood stream
(Yematogenous spread) (3) bv was of the hmphaties (lymphatie
spread) and (4) by wav of all three avenues

In the pulmomary parenchvmt Hodelns disesse assumes a variety
of aspects s fallows

21
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cells, leading to therr mamifold tlnclenmg, and the aleolar sics, which
are filled with these cells, form a granulomatous, preumoma-like evudite

Capillaries, lymphatics, veins, and arteries (to 2 lesser degree) prtar
pate m the process  Granulomatous clements are found 1 the wall of
the aorta, the vena cava, and mn both the Jugular and mnommntte vems
In a ease studied by Simmons, the growth had repheed the greater put
of the right auncle, and a finger-Iike mass had protruded mnto the cavity
from the wall of the superior venq cava

SeZod Q
A Tl by
. A
“)b' o

24, T 6n3S

\.'

e ot

Fie 185 —The lustology of Hodghin's disease of the lungs

Pleura —The pleural leaflets are usunlly reached from thil mtldé::::mn]
Jymph nodes, although there have been mstances repo;teme\;; e
granulomatous “pleuritis’ was present without the myahe o oty
mechastinal lymph nodes  French chmeiins speak of a p:'c(1 ot e
pleural Hodghin's disease  Favre and Croizet have sL: ﬂ'[gn e
“infiltration may produce a granulomatous cort|('0pl(-3u1'1:lnsP ko el
63 cases of Hodgkm's1 granuloma studied by Jackson an
tmvolvement of the pleura 2 um

Whenever the plgum becomes affected, 1t 1s nccomp[:ln!e(:h:)’e‘;‘usm“
lateral or bilateral pleural effusion, which closely resem ]cscd e mch
caused by careinomr  The Auid 1s usually clear, straw-co (f);w ’msnnces
m fibrin A hemorrhagie exndate has been observed m a

ression of
A chylothoray described by Edsa lnbute:l ltorg:i):;mp
2 be
the thoracic duet o1, possibhy te tant tu e ould alss

In cases where the cti i dease
be regarded as having pt



Giant-follocle Lymphoblastoma 3

GIANT FOLLICLE LYMPHOBLASTOMA

\licroscopically the disease is charactenzed by abnormnlly enlwrged,
and mcreased number of germunal follcles (Fig 186) A penph
eral lymphadenopathy appers almost sunultaneously m the axllae, the
supra and infraclavicular fossae and i the growms  Whether the penph
eral lymphadenopathy 15 accompamed by similar enlargements of the
Iymph nodes within the body cavities has not been ascertamed  The
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Fic 186 —Gilant follicle lymplioblastoma

cells m the hyperplastic follicles are pleamorplue, and they mfiltrate the
<ipsule as well as the pencapswir fat Usually there oceurs an obliter-
tion of the normal structure of the gland, which shows an even distnbu
tion of the folheles throughout the cortex and the medully

Gyt follicle lymphoblastoma 1s observed 1 several forms te, lym
phoeytie fymphoblastie, rcticulum-cell and as Hodghins disease  In
most mnstances 1t eventually assumes the form of hmphatic leukern,

retieulam cell sarcoma or Hodghins disease, and dissemmates through
out the body °
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Guant follicles are found m the Jungs, and effustons are found w the
pleural cavities m from 10 to 15 per cent of cases It 1s of mterest that,
unlike other malgnant lymphomas, 1t tends to produce chylous pleurat
exndates 1 about 11 per cent of cases (Gall ¢t al) Of 76 cases
studied at the Armed Forces Institute of Pathology, Rappapost and hss
associates found that the lungs were involved 20 times, and the medus
tmal lymph nodes were mvolved m 38 nstances
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Chapter 17

Tumors of the Thymus Gland

THE THIMUS

Anatomy and Histology —The thymus 15 an intrathoracte glnd com-
posed of 2 Iobes connected by an 1sthmus  Each lobe 13 made up of
lobules that are sepirated by bands of nisswe  The gland,
wluch at puberty weghs from 10 to 25 gm, 1s tnangulir or roughly
pyramdal 1n shape and 1s separated into two segments the cervical and
the thoracte (Fig 187) The upper pole of the cervical segment 1s

Thyrod
™ artee s frem
R m vy Thym ¢ branch cf
L f thyred A

Fic 187 ~Topograpluc anatomy and blood supply of the thymus gland
(Sloan H E courtesy of Surgery I3 154 1943}

3
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attached by slender thyrothymic ligwments to the thyro d glind  These
hgiments contan branches of the nferior thyrod blood vessels  This
prt of the gland 15 also connected to the trachea the common corotd
artery nd the inferior liryngel nerve  The thorac segment hies behmd
the manubrium and the corpus stermt from vwhich 1t 15 separated by
reolar connective and lymphoid tissues It estends as far down as the

&)
®

‘i’;ﬁ' (S §@/’.

4 Tal sets ulum cell
~—~Thynus of h nan embryo 70 mm shovng tic ep
Fo 108 L] {l:ucnr]y stages of noflr ton by lymplocytes {H mm r}

s
fourth and sometimes the sixth ntercostil sprce In thet ppcd\‘ “q\fgallly
tnl space the thoracic segment rests on the right auncle “:mni e
covers the supertor vena cava It 15 attached to both mno‘m o o
but more firmly to the left one  The thoricic section ix;gr e e
ta the mediistmal pleura and the pencard 1l sac Ex}clc{;] eghbonag
eard um to which it 1s firmly bound 1ts connections wit

structures are tenuous
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!

thymie Iymphocytes” Cells of a hurger size contuning poorly defined
cytoplasms and ovoid nucler as well s cells of the reticuloendothelial
group are scittered between the thymocytes The medulla 1s made up
of large cells that anastomose and form a so called “epithelial reticulum *
It also contains the charictenstic Hassalls corpuscles (named after the
Bntish physictan Arthur Hill Hassall 1817-1894)

The histogenests and nature of the cells of which the thymus 1s com
posed remain unsolved Embryologically the thymus onigmates as a
pured organ from the endod, 1 epithehum of the third hual cleft
Hammar (who devoted his entire hfe to the study of this gland m man
1nd the lower ammals) and Miamow (who mvestigated the thymus
m tissue cultures) found that at the eighth or nmth week of embryonic
life the epithehl reticulum cells are nfiltrated by cells from the neigh
bormg mesenchyma (Fig 183) These cells prul:fente mature and

1y assume the morphology an Gradu
ally they squecze out 1 large pomnn of the epxlhclml cells and form
the bulk of the gland which assumes 1 dual structure comprised of a
lymphord and an epithelial component

This dinl concept was contested by W miwarter and by Stoehr who
stited that the lymphocyte hke cells e also epithchal i nature It
15 mteresting to note that some observers have even expressed doubts
1s to the epithelial nature of the epithchial reticulum cells

TUMORS

In the past the thymus glind was regarded as the seat of a vartety
of mtnigumng ncoplasms Mo group of tumors has more successfully
resisted attempts 1t mterpretation and clissibcation than those of the
thymus” wrote Ewing  As v result of imestigations conducted n
recent yeurs the gret viriety has been considerably reduced  Ounly
1 small percentage of tumors described as  thymic” were found to
have ongmated m the glind miny were grinulomas erroncously
mterpreted s thymogenic tumors others were lymphomas and still
others metastaic caremomas  The mediistinum  which 1s nch 1
lymphotd tissue 1s the starting pomt of many types of lymphomas
mcluding Hodghins disease At times these tumors engulf the thymic
arca meorporating or totallv obliterating the gland an occurrence which
gves the impresston that the tumor 1s thymogeme That eancer of
the lung often assumes 1 mediistinal form 15 widely known  \hinute
renal pereatic and bronchiogenic cancers frequently yield metns
tases whtch are chiefly confined to the medustinum  Therefore they
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too, were erroneously diagnosed as prmary tumors of the thymus
Seybold and Ius associates stated that most of the cases reported as
primary thymic tumors by the authoritative patholognt, Symmers, were
metastatic from cancer of the lun

Both the pauaty of hnowledge concernmg the patentralities of the
thymrc cells and the fact that, until recently, vestigations had been
conducted enly on postmortem material have led to erroneous concepts
Lwing based his classification on the assumption that all mabgnant
tumors of the thymus onginate from the eprthebal reticutum cells others
believed that tumors may anse from both the eprthehnl cells and the
lymphocytes (thymocytes) Therefore, they diided the tumors wte
two categortes, namely, carainomas and lymphosarcomas  Lowenhaupt
Disted six types of thymic tumors, stating that each type reproduced
(“recaprtulated’) a phase through winch the thymus glind had passed
i utero Mixed tumors of the thymus, ¢, “granulomatous” and other
varteties, were “isolated ” ‘

THIMOMA

Close scrutmy has revealed that the thymus gland yrelds one mcon
testably indigenous tumor, which 1s defired as “thymoma” The term
was mntroduced by Grandhomme 1 1901, and although unnerstlly
adopted, has been iterpreted i varnous ways  Crosby, who summ wmized
the literature 1n 1932, stated “the consensus 1s that the term “thymom?
should be used to designate any primary maltgnant tumor of the thymus
This view 15 contradicted by present diy observers

Topography—Gross Appearance —Thymoma 15 a growth confined to
the anterior mediistinal space at the site of the normally situated thymus
Because 1n rare nstances the glind 1s found 1n ectopic sttes, such as the
pulmonary parenchyma, the neck, or the pleural surface, the tumor 15
also found there Lo

Excised thymomas, although generally varable in size, 1e, from o
10 cm 1m length and from 1 to 5 em in widtl, will sometimes mi\m mucr
larger proportions They vary m weight from 5 to 150 gm, :z“’e‘:re'
thymomas weighing 300 gm have also been observed US“C‘SY ;l}y’mus
egg- or pear-shaped (Figs 189 and 197) and are surrounded )Xath T
capsule, which 1s partally or completely enveloped by normal n)d o
tissue  The outer surface of the growth 1s humpy but smamht: amou7
cut surface, which 1s grty and crumbly, 1s divided nto Jobules o hﬁssue
dimensions  Each lobule 1s surrounded by # band of connecte "
(Fig 190) Occasionally cysts of varous siz€s and sh:lp‘e‘s are s:lce(’“
ered and sometimes depostts of caleum are observed n the cap! o

Classification—Microscopic Structure —Accordmg o structur®
tumor 1s classified mto three main types

the



Fie 190 —Cut surface of the thymoma showing divis on of the tunor into lobules
‘urtounded by bands of connectne e
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1 One type 1s made up of an almost pure culture of thymaeytic round
cells, and resembles lymphomn  Sparce epithehal reticulum cells are
scattered between the thymocytes The tumor 1s moderately soft and
has a rather scant stroma It has been termed “thvmocytom1” by some
writers, which 1s probably a suitable designation (Fag 191)

G Nl
‘,3'1'}?_’. ST

e
L -
G, the
Fic 191 —Thymoma A B and D posteroantertor lateral, and obhqtg‘::sews
Justslogy of the tumor made up almost entirely of thymocy
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2 Another type 15 composed pred 1y of the other comp
of the thymus gland, 1 ¢, the epithehal reticulum cells These cells (Fig
192) are somewhit elongated, with lrge sesicultr nucler and sizable
nucleoly, arranged i sheets and cords
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Fic 192 —Thymorma made up of epithehal reticulum cells 4 low and B lugh power

3 5till another type 1s composed of a micture of both components of
the thymus, the P lum cells and the thy t In the
Nterature this type of tumor has been termed “lymphoepithelioma” This
titte however, 15 mappropriate, because 1t imples malignancy (epithel
toma 15 used to designate carcmoma)  The two types of cells are found
mtermungled m some places and clearly segregated m others (Fig 193)

The last two types imutate the usual structure of the normal thymus
gland, 1¢, they are made up of nests of cells separated by thick bands
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of connective tissue In the first type the connectne tissue partitions
are rather rudimentary I have never seen Hassills corpuscules n such
tumors, although some authors have noted therr presence  Mitoses
have not been observed, and generally these tumors are, to il appear
ances, benign

lis and thymocytes
Imost entirely

lum cel
Fic 193 —A, thymomt made up of epitheln] reticu

(so clled dymphoepithchoma of the thymws) B, an area mide up a
of epllhehaf reticulum cells

‘Thymic Cancer—Mal, Tt ~The I contuns akclzg
siderable number of cases deseribing carcinoma of the :}h}:,ml‘x; ts;m“)’
But, as stated above, such diagnoses have been rcgadr o A
if not generally disproved In frct, most Dbserlvers tusea};’ e e
opinion that thymomn 1s myvarnbly a benign neoplism D%r o s
associates defined thymom1 as a slow growmng tumor e ot
gland which has ansen from the epithelial and th)mo;‘gmge -
the thymic parenchyma  Iverson found thymomn et
Jated lasm of the anterior anismg n s
d 1 f cells™ A quasi simifar view
land and showimg various mrxtures o Y T emoried m
mamtamed by Castleman, who emphasized that “the cises
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the Lterature as malignant thymomas with metastases to distant organs
do not hve the morphologic features pithognomonic of thymomas They
are usually milignmt lymphoms teratomrs or metistatic carcinomas
of the mediistinil lymph nodes” In 4 study of 50 cises diagnosed as
thymomas Iverson found that only 27 of these were diagnosed correctly
Of the remuning 23 8 cases were found to be thymic carcinomas which
resembled seminomas or disgermmomas 5 eses that had been diagnosed
as th were 1dentified 1s med 1l lymph nodes shich showed
reactive changes m the follicles simulating Hassalls corpuscles and
the remaiming 10 cases were compnised of Hodghins disease lymphomas
and possibly metastatic earcomas
The presence of a tumor m the nexghboring structures 12 the pleura
the pericardim and the surface of the blood vessels has been mterpreted
s an mmplantation not as 1 metastiss  Indeed embolization (the mamn
feature of a metastasis} has not been observed m expanding thymomas
Moreover the tumor did not recur when it was removed before the
mplantation had taken place
However a spread vin the lymphitics wis observed by Castleman
Who mamntains—in spite of this—that thymomns e bemgn He described
a case in which a biopsy of an avllry Ivmph node showed the presence
of a thymoma whose extensve spreid from the mediastirum wto the
aulla was revealed only at autopsv  In another cuse reported by hum a
thymoma had spreid over 1 large part of the nght pleura extending
through the dinphrigm and 1nvolving the surface of the hver In still
another case the thy ded 1nto the abd retrop: ally
m addition to which 1t formed a large periortic mass
From a study of 19 cases Efffer ind \McCormack concluded that
“thymic tumors may be wildly malignint” Binkley and his assoctates
found thit 16 of the 21 cises they studied were mahgnant Quahfy
mg this however Effler found thnt the tumors are Imted n their scope
of metastases ™ and Bukley lent him support by failing to find distant
metastases m any of hiy patients
The crux of the question lies 1n the mterpretation of the term malig
nincy 7 Castleman concedes that 1f mplintation evtension and vt
sion of neighboring tissues denote malignincy then some of the thy
mom s are malignant
The case to be deseribed d 2 thymoma with hem:
metastases

(3

Hlustratie Case

Case 20 History A woman 47 vears of e was admitted to
the hospita] compluning of wetkness generalized pam loss of
weight and fever  Her allness tllegedly had started after a fall
about 18 months prior to hospitalizaition with pun an the Jeft

2
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side of her chest and shoulder At that time roentgenological
exarmmtion of the mjured parts as well as the entire chest re-
vealed no abnormalities  Several menths after the onset of the
llness she noticed a “bulge m the lower left part of her chest
the promment arer of which was pasty  Her weakness stead
1ly mereased and she begn to lose weight  She finilly beeame
bedridden and w1s hospitihized
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Fic 194—\algnant thymom1

On admission to the hosprtal she nppcmred quite in f;]‘}::::él
thorix showed a shght doughy prommence of the s‘o“ e
but revealed no evidence of maligning Roentgeno! obzc?i b
amination of the chest showed 1 shadow whach sug,ges“ g o
presence of flud mn the pleurl exvity {but 2t au‘tops!;;ﬁ‘ ]
sion was found there) The ninth tenth and (‘e;c i
vertebrae and the fourth and fifth Jumbar vertebre show

of bone absorption which was attributed to mv::lﬂStd\S:s‘e“ vecks

The patrent s weakness progressed and she die
after she entered the hospital
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Atautopsy it was found that the antertor mediastinum contarned
a firm tumor mass 1dentical 10 appearance with a nommvoluted
thymus It measured 10 by 6 cm and extended from the sterno
claviculir junction to the xyphoid process overlaymg the great
vessels of the nech In the lower portion it was divided mto two
prolongations which spread over the pericirdium to which the
were firmly adherent At the nght border the tumor was a

Fic 195 —Metastasis to th ¢ pleura from the thymoma shown 1 Fig 194 Note the
1ob slar partition of the metastatic growth imitating the pri nary tumor

herent to the night middle and upper lobes of the lung mto
which 1t penetrated for 1 short distance The pleura was
markedly thickened and contamed nests of tumor cells In
the region of the tenth nb postertorly the left pinetal pleura con
tamned a small nodule embedded m the pleral leflet but the
left lung and the bronchy were normal A tumor nodule about
5 em in diwmeter was found m the lower part of the nght lobe of
the ver Just below the neck of the gallbladder
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Comment ~The location of the mass m the antenor mediastior,
shape, and its hustologreal structure (it was made up of the epitheln!
component of the thymus ) were charactenstic of a thymogenic neoplism
Its histological structure, however, was not alone sufficient to label the
tumor as mahgnant (Fig 194).

Although no tumor was present m the lungs, the pleurac contamed
several neoplastic nodules embedded an dense, hbrous (almost hyaliatzed)
tissue  This pleural growth (Fig 195) showed an snsular grouping of
the tumor cells surrounded by thick collars of dense, connectrve tissue
almost sumlr to the pattern of the normal thymus  Now these pleura
nodules were possibly produced by implantation of tumor cells, but the
hepatie tumor was m ail likelibood a hematogenous metastasis Albsty
the tumor almost enveloped the large vessels of the neck

Soutter and hs associates stated It 15 reasonable to conclude that
thymomas are malignant about 50 per cent of the time, and that local
maston nto the pericardium and lung or about the great vessels occurs
m roughly 1 out of 3 Implints 1 the chest cavity my be found m 2
snth of the malignnt tumors, but lymphatic embolic spread 15 yare

THYMOMA AND MYASTHENIA GRAVIS

An etological reltionship between thymom1 and myasthema gr'!;:;
was first suggested by Wergert who found thymoms in patients % "o
had dred of myasthema gravis  He conjectured that the two chseases ¥
relted etiologically  Since then, this combination has becn a];sel?(;*
repeatedly  Bell found 10 thymomts m 56 patients who had dred =
myasthenia gravis  Blalack found 2 occurrences of myasthenta gr'aht_
m 20 thymectomized mdwiduals, Keynes found 41 1 260 eversed thy

out
muses, and Eaton and his assoentes discovered 32 1 206 cises Ag s
15 per cent of patients with myasthenia gravs had thymomas ar:{ﬂd

per cent who htd thymomas suffered from myasthensx gy l;' ::{eno\‘
if an mdividual with myasthenn gravis reveals a tumor i the 2
medistmum, the dignosss of thymomas vartuilly certan e
Some observers have stated that myasthenia gravis 13 d)\;e w0 :l;ncm“
tion 1n the phystochemical processes that imtiate muscul br Ee e.n e
In theory, the chemical substance 1s promptly by drolyzed by A
holmesterase, which mterferes with the  chemcal fsubs:z:ﬁ:' o
longed action According to Constant, the symptom o n:zluctmn rom
ness m myasthenta gravis 1§ due to an mterfercunoe w C;J ek
motor nerves to muscles, which 1s caused by a “thymic ia "
Other obsenvers noted simlinties between the symptﬁz‘n oF on
thenit gravis and those praduced by the mtmve{:o{;}s lfsl]::mes O corare-
Therefore, they suggested that the thymus proot l) o s should
Lke substance Stll others suggested that myasthenia gt

f myas
rare
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be considered not as an autonomous discrse but as & mmfestition of
dyspitartanism  They also conjectured that it 1s possthiy related to an
adrenocortica) msufBerency

Mieroscopie studies of the thymus glands that were removed from
panents suffering from myasthema gravss revealed allegedly cliirictenstie
features  Thus $lown found germmal centers wlhich are usually absent
m normal glands  Although he discovered simlar structures 1 acro
megaly (1 2 out of 5 patients) in hyperthyroidism (m 5 out of 20
patients) and m Addisons disewse (sp 3 ont of 7 pattents) he beheves
that the quasi constant presence of the germnal centers m the thymus
is of signiicnce  Castleman and Norrss stated that the presence of
germmal centers 1n 4 thvmus assoctated with muolation most cer
tunly denotes myasthena gravis

Structural differences hkewise hive been found w thymomis re
moved from patients with myasthenta gravis as well as from those with
out the disease  In the latter the thymomis are characterized by a
prohferation of lymphard spmdle cell or stromal tissues while changes
in the former are evidenced by lrge pie epithehl cells which are
loosly mued with lymphocytes wnd often arringed in cards or clusters
around vessels (Iverson) In this typc of cell Iverson found evidence
suggestive of an endocrine functon

Thvmectomy ~The frequent assocration of thymom1 with mvasthenin
gravis wd the probability of an etiological rclationshup between the tno
processes prompted Blalock to remove the gland trom patients who had
this combmition  Following Tus successful operations thymectamies
were performed ob a large pumber of patients some of whom had
thymoma and some others who did not The results obtamed thus far re
maw meonclusive

From 4 review of 129 thymectomized pitients Adams and Al de
duced that 68 of them or 52 per cent showed improvement atter removal
of the thymoma  Rurklin m an walysis of 100 cases reported m the
Iterature” found that 64 were exther cured or improved by the removal
of the thymom1  heynes stated that the tretment of the tumor by
primaty eperation proved to be exceedingly unsatssfactory ™ but that by
applying srdution to the gland pror to the surgicdl mtervention the
zesulls ebtamed by hym were very different  Thus 15 of lus 18 patients
ar]c alve today and 3 patients are perfectly well  Vuts found that m
el

e

op .

wal symptoms and i another 25 per cent the results were good so that
0 per cent of selected pitients were wholly or m 1 large part bene
8ted  The operatron ™ Viets continued may not cure the diease but
2% other form of treatment 1s followed by such remissions  Eaton and
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Ins associates, whe also obtained “encouraging” results, concluded that
“they (the results) must not be looked on as conclusie evidence thit
thymectomy 1s of value mn the treatment of myasthenta gravis, since the
course of myasthemia gravis cannot be predicted with sufficient certamty
to make it possible to say that remussion would not have taken plice
spontaneausly in these patients ” Other observers recommend thymectomy
n the treatment of myasthenia gravis i the presence of thymoma only,
still others mited the operation to patients who had not responded
satisfactonily to medical therapy and did not show spontaneous remissions

The relationship between myasthenia gravis and thymoma, as well as
the effect produced by the removal of the thymoma m pitients with
myasthenra gravis, 1s further complicated by the occurrence of myas
thema gravis long after a thymomn has been removed, as illustrated
i the followmg case

Hlustrative Case

Case 21 History ~The patent was a Negra woman, 33 years of
age, married, and a mother of four healthy children During
a casual exammation at a Board of Health clnic “the Jeft cardine
border was found ‘deformed’ and suggested a congemtal heart
disease * She was referred to the hospital, where t ray examm1-
tion suggested a “congemital septal defect, or an nuncul‘:r
aneurysm’  However, angocardiograms disclosed that the ab-
normahity was i reality an extracardiac neoplasm confined to
the anterior mediastinum (Fig 196)

At thoracotomy a tumor was found at the site of the thymP:;S
gland  The tumor (Fig 197), which was readily enucleated,
weighed 15 gm, and measured 6 by 4 by 3 em 1t was mnflma-
shaped, moderately firm, and had a smooth but humpy surface
On 1ts cut surfrce 1t was lobulated, and each lobe {of vanous
sizes} was surrounded by a bind of connective tissue Hxs;:O;
logical exarmmation showed that st was made up of ce“slt ?i
resembled the epithchal retculum cells of the thymus g:mn
The cells were arranged 1 1slands separated by broad nngs o
dense connective tissue, as noted on  gross mspech(;‘ "
Within the 1slinds there was wvirtuilly no stroma, :\mzd!1 ¢
vasculanity was moderate  There was a scant sprmklmi: g
mocytes Here and clsewhere a mutotic figure counld see!
There were no Hassall’s corpuscules present (Fig 198) aned

The patient was discharged from the hospital and Yf? 11 e
well for about 15 months, when she became awnare of d( m:(ed
viston and weakness in her arms and legs  She w-lls re:l e‘!‘:vatc
to the hospital, where 1t was noticed tht she co\!(i( d“gﬁ A
her eyelids, became hoarse at ntervals, and ha hl o Zﬁer
swalloning  This condition would st for a fewG o ol
which she would become normal When guen 06 gm of g
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NS NUIPUS. H
Fic 196 —Thymoma A con entional flm and 1 tomograph ¢ flm

] ! i S
Fie 197 —Thymoma remo ed surgcally The roen femologresl sppearance of the
tumor 15 shown in F g 198
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nine by mouth, she would promptly develop weakness, dy sarthna,
a Jow voice, and droopmg of the upper hds  The mtravenons
admunistration of 05 mg of neostigmme repeated 10 minutes later
n compunction wath 04 mg of atropine would restore her health
It was indeed obvious that she was sulfering from myastheniy
gravis
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197
F1c 198 —The hustologienl structure of the thymomn shown n Fig

One half gram of neostigmmne administrated 3 nmcsrdl;‘lrlllsy 1\31‘:
the disease under control although only for short {7);’ ’due o
the supposttion that subsequent relpses \\?c Possl‘xe ynpemmm
fragment of neoplastic tissue left i sutt u;rlnggrt) e
the patient was given a course of radiation {2
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Tior and Posengy mediastinym, Withoup howesor any change
n her condition Spite of the Teostigmine thempy (20 me
apst

Camnenl~Cray observed 5 €ISes of sthenry 8ravis swhyep, had

occurred subsequeng 1o exaision of thymye tumor Soutter ang his

WSocrateg CPorted 4 g0 O 248y eqr o1q Bypertengye Boman ywhy de

velo) M asthen;, grvis 23 months ey Temova) of g thymom,
r

I MOmas haye also beey, foung 5s0ciated vy Cushm;,s Syndrome
(Hubbj, ) In YIeW of the relatve T of thyy Svndrome” g Endmg
of a hajf dozen spepy cases g Pprobaply Significant by ¢, MeANDg rem g

Ymoma anq the Hemnmpmehc System ~Clinicyt and €xpertmentg)
a et hymon m,

sbseryay EEESE 2 relaproy between 4 Ymoma anq types of
cimcrary nd aplaseyo Remias Rogs md s $S0ctates e descrbeq
40 mstanas of Young women with thymomng Wwho showeqg refnctory
Anemyyg Thesr bone mMmarrgy g showed marked Bypoplasy, of b

throd elap, s of the bope MATOW. agsonmaen 1

9 2 trangigg, thrombecy +

the Pisade of 5, & N tey
2d pligelors Tem 10 evidence of m extry

medul] ry CMRL0} | ¢ gyg The ruthors could ngt demonstragg t defy
Ciency ny hem'xtopmet(c factor nd faleq to absery o ? response ¢,
rherap} witly varioyg ery thropme(xc Shmulntg They believe that there
san Sliolagica) relahanshlp betyeen the thym 5 gland (or 4 0

fd certyp YPeS of yef ctory anemya Thev refer 0 7 sy, Cises

® Noted however that thymecmm} caused ng Mproyemene of
the tnemuy in they DPatients  (,, the other hand CUES £t porteg by

Huamp Teys ang g, uthy oeehy by Chediap, , Smulve ¢y pe o anemp,
Was oy Proved ) folloy i, the Temova] of he Yymus g}
The iteray MRS reparts of the A50Cttion of thymom, with
aplasty (about 90 ) Which hag p, e treated v, ACTH
(s

Flmlly WYInomag e been found to p, assoented vy, gamm,

Blobulipgp,, | S 15 known g cendition 15 Jonger regarded ag gy
Renta % hinked CQuired by adults ¢ Tactenzed
Y the totgy O low Jeyel of crrculating s0agelutining and by
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absence of antibodies and gimma globulns  The patients show virtually
no immunological response to challenge doses of antigens This “new
disease’ was described for the first ttme by Good m 1954, and since
then by several other observers A causal relitionship between thymom:
and agammaglobulinemia has not as yet been demonstrated

Furth and lus associates were able to reduce the incidence of leukemu
from 800 per cent to 99 per cent by thymectomy 1n a high leuhemic
stock of mce  Furth also noticed that although spontaneous leukemta of
mice could be inhibited with cortisone (1 ¢, by preducing lymphord and
thymic atrophy), the complete removal of the thymus h1s led to a more
effective mhibition

Age—Sex ~Statistics probably do not reflect the true madence of
thymomas because the maternl is rather selectnve and 15 provided only
by clintes that specialize 1n such cases  From a survey of the hterature
Castleman and Nornis gathered the following data wlich are based on
97 cases of myasthenr gravis with thymom= and 333 nonthymoma my s
thenit gravis cases (Table 21)

Table 21.
Age

s~ 4o- 0~ 00-
o o e T

Thymomnas - — 14 2 25 24 3 o7

(number of cases)

Non thymomas 2 31 91
{number of cases)

Thymomas — - 145 29 29 245
(percentage of cases)
Non thymonias
{percentage of cases)

t 145 per cent of the cises with

2 en thal
From Table 21 1t may be seen 0 s mome. oceusred below the

thymomn occurred before the age of
ngi’:n:)f 20 while 1n the non tumor patients, 55 per cent :f)cu‘:‘r_f‘dx::f:;:
the age of 30, and 16 per cent occurred under t'he aE;e cif‘:n q"'{)65 ad

ceen the

’ Of 59
myasthemn patients with thymom and those without mymﬁ“(‘he O
pattents with thymomn, Keynes found 22, or 43 per ccnlt] " oy oma
and 29, or 57 per cent, mn the female Of 205 patients withou!
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60 or 31 per cent were males and 145 or 69 per cent were females
In a series of 100 cises studied by Eaton and his associates the tumor
predommnated 1n the mile by an wpproxmate ratio of 2to 1 Howerer
on close amlysis the authors concluded thit thymomis do not neces
sanly have 1 tendency to develop i the male” Reynes stated that
“tumor formition 15 1 disese of the older ndividunl with mysthenit

DIAGNOSIS

Thymomn 15 1 slow growing neoplism thit rarely exceeds the size of
ahens egg although there have been cases reported where the tumor

ertatiTa — 1as been found that the usutl size

A diagnosis has probably nesver
such s widening of the arer

dullness or flatness of the upper mediastinum dyspnea couh or
cyanosis The tumor usually surrounded by normal thymie tissue bes
between the ngid sternum and the resilient heart and hrge vessels  The
latter recorl under pressure of the growth without however producing
semious symptoms

Symptoms appear when the tumor 1ttuns considerable size nd 1n
vades or implants 1tself on adjicent ital structures 1¢ the hert or large
vemns  The supenior vena civa syndrome which 15 ciused by the wrap
ping (or rarely the mvasion) of the wall of the van his been observed
W mny cases  This symptom detuls of which e descnbed m Chapter
S 15 a late manifestation  In sty early stages the tmor usutlly cn be
seen on x ry films

The roentgenalogreal extmmation should be performed with diigent
care  The conventionl anteropostenor films alone are not hways suffi
clent to reveal the new growth which may be hidden belund the shadow
of the heart or behmd other structures  Later1l wd oblique views 1rc
essentinl It should also be remembered that the thvmoma may not
always be found m the anterior upper medistnm where 1t 1s usually
present but it may be lodged further down close to the diaphragm

An anterior medistimal tumor when found m a pitient with myas
thenia gravis should be diagnosed s a thvmoma until proven otherwsse
Conversely in the absence of myastt enia gravis 1 dragmosts of cther
hymphoma enlarged vmph nodes a terato-dermosd or 1 metistatic
caremoma should be considered fiest

THYMIC CISTS
The pathogenesis of the thymic cyst 15 1s uncertun as the many other
aspects of the glind atself  In former ycars some chimeians believed that
s incepuion was due to erther syphulis or a pathogemc infection others
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thought that the lrge thymte eysts were very hhely congental i ongin,
wising from remnants of the branchial clefts

Thymie cysts are hned by a squimous, cuboidal or fattcned epithe
Imm, and are surrounded by a thick ctpsule which, 1n turn s emeloped
by normai thymie tissue  Sometimes they attun a voluminous size as
evidenced by a cise reported by Pisley, Piper, and Bowers who removed
& cyst contuming 1,000 cc of yellowish brown oplescent flud  This
prticulr mass was discovered m the anterior med: stinem of 1 male
patient 28 yers of age, during a routine ¢ ray eximnition  Except for
a moderate shortness of breath on exereise and an occrsioml substernl
burning sensation when str untng or hfting the patient was asymptomatic

Generally the symptoms depend upon the size and position of the
cyst  However, of onc 15 to Judge from the above mentioned case even
Tige evsts may vield few symptoms  Jtis possible that the resilient ¢yst
unlike the firm thymomy, 1s meipible of compressmg the Jarge ves
or the athum  When the cyst becomes enluged, symptoms appear
beewse of the accumulition of Huid or blood which normally 1s present
msmill quintitics  These symptoms consist of a tightness or 1 pun m the
chest Large evsts particul wly when situated high in the mednstinum
we apt to cwse howrseness wd difficulty in breathng

While the rocntgenologieil exummation e ascertun the presence
of a density n the medistinal spice as wdll 35 ats size and pusllw“1
the dingnosis ts mde gt n ploritory thoricotomy A cure s effected
by mans of surgical ertiep tton
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Mediastinal 101

mto the thorix with the normal descent of the heut and greit vessels
Jicobs epitomized this concept as follows Durmg the early embryonie
penod the anlage of these tumors 1s in the cervieal region long with
the lungs heart and thymus  They move mto the thorix along with
these argans  Thus 15 suggested rather strikingly 10 4 number of cases

but paticularly m the ease of Colleburg who found bind like connec

tuons from the. postcrior part of 1 lirge tumor situated mn the nght lower

anterior mediastinum that extended upward to the lower edge of the
nght lobe of the thyroid  He was able to trice v branch of the inferor
thyro d artery nto this band along with some fibers of the sterno thyreud
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g‘“sﬁ]c He ws the first to suggest the cervieal wlage of the meduastnal
St’mmd and to ssume that it originates m the thymus  In a recent
e e

um

Te
also
;:S"'"" * predominantly solid or cystic structure  The most common
“}"""’ of the evstic tumor 15 the epidermord cvst (sumphified teratoma)
. 11“ contuns hur follicles sebiceous and sweat glwnds (Fig 199)
hular debns fat and hur  Occasion ally 3t 15 traversed by solid ndges
M:minrm pscudo partitions  The tumors vary grewtly m size at hmzs
g "2 the dimensions of 4 large grapcfrut The wall 1s Bbrous an 4
o mle 1 Lined with stratified squimous cpithelmm (rarely wit
ar or cubodil epithelmm)  Like the soltd terstoma the evstie
2
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mto the thortx with the normal descent of the heart and great vessels
Jacobs epitomized thus concept s follows “During the early embryonic
period the anlige of these tumors 15 1 the cervical region along with
the Jungs hewt and thymus  They move into the thorx along wth
these organs  This 15 suggested rather stukingly in a number of cases
but pirticularly 1n the cise of Colleburg who found bwnd Like connec
tions from the posterior part of 4 large tumor sitnated m the nght Jower
anterior medistinum that extended upward to the lower edge of the
nght lobe of the thyroid  He was ble to tice a branch of the infenor
thyroid artery 1nto this band long with some fibers of the sterno thyroid
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muscle  He was the first to suggest the cervical anbage of the mediastinal
dermord md to assume that it onginates  the thymus  In a recent
siriey Schlumberger stited  Teritoma of the anteror mediastinum
probbly anses from tissue distocation in the anlage of the thymus *
Structure ~\ediastinal terato dermouds grossly and hustologically re
semble the sume tvpe of tumors found i other localities  They also
Assume a predonunantly selid or cystic structure  The most common
form of the cystic tumor 15 the (prdermoid cyst (simplified teratoma)
which contuns hair follicles scbictous and sweat ghnds (Fig 199)
eeflir dcbris Fat and hawr  Occsionally it 1s traversed by sohd ndges
that form pseudo partitions  The tumors vany greatly m size at times
wtuning the dimensions of 1 large gripefrt  The wall 1 fibrous and
as v rale 1s lmed with stritfied squimous ¢pithelium (rarely with
columnar or cuboidl epithelium)  Like the sohd teritoma the cystic
%



Chapter 18

Terato-dermoids

Definition.—Terato dermoids are congenital malformations which are
classified as (1) dermard cysts, presumably composed of tissues from one
germinal layer, and (2) 3 posed of three I layers
However, on close examimnation 1t seems unwarranted to divide these
structures mto sharply defined entities because 1t has been found that
the alleged! dermal malfe 10ns frequently contam tissues from
more than one embryomic leaflet  Also, the opmon that they are erther
entieely cystic (dermords) or diffusely solid (teratomas) his been dis-
proved  Sold areas arc present m cystic tumors, and conversely, cysts
are found n the seemingly solid growths It 1s considered more appro-
poate to designate them as terato dermoids,” which may be either
pred ly cystic or pred ly sohd It 1s perhaps of greater
significance to classify them as the mature, or bemign type and the
mmmature {embryomc) type, which s often malignant

Histogenesis and Location —The histogenesis and mode of formation
still remain unsolved It 1s surmised that they may anse from totipotent
prmmitive cells (undifferentiated precursors of the germ cells), which,
under certain conditions, produce a chaotic structure that occasionally
becomes malignant  Wilhs wrote, “At least 2 dozen dufferent histogenetic
hypotheses based on no other than therr author’s mmagmation hve been
advanced and endlessly debated ”

Terato dermords occur predommnantly mn the testes, the ovanes, the
sacrococeygeal region, and the mediastmum  They are also found s the
brain and m the retroperttoneal and mtrapericirdial regions  The preva-
lence of these cysts mn the gonads has been explamed on the supposition
that the totrpotent sex cells, or their predecessors, possess features that
predispose them to the formation of this strange type of peoplasia

Mediastinal

The occurrence of terato dermoids 1 the medistnal space has been
ays One group of mvestigators has attnibuted
ence of aberrant sex cells m the medastmum,
to an abnorm] development
It his been conjectured thnt
hus pomnt and are carried

explamed mn varous w:
their incidence to the pres
another group has mamtaned that it 15 due
of the third and fourth branchial arches

the ‘monster” cells separate from the arches at t

(400}
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mto the thorax with the norm1l descent of the heart and great vessels
Jacobs epttomized this concept 1s follows “During the early embryomic
period the anlage of these tumors g5 i the cervical region along with
the lungs heurt and thymus They move mto the thorax along with
these organs  Thus 15 suggested rather strkingly in a number of cases
but particularly m the c1se of Colleburg who found band like connee
tions from the posterior part of 1 hrge tumor situated m the nght lower
anterior mediastinum that extended upward to the lower edge of the
right lobe of the thyroid  He was 1ble to trace 1 brinch of the mfenor
thyroid artery mto this bwd tlong with some fibers of the sterno thyroid
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muscle He was the first to suggest the cervical anlige of the mediastinal
dermard and to nssume thit it onginates m the thymus  In a recent
survey Schlumberger stated  Teratoma of the anterior mediastinum
probablv arses from tissue disloettion in the anlage of the thymus ”
Structure ~NMedistinal terato dermoids grosslv and histologically re
semble the sime type of tumors found m other localiies They also
assume 1 predommuntly solid or evstic structure  The most common
form of the cyvstie tumor s the epidermond evst (simplified teratoma)
which contuns hur follicles scl 1ccous and sweat glwds (Fig 199)
cellulir debnis f1t and hur - Occasionlls 1t 1s trversed by sohd ndges
that form pseudo pirtiions  The tumors 3y greathy m size at tines
attunng the dimensions of 1 lrge grapefrut The wall 1s fibrous and
as a rule 15 hned wath stratificd  squimous epithehum (rarely wath
columnar or cuboidal epithelium)  Like the soltd teritomt the cystic
2%
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5 apt to & mahgnant transformation  However, the
tendency of the cystic type to become malignant 1s much less pro
nounced The ratio 15 about 1 to 3

The pr ,_’ ly solid times called the “unorganized
teratoma,” an contradistinction to the “organized teratoma’ 1w which
rudimentary organs are formed-is d of 1 Y
neoplastic tissue of bidermal or tridermal ongm that lacks the propensity
to form organs The neoplasm usually 15 made up of solid nests of
) pithel tissue, cartilage, smooth and striated
muscle, gha, respiratory, mteshnal, and renal epithelum, teeth, bone,
and hair - The tumor may remam bemgn mdefinitely, or 1t may undergo
a malgnant transformation limted to the epithelum

Location.—~Terato-dermouds are located 1n the anterior mediastinal
space behind the sternum and often lean toward one side of the theracie
cavity  Occastonally they extend mto the upper mediastinum and pro
trude into the neck Of 15 cases observed by Harrington, 6 projected
anto the left side, 6.mto the night side, and 3 projected mto both sides of
the cavity In 2 cases 1t was confined to the anterior and superor
mediastmal spaces and extended mto the nech

Age ~Because the tumors are congemtal, the patients” ages at the time
the symptoms first appeared are gnen  In the above-mentoned series
outhned by Harrmgton, the youngest patient was 17 years old, and the
oldest was 59 On the average the symptoms appeared at the age of 32

Sex —The mardence of terato-dermords 5 almost equally distrbuted
between the sexes  OF 177 cases collected by Rusby, 91 occurred m men
and 86 m women In Harmngtons terato dermaid cases 12 were women
and 3 were men  Malignant tumors were obsersed predommantly i the
male following a ratio of 8to 1

Malignant Transformation ~In 191 cases of dermard cysts and tera-
tomas of the mediastinum reported by Hedblom, 17, or 89 per cent, were

1 In 1936 Houghton found 24 add ] cases i the hterature,
to which he added I of his own  Lappily, 1n a senies of 246 cases, found
that 28, or 114 per cent, were malgnant, Heuer and Andrus found
mahgnant changes m 5 out of 13 cases, and Blades discovered mabg-
nancies in 8 out of 20 cases

From a review of 200 reported cases, Fov and Hospers estimated that
about 55 per cent were simple dermaids, 25 per cent were complex,
benign dermoids, and 20 per cent were malignant dermords In most
instances it was a single element—the eprthehum—that became mahgnant,
but 1n a few cases two elements underwent a malignant metamorphosis
In the 2 cases of solid teratoma reported by Fox and Hospers, 1 contamned

clements denved from at least two germinal layers Tt consisted of
localized, ad, and tous changes The sarcoma
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had mvaded the lvmph nodes the lungs the Iner the spleen and the
bone marrow

Houghton's case concerned 2 man 22 years old whose symptoms of
medistinal obstruction had begun 10 months before hospitalization  He
had apparently died from mechimenl strangulation that had been ciused
by pressure  The awtopsy revealed that there w1s 1 sohd teratomn
weighing 1590 gm 1n the medistinum  wath metistases to the pleurs
the Jungs the lver the vertebral column and a single pertbronchial
lymph node There was also atelectwsis of the nht lower lobe and 1
hydrothortx on the right side  The teratoma was of the complex type
with denvatives from all 3 embryomc Iyers

Chongoepitheltoma —Chort repitheliomn 1s a subvariety of the embryonal
adenocaremomt  In the femtle 1t anses from the epithehum of the
chorionie vills and in the male st ongimates from the germunil (undiffer
entiited totipotential) cells which are found o teritomas  Formerly
whenever 2 teratoma with chorioepithehomatous chnges w1s found in
the medzstinum 1t was regarded 1s 1 metnstasis from the testes even
though there was no tumor i the gonids This was based on the
observation that (1) chonocpithebomrs after having metistasized to
istant orgrans heal spontaneously (the reg of n ct pithell
i the female his frequently been observed) wnd that (2} testienlar
teratomas are easily overlooked because they are usmlly of ¢ very small
size  Although these observttions have been proven to be correct m
the majority of cases there 1re mstances on record where the medins
tinum was found to be the prnmary seat of the growth It 1s beheved
that the medistinal chortoepithehomas Iike the retroperstoneal choro-
eprthehoms which anse from aberrunt testicular tissue {the so cllcd
abdominal testes™) also anse n loco from aberrnt testiculur cells (the
so called mediastml testes™) It 1s well to pomnt out that while aborrant
ovanan tissue has been identtfied m the medistinum aberrnt testicular
tissue has never been found there It can be seen that the ongin of chorio
epitheliom 10 a mediastmal teratoma remams “a riddle wrapped m a
mystery mnside n erugma "

The characteristics of testiculr teritomas fe  ther small size their
metastatic propensities and therr tendency to regress spontaneously after
a wide metastatic spread have prompted pathologists to study cases
with the utmost care  As a result they have rerched the concluston
that ck prthels do orsginate m med Wl teritomas and that
they coowr almest exclusvely w the male  Of all the toses thws fr
reported there were only two or threc that occurred in a female

Duration ~In cases of benign teritoma the llness mav be protracted
while 1 cses of mahgnnt tertome the course 15 rapid  In 6 of
Schh mberger s patients death occurred 52 months fter the anset of the
symptoms  His youngest putrent was 19 years old nd Ius oldest was 29




404 Terato dermoids

yews of age  Houghton estimated that the disease may last from 1
to 2 yeurs

Chnical Mamifestationg

Onset of symptoms —Although terrto dermods are congemtal tumors
they rarely mmfest themselves before puberty From Table 221t may be

Table 22
(Rusby)

Age (years) No of Cases
- T
0-9 17
10 19 27
20-29 83
30-39 37
4049 11
50-59 13
over (0 )3

seen thit i only 10 per cent of c1ses chd symptoms appear i the fifth
decade of hife while m 40 per cent the symptoms becime apparent m
the third decide  Of 10 patients of military age who had benign
teratomis - Schlumberger found 2 that were free of symptoms In
each case the disease had been discovered on a routme roentgenology
cilexunmtion It has been suggested that hormones may be responsible
for the wikening of this dormant congenttal abnormahty However
in most nstwnces the tppearince of symptoms followed a pulmonary
fection which smultineously had involved the teratord It dso his
been noticed that the onset of symptoms comcded with 2 malignant
transformition  Traum too was found to be a predisposing factor

Pain —The erliest complamt 1s pam m the upper mediastinum linited
however to the arer occupied by the teratoid It 15 probably related to
a concomitnt pleuropneumonitis to a great extent When the growth
15 sttnated 1n the upper mediastinal space 1t 1s apt to encroach on the
brachal plevus and to simulate the symptoms of the superior pulmonary
sulcus tumor  These consist of pain m the shoulder radiating down the
arm along the ulnr side numbness and tmghng 1 the hand and fingers
muscular weakness parests and Horners syndrome  Teratoms that wre
located 1n the upper mediastmum also are apt to induce a supenor vent
cava svndrome

Cough —Cough 1s more pronounced when the patient 111 2 recumhenft
position It 15 usually dry and hacking but at times 1t 15 producn;'et :
a gelatmous sputum which may contamn hair  Gross 1nspection of the

sputum 15w mportant procedure as it m1y provide an early clue
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Hemoptysis has rarely been observed but blood streaked sputum hns
frequently been noticed A tumor that 1> situated predominntly on the
teft side may cause hoarseness by pressing on the recursent laryngetl
nerve or on one of its branches

Dyspnea ~In the early stages of the disewe dyspnen 15 evident only
on exertion  But such eventuahties as 1 pulmonry infection an wcreise
i the size of the tumor or the compression of a luge sascular trunk
will 1aduce constant and crippling shortness of bretth wlich at tunes
15 asthmtie in character

Bronchostenosis—Bronchopleural Fustula ~An expmding ter 1o dermond
may compress one or two bronchr and cause stenosis of the bronchit
lumip1 sometimes it completely obliterttes them  The scgment of the
Tung that 1s furthest from the obstruction becomes mfected with ptho
gons which may produce preumonttis an ibscess and bronchiectasss

The pleur:t cavity too becomes molved bv wayv of 1 bronche
pleural fistuln It has been observed that a neglectcd teratomn mav lead
to an empyema  Occasionilly the empiema 1s caused by ¥ spontineous
rupture of the cyst wato the pleurl caviy

Diagnosis ~The apperance of charactenstic ssmptoms usutlly 1s a
sign of m mfection or of 1 mahgnnt tinsformition of the tumor
Therefore 1t 1> of the utmast importwce  detect the diseise m ats
presymptom ttie stzge It 1s dafficult to drignose ¢ terito dermoid be
cause the svmptoms resemble those presented by other intrathoracic
neoptusms  Inspection often reveals 1 bulging of the affected hemt
thorie particularly whea the tumors are found 10 the voung On per
cussion the ntenor spect of the <hest 1s flat wlule the posterior aspect
1s hyperresonant A prompt sewch for 1 terato dermond should ahwass
be mstituted whenever symptoms of mtrathoricie pressure occur m
young patients

In former years chinterans nttrched great importance to the gelatmons
expectorition which they considered a characterntic sign Thes dilt
gently serched for hur and st has been seported thit the discovery
of a smgle hair sufficed to establish 4 diagnosis

Whenever 2 teratomi 1s discovered 10 the medmstmum  the posst
bility that 1t mry contan chorioepithe! omtous elcments shoutd be eon
sidered  Neoplastic chortonze tissue bhe norml choriome tissue (1e
chononte villt 10 pregnancy) mnuf wetures a luternizing, hormoue which
15 detected by the Aschhein Zoodck or Friedmao tests  While a negn
tive test does not exclude the possible presence of such elements (which
muy be due exther to the msuffi prod w th t of §
or to nccrosis of the trophoblistic elements) a positive test s of ding
nostic unportance  In the presence of chonoepithehomt the prolin
exerehion 15 10 to 500 umes greater thin that observed in 2 normil
pregnancy - Tests of from Ol to 1 cc are often sufficient to produce
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positise reaction  The generally low titers for estrogens in the urine
nd m the blood, as compared with the much hugher titers associated
vith normal pregnancy, 1s an mportant diagnestic feature
Roentgenological Exammation —The use of roentgen rays 1s of great
mportance 1n diagnostic procedures, particularly m cases where rudi
lentary organs or structures (teeth) are seen Generally the presence
f a well-defined, roundish or oval mass that 1s predomnantly unilateral
» strongly suggestive of a teratoma  Meduastinal teratomas often show
reas of calafication  However, sumilar changes also can be seen
hymogeme tumors and 1n adenomas

Therapy —The growth should be removed surgically whenever possible

Hlustrative Case

Case 22 History —The patient, a white m1rmed woman 31
years of age was admutted to the Morrisania City Hospital with
a diag b bacterial end ditis and sef
She had been 1n perfect health until she had given birth to her
first chuld at the age of 23 She then became aware of weakness,
flatulence, and fleeting pamns m the jomnts Two years later, at
the age of 25, her tonsils were removed, but the fleeting articular
pams did not subside  Two years following the tonsilectomy
she began to complam of malarse, she also suffered from mter-
mittent fever A murmur was heard at the apex of the heart,
and 1t was then, at the age of 27, that the dignosis of subacute
bactern] endocarditis was made for the first tme  One blood
culture was sterle  She was given pemicillin for 10 days, and
her temperature returned to normal ~ On roentgenalogical exam:
natton of the chest a well defined area of density was revealed
m the region of the pulmonary artery, the niture of which was
not understood

Subsequently, she developed intense dyspneu, tired ver) easily
and found 1t necessary to spend a great deal of tme b:e

~t bon

and 201)
At the age of 31 the maluse and fever recurred, and on a few

occasions she had chills  She was treated with pemaillm for a
period of 10 days, with no effect

When she was admitted ta the hospital, she did not appear to
be il Her temperature was 100° F. The urmalysis showed
no abnormalities  There was a normocytic, hypochromic anemia,
and the leukocytic count showed 17,000 white cells per cu n';‘;'n,
90 per cent of whch were of the polynuclear seres o e
\Vasserman reaction and the blood cultures were negative  Her
temperature oscillated between 100° and 102° F. The diagnosis
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of subacute bactenial endocarditis was once agan made Al
though she was grven large doses of pentcaillin her temperature
did not return to normal

On the h day of | 1 she suddenly became

dizzy and moments later she died

Fic 200 —Teratoma A roentgenogram taken n 1948 B taken in 1951

v
.

Fic 201 —R oht an}left I teral v ews of roentgenogram taken 1n 1951

Autops s ~At the autopsy a lirge distended fl ctwant cystic
tumor was found firmly adherent to the sternum It covered the
hewrt and the gret vessels displacmg them to the nght The
tumor which was twice the size of the heart was firmly attached
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to the nght ventucle and the Jeft lung  When the cyst was
opened 1t was found to contaun  thich, noncdorous greenish
oty matenaf It afso contuncd msprssated grumous matennl
and a clump of ke The wall of the tumor, mesuring from 5
to 8 mm i thickness wis shaggy wd wregular  There was
nothing remwkable m the pperince of the pulmonary sessels
or the lungs

% e .
Lt
4 a s v

& e T Lare LA A

s 1n the myocardiuni
Fic 202-—A cyst at the border of the myocardium B absces?
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External examimtion of the heart was negatne A mmute
thrombus was attached to the endocirdium n the apeeal region
of the nght ventnicle, and beneath the thrombus there was a
focus of endocarditis  The mvocardium contamed an abscess
filled with pus  Abscesses were also found m the right ventnicu
lar wall, in the apreal portion of the left ventricle, and in the
apical portion of the mterventnieulwr septum (Fig 202)

Microscopieally the wall of the cyst contuned areas of squa-
mous epithelum, hair follicles, muscle fibers sebaceous glands,
and many small abscesses (Fig 203)

The diagnosis was dermoid cyst of the antenor mediastinum,

ting with at m the my d

. 4

3

\!
g

g ‘;“.‘:_)._,\-‘ S

'%.\9_\. X ¥y

al.

Fic 203 —Scbiccous glinds fn the wall of the cyst

Comment —In this case, except for the unusual mfection of the myo-
cardum  the mmifestations of the dermord cyst were rather charcter
suc The symptoms appearcd in the third decade of the patients life
and were mitrited, i all likehhood, by an mfection  The dyspnea was
caused by pressure of the dermad cyst on the heart and karge thoracic
vessels  This case illustrites an exymple of the co eustence of two
discases i which the symptoms of one diseise eclpsed those of the
other The chinicians attention was dnerted from the presence of a
neoplasm by the more drimitic miniestations of the supenimposed
wfection  The autopsy findings of 4 dermotd cyst came as a complete
surprise to the medtcal staff
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Fic 204 —Terto Dermod Angogram A lateral mgography showsng flling of
arteries also the retrosternal location of the

the nght heart and of the pulmonary
tumor  The superior vena ¢ the night ventncle, the pulmonary conus and the
pulmonyry arteries show deformities B, shows displicement of the superior vent
cua and the comprossion of the ventricle and of the pulmonary conus  The Ieft
pulmonnry artery 15 elesated and pushed medilly, the nght heart 1 filled € shows
opacification of the left heart nmfp of the gorta also deformity of the ventrcle and
antenior displacement of the ascending aort ‘The extracarchac position of the mass

15 evdent
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The use of angrography as a means of diagnosis mn cases of mediastinal
tumnors 15 discussed m Chapter 8
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Chapter 19

Neurogenous Tumors

I\EUnora.wc tumors ™y anse i the foI)awmg Structures

1 The Peripherq) nerves
2 The SYmpathet;e System
The chromagy, System

It s desirable 10 begiy vy, 2 brief TeView of the amatomy of these
structureg

ANATO\HC CO\SIDERATIO\S
Penpher:zl Nerves ~The nery cell 1 Provided vy, several shorg fibers
known o dendrtes ~ and one long fher 1OWn 15 the
0N neunte OF nerve fihe, ) Each TS cvhinder 4 enclosed ,, 1 tube
ke Structyre called “Nunlempyg which 55 mide up of ,
cells Smce these celj “ere dentifieq for the first timee by Schy, wmn they
Were named ter hym
Nerve trun), g Made yp of nnumeryhle fasercles bundles of aus
 hindeys Ench ¢ scicle pg SWrounded by 5 g of Connecty o tissue
called "epmcurmm " The ePeuriym Bles off e defined o
'endoncurmum which nsinuage themgelyes between ndividyaj aus
Yhnders The entyro Rerve trunk 1 Surrounded p,, 2 collar of Connect o
SUe termeq Permenryy (Fig 203
if
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Fic 205 —Cross section of a buman nerve Ep epincunum P, perneurtum En
endoneurtem Bnf bundles of nenve fibers A artery b fat cells (From Histology
edited by R O Greep 1951 courtesy of Blikiston Dis  McGriw Hifl Book Co )

Medullury Epithelum
G Jionie Crest

Mrgrating In(lxﬁrrcnl Culs

Sympathogoma
Sympthetic Supporting Chromaffin
)Sypstem S|H)‘=l1m‘e System
! !
Sympathoblasts | Pheochromoblasts
(Transitional Cells) ’I i
!
| {
I ! |
Gangho‘n Cells  Neundemma  Pheochromocytes ?
(Mature) (Mt} Posterur Root

Ganghon Cells

Fic 206 —Diageam illusteting the development of the cells of the nenous systent
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The sympathetic system 1s formed by differentintion of the neurocytes
1nto so called “sympathoblasts ” which m turn drfferentiate into ganglion
cells that are no longer capable of further differentiation

The chromaffin system 1s formed by the differentistion of the neuro
cytes nto pheochromoblasts which i turn  differentiate into pheo
chromocytes  Like the ganglon cells the pheochromocytes are the last
generitton and tre no longer capable of further differentrition (Fig 207)

Sympathogonta

- 1

‘

|
Sympathoblast Ple chromeblist

{Sympthoblastonta ) (Ph-ochromoblastoma ¥
!
i
|
i |
Sympathebe Chromaffin Cells
Gunglion Cells Phenchromayte
(Ganghoneuroma) (Pheocd ro nocytoma)

Fic 207 ~Diagram to show tl ¢ development of tumars from cells of the sympaft etic
nervots system {Biel ¢t owshy

The peripheral nerves as well 15 the cells of the sympathetic and
chromifin systems are potentil sources of the onign of bemgn and
mlignant tumors within the thoracie cavity

TUMORS OF PERIPHERAL NERVES

Neurinema—Neurilemoma~—Schw annoma ~Observers disagrec about
the particular component of the nerve from which the tumor anses  One
school of thought supports the theory that the neoplasm starts i the
connective tissue te the perneurium the epineuntum and the endo
feurium of the nerve trunh others beheve that it ongmates i the
neuroectoderml Schwann cells which form the neurilemma  The pre
ponderance of evidence however pomts toward the second source
henee the terms "newrmoma ™ “nennlemoma " and “schw wnoma ”

Intrathoracic Neunnoma —Within the thorix neunnoma ongunates
either 1 the posterior root of the spinal nerve or in an intercostal nene
Asarule the tumor starts in the pravertebril qutter 1e 1 the poste~
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nor mediastinal space In 18 proven and 3 unproven cases studied by
Kent and Blades, 19 tumors were found n the posterior medsastinal
space, and w101 reports obtamed from the literature, only 2 tumors
were found m the anterior meduastinal space  Indeed, m any case where
a tumor 15 found m the postersor medastmal space, there 15 a strong
presumption that 1t 15 neurogenic mn origu

S

bed
Fic 208 —Neurtnama {nenrilemomt)  The idney-shaped tumor s CIrCUMSCTIDS
and encapsulared It compresses the co

Generally the tumor 1s benign and 15 encapsulated by the p;:l:;ﬂ;:“::e
*The capsule,” wrote Masson, “surrounds the tumer eve;y\\ the pen
spot where the nerve penetrates mto the tumor, and 1 e:re,s oty
neyrium of the nerve contmnues as a capsule " The tumkar"lmlor em;
somewhat round or spherical i shape, yellow, gray, g" P‘“t; (Fig 5.08)
may attam considerable size, 1 2., from 10 to 15 em m mmeneurmumﬂ‘ i

Histalogy ~'The Instologieal picture, in mtm!hot;;l;g are desenibed
characterstic bectuse of the two aspects 1t assumes hologe who ponte d

he pat!
as Antony A and Antony B types (after ¥ Jomed
:ut thesey features) The Amtony A type shows an orderly arrang
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Hlustrative Case

Casc 23 History —A 30 year old male was admutted to the hos
pital with the diagnosis of tumor of the lung  The growth had
been discovered 10 years before during 2 routine eximmation of
the chest (Fig 210} Period ¢ exammations showed that it had
been steadily mcreasmg m size  However 1t had produced no
symptoms  The patient had been rejected for military service
because of the ntrathoracic growth

c D

urpoma B pect e tahen se en years later C and D
al and oblq e v ews of the tumo

H

Fic 210 —A med astnal ne
show the later:
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Exammation revesled ~ 1
tress The «
mn the lower
were found « > varere

Roentgenologicl examnttion of the thoray disclosed an area
of increased density which was ovord m shipe and messured 12
cm 1 length 95 em i width and 12 em m depth It was situ
ated 1n the paravertebrl region (Fig 210) of the medinl portion
of the right postenior medizstinum — The heart was displiced to
the left ~ A pneumothorix was mduced which showed that the
tumor was pul it The d wis of
the medial portion of the night mediastinum

Hourglass Neurnoma ~Hourg} are tumors that
mde up of two components nimely ntraspinal and evtrispmal Tl

419

are
hey

are bridged by 1 constricted stalk that extends through the root camil
or between the fimme (Fig 211}  Although the intrithoricie segment
of the growth usually exceeds the mtrispinal portion m size 1 most
nstances the early symptoms are referred to the traspintd portion  Thus

15 obviously duee to the sensitiv ity of the cord to mmimn) pressure

Intrapulmonary Newnmoma —As stated bove the postenor medrs

tinal space 15 the customary seit of an mtr thorieic neunmoma  In
following case the newrogenous turior was withm the lung proper

Hlustrative Case

Case 24 History =The prhent wis a gl 16 yews of age A
Toutme roentgenalogical exarwation showed 1 round arca of
density vbout 3 cm m dirmeter 1t the level of the anterior portion
of the postertor segment of the nght upper lobe It was sur
rounded by normal lung uissue w1s seprrated from the medias
tnym and showed no calaficition The romamg portion of
ths lung as well s the left hung, showed no ibnormhities
(Fig 213 A)

The pitients pst hustory was negine  Her mother hd died
of tuberculosis when the gir was 6 venrs old  Repeted Mantoux
tests and chest xrays gnen after her mothers death werc
negative  However the year following her mothers deth the
Mantoux test became positne  The patient was not seen 1gun
for several years but at the ae of 15 cume m one dw for n
routine chest x ray exammation  Dunng, the mtervening vears
she had been 1n good helth

The physical and hiboratory ¢x ummations were nonce ntribu
tory Tleround dense shadow im the lung discosered with the
TTs was tentatively dignosed as a4 tubcreuloma and the
patient was referred to the Presbyternm Hospital New York
City for an exploratory thoricatomy

the
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Frc 211 —Hourglass shaped netrinoma A
£routh 15 \olummens by intraspinal B tle traspmal and
APl components 1re about cqual in size
of Medacal Hustrations Vol 1 )
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The operation revealed 4 hard encapsulated mass 3 cm
diameter 1t was somewhat round smooth and ghstening and
was attached postertorly to the terminal bronchus of that seg
ment.  The pathologreal diagnoesis wts  newrnmema (ncuss
Jemoma) (Fig 212 B) A tissue culture of the removed tumor

L g
ey AT~

K 2
T, T
il t;vﬂ

i
e

Fic 212—4 roentgenogram showing a ne pa ma witlin e pilmonary paren
chyma B the histological structie of tle t mor (Anto y A type) The dense
Hbro s capsulc. of the tumor 15 scen on top of the pl oto merograph

performed 1n Dr Stouts Jiboratory corioborated the Tistological
Bndings  Three more cases that werc reported m the hitcrature
s ncunnomas of the lung lacked the typreil histological picture
of the neurogemc tumor  Two of the cses moked the pleura
d one was 4 pedunculated pleural mass (Lane et at )

Malgnant Neurmoma —Although the cvistence of t+ maligning neun
nom1 his been denied by many observers such cases hwe been re-
ported - The malignant neunnom is 1 metstasizing tumor derned from
the Schwnn eclls  Like the bemgn vimets at displws the pilisade
Dttern of the Sehwanniin nucler

Sainton and Lehrmute reported a cise of an rdult ke who hid
heunmoma on the dorsum of Ius foot  The tumor had developed on 1
branck of the seratic nerve  After 1t hid remvuncd Tsvmptomitre for 36
years stmihr tumors appered on the same nenve trunk on the buttocks
nd on the leg  The authors believed thit the newh developcd neun
nom1s were metastitic from the 30 yerr-old growth wlich had become
maignant Ackermn and Tuwlor observed 4 eases of neurmoma which
they thought could be designited as malignant  Three of the paticnts
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had chmeal sugmata charactenstic of von Rechlinghausen’s disease It
1s the opmion of many observers that mahgoant neurinomas occur only
1n patients with neurofibromatosis

Neurofibroma ~The terms “neurokbroma” and “neurtnoma” have been
used interchangeably, but, aside from a common Iistogenesis (from the
neuroectodermal Schwann cells), they are entirely dissimilar - Unbike the
neuninoma, the neurofibromn 15 not encapsulated It grows diffusely
engulfing the periepincural connective tissue as well as the neurilemma
Histologically 1t lacks the reg d palisading of the Sch an
nucles that 1s so charactenistic of the neurmoma It 1s composed of
wregularly interlaced spindle cells, with myelnated and nonmy elmated
neurttes—which are often oriented n relation to the axon cyhnders—
runmng through the tumor It 1s pretrcularly mteresting that, unlike the
solitary neurmoma, the neurofibroma s part of a multiple neurofibroma-
tosts (von Recklinghausen’s disease) which 1s known to have hereditary
and familial tendencies*  Also, 1t 1s noteworthy that the neurohbroma
undergaes @ malignant metemorphosis 1 a covsiderable percentage of
cases Stout found metastases m 18 of the 19 cases that he analyzed

In the majorety of cases, 1t has been found that neurofibromatosis akso
affects the shin and the subcutaneous tissue, forming tumors of varous
sizes and shapes, some of which appear as mere freckles  The bones and
the viscera, also, were found to be mvolved 1n a number of cases

Intrathoracic Neuvrofibroma —In the thoracie cavity, neurofibromt
anses either mn the paravertebral sympathetic trunks or i the ntercost1l
nerves from the Schwann cells, forming solhitary or multiple tumors {Fig
213) The latter often display stnking chmeal mantfestations  The
solitary ntrathoracie tumors remun unnoticed untif they attam a constd-
erable size, at which time they begin to cause pressure on vital organs
or structures  They also produce symptoms after they undergo a malg

nant transformation

Wheneser a tumor of neurogenous ongm 1s found in the postenor
meduastinl sprce, ¢ search should be made for stgmata of peurofibro
matosis  Conversely, n any case of neurofibromatosss, the thoracie
cavtty should be investigated for the possible presence of a neurogenous

owth
¥ h ic M. le —Menigocele 1s another cond which
accompanzes fit tosts and 15 confused with mtrathoricic nenro
fibroma  Meningocele 1s a cystic structure, the walls of which are made
t” results

up of the dura and the contents of cerebrospinal fwd  The “cys .
from a herniation of the dural envelape of a spnal nerve tbm:xg\ a
congenital defect m the bodes and foramina of the vertebrae (Neuro-
hromatosts 1s charactenzed by numerous congenttal abnormalities ) .

Welch and Ius assactites, who reported a case of a successful remm]'ii
of a menmgoce]e, pomted out that 1t anses as a lateral structure, usualiy
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projectng through the mtervertebral foramimna It then passes antenorly
between the nibs projects paravertebrally mto the thoracic cavity and
pushes the postenior panetal pleura forward The course of the mtra
thorierc meningocele 1s hike that of the dumb bell neurogeme tumors
which grow mside the spmal column and the thoracic cavity Roent
genologrcally they cast a prcture smular to a neurofibromt with which
they usually have been confused The nature of the lesion 1s discovered

{

F16 213 —A pulmonary t mor in a case of ne rofibromatos s

t thoracotc .

ficition of s
postion th

observed with the trays In the past surgical mtervention invanably
led to derth (caused by leikage of cerebrospinal Buid into the pleural
ity and by empyem) Recent reports however have deserbed
the successful removal of mtrithor ycic menmgocele

TUMORS OF THE SYMPATHETIC NERVOUS SYSTEM

R hoblast, Neurob!: ) =In the p ling sectson 1t was
pomnted out that the pumitve or formatwve cells of the sympathetic
System ie the sympathogonin differentinte mto sympathoblasts which,
' turn differentiate into ganglion cells It was found that each of these
may gine rise to tumor formation namely (1) sympathogonnt produce
sympithogomomns (2) sympathoblasts produce sympathoblstomas and
(3) ganghon cells produce ganghoneuromas
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Seat —The primary seats of these tumors are the medull of the ndrenals
md the abdomnal cervier! pelvic d thorwere sympitheties  The
adrenls we the most frequently mvolved The tumors metastasize widely
to the viscery aml the skeleton They occur predomimntly m nfancy

Intrathoracie Symp-thoblastoma —In 1937 Scott wnd Palmer eulled
from the literture 37 cses of tumors of the sympathetic nervous system
outside of the drenal medully In v serics of 48 cses of mtrathorace
neusogenic tumors Achermn snd Taylor found 3 neuroblistoms (sym
pthoblastomns)

In 1943 Saler reported 1 case of mednstnal sympathoblistoms m 1
woman 63 years of age wnd trbulited 8 ctses from the literature  In
Ins own ease the tumor 15 found 1n the 1terior mednstnum beneath
the perscardium It probably arese from the sympathetic rum of the
deep cardiic plexus

Anderson wnd Shennan rcported 1 cise where the tumor onginited
at the 2pex of the nght fung wd was attached to the second and thir [
ribs s well 2s to the sides of the dorsal vertebrae  In the case obsernved
by Scott and Palmer the tumor w1s 1etroplen] postenor to the hwer
lobe of the left lung

Some authors have deseribed this type of tumor s soft red or
brown 1 color and encipsulited whercis othors hue sud that at s
firm nodular and nonencipsulated  Dvidently the size consistency and
capsule formation depend to 1 Iarge extent upon the age of the growth
and the matunity of its cells

Diagnosis and Pro nosis —Gener1l obsery ion has sustuned the clum
that the tumor 1s ridioscasitive s¢ that stenlization 15 obtunable even
n the prescnce of hepattc mctistises  The concept thit the tumor
vaniably 1s fatal within 1 short pened has also been revised Wyt
and Farber for mstance reported that 10 of thew 10 patients were ne
2 to § yeurs after the dingnosis had been mide W rthenberg found that
of 73 patients who had been trcated by ridntion 22 were still well 3 or
more years fter huvng recened therapy  Bencventi md T\\m;:n; rca

ported the cse histories of 10 patients who remuncd m good helth for :
to 8 years fter the discovery of the tamor Beck and Howurd estimated
that of 475 cases 47 or about 10 per cent were cured

Ganghoneuroma —This neurogenous tamor onginies
differentrated and mature sympathetic ginghon cells Tt mry avise u:
the centr1l peripheril sympithetic or pwisympathetic systems ns
well as 1 the medullh of the adremils  In most of the reported cisc
the tumors occurred m the sympithetie cham ind were smmgdﬂx:
the postenor wall of the abdomen i the pntnor wpect of

f
pelvis 1 the cervical region aind m the posterior medistinom !Od
the 90 cases nna]yLed by Jmes md Curtss 15 of the tumors ongm? :.
1n the bram 7 n the cranial perves 11 1n the nech 46 0 the retrope:

from the fully
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Mediastinal Ganglioneuromas —\When found i the mediastium, the
gangloneuroma extends from the bodies of the vertebrae forward and
away from the mudlne, pushing the lungs and pleurac without mvading
them The tumor 1s moderately soft, pale gray, well errcumsentbed and
enveloped by a capsule In the process of its slow growth, 1t may attam
an enormous size (6 kg), like the gant sarcom of the pleura  Histo-
logically 1t 1s made up of (1) a collectron of ganghon cells, many of which
contam multiple nucley, (2) foar of calefication and hyalinization, (3)
myehnated and yelinited Sch heath prohfe , and (4}
arcas of cystic degeneration (Fig 214). In 60 per cent of the cases
observed, the patients were under the age of 20 The left side secmed to
be mvolved more frequently

Ulustrative Cases

Casc 25 History —A young man, 18 yeus old, had apparently
enjoyed good health until he was rejected for militury service
because of an abnermality found in his chest

Exarmnation revealed a well developed and well-nounshed
man  The entire nght thorax was tympmitic, and the breath
sounds were constderably dimmished over the mght apex ante-
riorly and the right base posteriorly There was dimmution of
fremitus and vocal resonance throughout the whole lung

Roentgenological Examination —The apev of the nght Jung
showed a sharply arcumsenibed area of density, the lower
border of which” was convex (Fig 215) A nght-antenor,
oblique view revealed a mass occupymg the posterior portion
of the pulmonary apev This was confirmed by fuoroscopy
Exammation, followmng the mducton of a pneumothoray, se-
vealed that the mass was outside the Jung  There was a shght
displacement of the heart and mediastimal structures toward the
left The diagnosis was neurogeme tumor at the apex of the
nght lung

Operation ~The tumor 1n the pleural cavity was seen as an
ovoid mass, with its Jarger pole at the outer extremity and xtf
smaller end lying against the lateral surface of the vertebra
bodies It was sifuated m the vertebral gutter, lymng transverscly
wn front of the second and thud nibs, and reached down b ihe
fourth nb It was covered by the postertor panetal pleura The
apex of the upper lobe showed a convex depression that umei
ponded with the wfenor surface of the neoplism, even being
cqual to 1t n size

Pathalogical Description
egg shaped, encapsulated, and mea
1t was rubbery i consistency and
capsule, 5 cm in thickness, which

_The removed tumor was somewhat
sured 55 by 36 by 38 em
was covercd with a smooth
was easily strpped from the
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tumor to Jeave 1 shghtly grooved surface On its cut surfice
the tisste was transhucent and pake brown i color  On mrcro
stopic exarmnation 1t wns found to be a ginghoneuroma

Case 26 History —A 21 year old male suffered from pun under
the nght shoulder for 1 period of 4 years The pam was partreu
larly severe on exertion on abrupt motion and after prolonged
use of the muscles of the upper bick  However 1t was relieved
when he Jay on hus nght side and rested bis arm m a certun
posttion The tumor hid been discovered during hrs exammation
tor mduction mto the wmed forces

R
l
e o e —~ ‘Mi

Fic 215~Gangl oneuromn of the mght apev  Lordot ¢ vew

Lhissical extmination showed him to be well deseloped nd
vell nounsshed  fhis cardie viseutir and respiriton systems
were norm as were the bods flnds

Roentgenologieal evimimation resealed 1 rounded miss of
homogencous density nbout § em n dimeter hing hteralh
to the second thued fourth nd £fth dorsil vertebrid bodies 1t
accupred the upper medal wd posterior postions of the 11 it

45 SELIE 10 DE DIOAUIY QUNLELHE £ 8 ¢ VEFCUE I COmtit
3t the Jevel of the fourth fifth wd upper hatf of the snth
Oracic vertebrae (Fig 217)  The lungs showed no disease
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Operation ~Durmg the operation an elliptical mass extendmg,
from the fourth to the seventh rbs and close to the vertebral
bodies medially was found in the nght vertebral gutter It
protruded forward mto the pleural cavity for about 6 em and
was densely and partly adherent to the fourth and &fth mbs
upon which 1t rested grng the impression of infiltrion It wis
Judged that the growth was mahgnnt nd it was removed
together with the nbs (Fig 217)

upper dorsal vertebrae Fne mo
cf dpcf tumor Rigl t and lcft lateral

Fic 216 —Gangl oneuroma situated lateral to tl
torax demonstrating the extrapulmonary locat on of
Views

Pathological Report —The specmen consisted of an encaps;lt
lated somewhat ovord mass mesurng 68 by 7 by 35 cmb
was grayish white 1 color smooth_elastic and sunourédfd S)I'ua
paper thin capsule  On 1ts cut surface 1t was shmy wnd tran u
cent and had a rather mottled appearince  Pieces of two r:] o
were attiched to the growth one piece was attiched toT }:e
surface and the other was buned mn the temor e
tumor was firmly adherent to the periosteum of the l,n}) emx: : hle
regron of the neck of the nbs the tumor had grown be wre ) he
two nibs and hd expwded on the opposite side into 3‘5”1? 5 ar
lobulated encapsulated m1ss shich measured 4 b)i 28 lzv;smn
The microscopic diagnosis was ganglioneuroma Wi

of the nbs
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FIt 217 —Cungt netramy Toster wnteror roentgenol el vew and tle cut
surface of the removed t mor
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Duagnosis —Localization —As  rule mtrathorcic neurogentc tumors
are located mn the upper posterior mediistinum  In fact whenever a
neoplism 1s found m the posterior mediastinum 1t should be considered
of neurogenous ongin until proven otherwise (Fig 218)

Age and Sex —The tumors are encountered m 1l age groups  Latera
ture abounds 1 reports of ganglioneuromns that were found m children
However when they are found 1 adults the tumors are more apt to be
mahgnant

116 218 —G1ngl oneuromn 1 the 1 pper left poster or med st num

Both sexes are about equally affected o

Symptoms —Unlike the mtripulmontry tumors the ewtrapu morcx‘erz"
neurogenic tumors mamifest themselves mildly Followng a prri;r}\imte
asymptomtic period patients begn to complun of either n cm"
pains and aches or of tightness wnd fullness i the chest Occistor 'E()"
the pum 1s radicular  In most cses as m the dlustrative ones pl;esfnm

here the new

nation of the ¢

location of the 4

of the superior cervical ginglion reched the wer of the mn;xlh Egsi:ﬁe

aside the tongue and etended up to submavilliry foss1 behn

mandible J

the crot
he neck 1t 15 located usually between

oy o t of the vagus nerve  When the upper

uces the brachal plexus syndrome
reopera

d Good

artery and the jugulir vemn m fronl

cervical ganglion 15 mvolsed 1t md
Dolleygqngl Brewer removed a ganglionenromt follo}\;mgsan[;
tive diagnosts of a carcmoma with bronchostenosis  Rigg:
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obsened a pattent 1 whom 1 gangl 1 crused
obstruction of the trachex

Pressure on the trache1 cawes cough dvsprea cyanosis stador and.
Yoarseness  Partra] occlusion of the superior vena cava due to pressure
1nd 1ces edema of the upper part of the body c¢yanosis of the face and
d htion of the supetficiil vemns (vent caval syndrome)  Pressure on the
bronch: mnterferes with 1esation and produces lobar or lobulir atclectasts
followed by pneumomtis  In 4 case of benign ginghioneuroma removed
Yy Harrmgton a hemorthagic pleurtsy was found  The oprion 15 that
primuy nerve tamors of the mediistinum are dingerous  The tumors
st ould be removed whenever possible In the matersal studred by Reat
Blides Valle and Graham 41 per cent of cases showed milignant
chinges

7 and

MNON NEOPLASTIC MEDIASTINAL LESIONS

‘The mediastinal spree mny be the sent of granulomas nd of vascular
lestons which st shadows ont the x r1y films imitibng mabignant and
b n neoplastic diseases The differential dirgnosss of these processes
15 of particulr smportance from « thertpentre stindpomnt  Some of the
les ons most commoanly encountered will be briefly described
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Substemal Thyroid ~Substernal and mtrithoricic gotters e esten
5905 of cervical goiters aristng from the Jowcr pole of exther lobe of
the thyroid or from the wthm s of the censcal part of the ghind  As
a

t
h
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Usually substernal gotters cause no symptoms, but at times they will
produce substerna) dustress or a stndor The diagnosis 1s amved at by
palpation of the cervical component of the thyroid In the presence of
active thyroid tissue the substernal thyroid can be detected with radio-
actwve todme

On tray exammation the mediastinal mass 1s visible 1n the antersor
mechastmum continnous with the cervieal opacity. It 16 best visualized
by the use of a scanogram It moves on swallowing  The differential
dtagnosts between the anteriorly located mediastmal goiter and an
antertor mediastinal neoplasm s sometines difficult The diagnosss 1s of
therapeutic importance because a substernl thyroid 15 remosed by a
thyroidectomy meision, while an upper mediastimal neoplasm requres
a thoracotomy

Aneurysm of the Aorta.It 15 generally ad 1 that the diff l
diagnosis between a thoracic aneurysm and a neoplasm 15 frequently
not only dificult, but impossible = The theory that the distmction
hes i the fact that the aneurysm pulsates while the tumor does
not, cannot be rehed on  Most of the large aneurysms of the aorta do
not pulsate, while some cystic lesions show pulsation because of ther
provumity to the 2orta  Angiocardiography 1s the method par creellence
for distinguishing mediastinal lestons of vascular ongm from those thit
are nonvascular, 1 ¢, new growths By the same method one may ascer
tain the type of aneurysm, te, whether it is saccular or fusiform, also,
whether a dilatation of the aorta or a congenital anomnly 15 invohed
(Figs 220 and 221)

Dilatation of the Major Azygos Vein —The azygos vem anses as the
ascending Jumbar veun on the right side of the abdomen at the level of
the mferor portion of the body of the fourth dorsal vertebra It nises
upward into the thorax along the susfaces of the vertebral bodies to the
fourth or fifth thoracic vertebra It then changes its course antenorly
and mferorly, and to the left to enter the supertor vena cava ('I}h:
major azygos vem acts as a manometer signaling the pressure n th
vena cava

When (ﬁ)e ternimal segmene of the azsgos vewm becomes 23ed )ft
stmulates a mediastinal tumor  Fluoroscopy during the performance o
the Valsalva maneuver 1s believed to be the method most smtable for
the determination of the vascular nature of the shadow  the

Ancurysm of the Innommate Artery —Aneurysmal ddatntmgxho o
mnommate attery occurs chuefly m persons suffenng from sypht Iscared
2 concomutant Iuetic gortitis  Arterosclerosis is veryj rarel);, con}[:al e
by an aneurysm of the te artery The s asm s
found 1 coarctation of the aorta Inromnite-artery aneur{ m
serious isease which may cause death by asphywation inc uc:ngc's).
tracheal compresston  Vascular compression results m venous
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Chapter 20

Cysts

Tue Jungs are the seat of n vanety of cysts that are of mterest per se
and mportant n differentsi] diagnosis from tumors  These cysts are
classifable according to pathogenesis structure and location  Currently
they are dhff d mto (1) tal or develop ! resulting
from a maldevelopment i utero and (2) acquired (i ewly childhood
or Jater 1n life) Congenital cysts are further divided into (1) bronchio
geme type and (2) alveolar type (balloon cysts pnenmocele) both of
which m1y be either solitary or multiple The former may contain pus
blood and clear flud and may or may not contamn air - The latter always
contins air

CON\GENITAL CYSTS

Bronchiogenie Cyst —The bronchiogenic cvst 1s the result of an anom
alous development of the lung anlage 1t 1s found n the lung and also
m the medistinum  Hustologically 1€ 1s made up of 1 wll whch contuns
Umost 31l the ¢lements of the normal bronchus mmely smooth muscle
Bburs elastic tissue eartilige mucous ghinds and lymphoid tissue  The
wall 15 lined by cilnted columnar epithelium or by cuboidal epathelrum

The bronchiogenic cyst (Fig 224 and 225) 15 usully round or oval
and may be umlocular or multioculir It hts 1 smooth surface viries
in size from 2 to 10 em and contuns an odorless visaid or milky sub
stance which may become brownish due to hemolvzed blood  Gencralhy
1t 1< located 1n (1) the upper put of the posterior mediastinum  (2)
the neghiborhood of the triwchea (1t the bifurcition) or (3) the nght
border of the esophagus Occisionally 1t 1s found attiched ta the canna
by 1stall A bronchiogeme cyst m the ingaly 15 demenstrated an
Figar, 226

Paratrachel cysts hwe been found chiefly on the nght side of the
chest the larger ones usunlly located benath the pleura the smaller ones
within the pulmonury pircnchym - Often they occupy 3 high pir
tricheal position or are loctted 2t the Ilus A considerable number of
©sts hs been found situated along the course of the ¢sophizus  Seme
were embedded in the esophigeal wall

Medistinal evsts 1re solitury {rarely multple) while the parenchymal
€3ts are small and generally multiple s a rule prenchymal cvsts are

1)
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Frc 224 —Bronchogeme cyst m 1 male of 17 Asymptomitc  Hhstologically
the wall was found to be Iincd with respiratory epithcli m an 'l tle ¢ty contan
sterile mucoid flud - The flud level 1s indicated by arrows

—— hl
-ty

]

&

Fic 223 —Bronchiogenic cyst another aspect
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Todged i the upper lobes A fact which 15 important m differential diag
nosts  The roentgenological picture of scattered {pirenchymal) eysts
resembles the picture of multiple bronchrectisis but brouchrectasts 1s
usually confined to the lower lobes

Fie 226 —Bronchugenic cyst of ! nguls 1 a male aged 30 (arros ) Awmpt matic
Lingntctomy  Tlstol geal Fad ng of an ep thelal Eaed cyet

There scems to be 1 difference of opinion as to whether under normat
ondiions there 15 1on between the bronch cvst and
the bronchus ~ Adams and Thornton hiwe stited that there 15 “na con
mection with the broncls ” and Lappih too afirmed that “wpictthy the
st does not communtcate with the trachea or the bronchi ™ However
Bhides stated that "o Iumen communscating with the trachea or the

ranchus can usually be demonstrated ”
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Sex~Age ~Bronchiogenic cysts occur at all age periods and affect
both sexes with 1lmost equ 1l frequencs They are also found m stillborn
fetuses which 15 1Wdditional evdence of therr congenita] origin

Clinical Manifestations —A cvst my be present m the mediistinm or
m the pulmoniry pirenchyma without producing symptoms  In adults
it 15 either acerdentally discovered at 2 routne roentgenological exins
nabon or unmexpectedly at awtopsy  On the other hand  symptoms
may appetr culy i hfe  As with other benign lesions of the lungs the
symptoms often depend upon the size and location of the cyst  Medias
tinal cysts are mostly asvmptomitic  Symptoms apper s 1 result of the
compresston of 2 bronchus  This causes bronchostenosis and atelectasis
of the Jung winch in tum wduce respiratory distress ( dyspuet cyanosts
or cough)  The complamts most frequently occurrmg are attteks of
dizziness eisy Fatigability pun m the chest and wheezing  These
symptoms 1re usually precipitated by an mfection of the contents of the
cyst and also v hemorrhage Such an infection rirely occurs by way of
the blood stream as some obsersers hase postulited rather it pecurs
esther by way of the t hus (most cysts tte with one or
severdl bronelu) or by contigmity from a pencystic pueymombts By
compressing the pulmonary pacnchyma the espanding cyst renders
1t vulnernble to infection  Bronchiogeme cysts bleed readly and are pt
to perforite and pour out therr contents into the pleurtl cavity In
children the occurrence of ntracystic tension 1s one of the first and most
alirming sy mptoms

On roentgenologic i eximmtion the solitiry cyst 1s seen as a round
or oyl opraity m front of the vertebral bodies Its position m the
postersor mednst nal space precludes the possibility of s bemg mustiken
for 1 thymogenic tumor 1 terato dermoid or 1 mesothelnl ¢yst all of
which are locited m the anterior mednstinal spice Nor em it be
tiken for a lymphomn smee lymphom:s are confined predommantly to
the muddle mednstmum  Bronchiogeme cysts have however been
mistiken for tuberculous ciuities pulmonary abscesses cmpyemas
Iuatus herniis and bronchiogenie carcmomas  But when 1 thick « lled
critary lesion contaming 4 flud level 15 discovered 1 bronchogeme

cyst should sways be suspected
Congemtal Bronchieetasss (Fig
cystic disease 1s the so clled con.emtal bronclnectisis This 3 oy
to resuit from blockae of the lummi of the bronchnl buds m -
embryo which eventually develop single or multiple c)sh"c cwt\,'x‘ "
structurally imitating the pattesn of the bronchus (1¢ ncluding f{]fr sgn
mucous glands and epithelnl Iining) According to Nomz :xln m{)n“
the oniginal defect consists of a sm Al nregular dihtation of ‘:c ret
bronchioles  When arrested m this stage the diatation resu ‘s‘ e,; .
or cystic bronchiectasis charactenzed by umiform sized thin walled ¢y

297) ~-Another sanety of congemtaf
s believed
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n the terminil arhonzation of the bronchtal tree  1f the process con
tmues these broneiuolir difatations are pinched off up to severd
centuncters in hameter From huger cysts  When the process 1s drffusc
1t gines mse to the honeycomb Iung

Fir 237 —Congeutal 1 roncl fectiss an 1 white female of 41 with I fe 1 ng couel
productie of 110 3 cups of yellow green spit o Repeated respiratory infectr ns
o brancl 12} stenoss on 1 ronc) asce PV Preu noncctonn disclase e of hirge cvhic
fetalie droncl i Vansted Lang, Lostoperitne cure

The congenital onigm of these avsts 1 mdicated by theie locibion 1n
the upper Tobe of the lung by Ik of anthricotic pigmentition i the
mobed partion of th hme by wide commumcition with the Bronche
and Bnally fy ghe rehtnely mild inflimmatony chinges in contrast to
B prescnt i tequired bronchicctasts of 7 quist sumbie extent  In
MDY cases thy symptoms cn be traced to <l childhood

® sts have a tendency to become mfected esther through 1 bron
chial communication or from an infected lung
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Usonlly the picture 15 that of 1 cluster of thun walled closely packed
round or oval cavities of vamable size wiuch commumicite with the
bronchial branches nd sometimes with eiwch other and which may
have one or more lobes (Fig 227)

Interlobar Bronchopui v § —A strling evmple of
cyst formation caused by n embryonic maldevelopment 15 the so called

nterlobar bronchopulmonary sequestration ” 1n wlnch the Iower lobe of
the lung 1s prtially or pletely d ar seq d (tn utero)
from the normal blaod supply The sequestered segment 1s suppled
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A large’systemic artery entered the cyst from below tf e duphragm

by «n anomaleus artery which arises from the thorcie a?rm Just a;;czvni ;_-,;;
just below the diaphragm  The artery prerces the inferior ]p:lm"e ¥
hgament and enters the seques:ered lobe The venous drainig
effected by way of the normal pulmonary vem

ﬂ;?le scqyues!zred Tobe contaums dilated (1e bmlnclu;c:alulcznbr:::{lcx
runmng parallel to the anomalous artery embedded lx]n eua o %eques
“nd one or severy thin wniled bronchiogenic ¢y stsf hsuab ); the seeues
tered segment has no connection with the rest o t; r]m i
and when a connection 1s present 3t 1s very srm”gzs s:nv!“[:ymucma
thscermible by the presence of a fund level (Fag ),
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matter 1s found in cises of mulnple cysts  The cysts show evpansible
charactensties madent to mfection or to bronchnd peclusion  Ihisto-
fogically thev are sumifar to bronchiogenic cysts

On x ray examunitton the sequestered lobe 1s seen 1s 1 crrcumseribed
tnangular wrea of density confined to the lower lobe and contwming ont.
or several thin wlled cysts  The leston 15 particularly well vismalized
by lammagraphy 1nd by a swallow of birmm  In some cases the differ
entinl diagnosis betw cen antralobar bronchopulmon iry sequestration sup
puratne bronchiectasis  wnd dinphragmatic homa mav require a
broachograpluc studs  The anamaly 1s sometimes found to coevist wath
& dnphrgmatic hernta or with an arterioenous fistufa

The cond: may romun i 1 Svmptoms are cursed by
the miection of the sequestered lobe fram the adjrcent lung  Paticnts
complun of recurrent atticks of “colls™ 1ecomprnted by Jow gride fover
clully and cough productive of 1 mucoid sputum which 15 sometimes
blood strenked  On physteal eximination the signs we compatihle with
consolulation of the lower labe Indeed the findmg iy young adults of
a rather well ddimeated arer of density 1n the postenor basal segment
of the Tower lobe (the Ieft side ss affected predomua ntly ) shauld suggest
the pasaibulity of aa mtrlobar branchopulmonan sequestr ition

The trc itment consists m the surgicdl removal of the sequestered part
of the fung

Cast

~Like the 1 1 austs gistroenterie sty are
stated prrnertebrally in the posterior medistind spuce Thoy b
chse to the soot of the Tung nd estend retrepleurally manh o the
neht side 1t D been cstimuted that abeat onc sixth of them e
cotfined to the centcr of the thorrs one fourth to the feft hemithor v
and the remuming number to the nzht hemithoras

The gastroentenie esst is pear ar oval shaped and 1 ines m sz from
240 15 eman drametcr It may contun but 1 FOv or 1 much 1 400 «
of el w wmber milky or brown fud which often cont uns Iy drochlone
] and pepun The eyst 1 wrlocular and 1s firmly adheram th the
Wjxent structures 1¢ to the esophrgus and the Jung It communic ates
with & branchus

< - [ 5

Ul seercte hvdrochlone rerd nd pepsm micntioned above 1w
@il cantuns 4 musculins mucosy 1 submucosa nd Greuhr nd Tonz
tudint muscular Jaers (There w cases on record where the macosa
of e st contuncd 1 peptic uleer  An anstance of cancer s alse
been reported )

Thes tepw of ¢ystas congerutal wnd sume ohiseriers buliese ot represents
anmtrthorice vestioe of the vitchme sac others biese st 1s the out
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come of an outpocheting of epithelial nodules capable of producing 3
gastric mucosa  Like the 1 hiog cyst, the g 10 €yt 1s
frequently accompamed by maldeyelopments in other parts of the bodv,
namely, spina Wfida, scoltosis, dnvertieula, and abdemimn! entene cysts
Although m most cases these cysts are hned by a mucosa of the gastne
type, some with enteric hnings have been observed (the so cilled
“enterocytomas”)  They are found only m adults and are situated
the region ot the lower half of the esophagus between the muscuhr
layers to which they ave attached  Gastrocnteric cysts resemble bronchio
gemie ¢y sts but contam no cartilage m the walls

Climical Manifestations —\While small cysts produce no symptoms, Jarge
ones mduce an arryy of symptoms that rcsemble mfimmatory and
ncoplastic processes of the lungs By compressing the bronchus, they
prod bronch and ol ep and by com-
pressmg the trachea, they cause dysphaga  Oceasionally they displace
the heart and Jead to the formation of a scoltosis

Patients generally suffer from a persistent cough, frequent *colds,”
pan  the chest, and, occasionally, hemoptysis  About one-fourth have
attacks of suffocation The symptoms produced by the gistroentenc
cyst are not specific and often depend upon the organ mvolved

I about 75 per cent of cases the symptoms appear m the first year of
Ife In children the eyst 15 mustaken for lymphomatord diserse or 1
neurogenie tumor, m adults 1t 1 mustrhen for 2 primary or metastatic
neoplasm

The diagnoss 1s often armved at after a thorough chinscal and Tibor1
tory mvestigition  Aspuation of fimd from the cyst (which, as men-
troned, contans hydrochlonie acd and pepsin), 15, mdeed, the el
test” that estabhshes the diagnosis

PERICARDIAL COLLOMIC®

Structure —The wall of the pencardinl cyst is made up of a thin ].\)b;
of connectve tssue contumng a few blood vessels, cipithnes, and
adipose tissue  1WVhen the cyst s distended, the cells of the mnc‘ojw
resemble endothehal cells, when it 1s not chstended, they resemble
cubordl mesotheli] cells  As a rule, the cyst contuns 2 clear, spnz;f
water flud with a low spearfic gravts and traces of protemn, but, pecd

nally the contents are turbid and sangumeous
Slq{‘l‘]’c)pcar shaped cyst 15 attached to the paret1t pem‘ar(;:n:: ‘bim:
pedicle and bulges mto the thoracte cauty  Vanous Slf;s '16 ? e
described  The largest that his been reported was 2 ut

diumeter ot
g
*Alvo hnown as serosal eysts, simple micsotheln] cysts and medsastinal mes

eysts of the pencardium
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Unlike bronchiogenic and gastroenteric cysts which are located mn
the postenor medrastinum . perrcrdinl coelomie ¢ysts are found 1n the
antenior medrstinum  m contact with the chest wall In Lamberts
cases they were found m various locations viz lying on the thorierc
wall, on the diaphragm on the pencardivm (Fig 229) and i the
lingula of the left lung  In most mstances they were found close to the
diaphragm in the nght eardiophrente angle

Fi6 929~ FPericardrad coclomic cyst in a wonan operate ! on for a Pl zous mesothe
hom of the pletrn  Incd lental finding d inng suegical internventin

I’allwgcncslr—Acq.orqu to Lmbert the percwrditd cyst 1s 2 ml
development thit reverts to the curlier stiges of orginogenesis When
e so-called “penicardnt coclom 1s bang formed from 2 fusion of the
mesenchymal Ieunte  In Ins opimon the farlure of one of the primitue
hicunre to merge with others eventually results 1 the formation of an
dependent cmity fe, In the production of the postmbrionic penewr
Gl evst Other writers hve stated that the cvst may anse from the
Mencandum stsclf

3%e~Sex ~The pericardin] coclomic e st has been found m persons of
‘l“““"“ age groups (In one crse 1t was discovered m 1 woman 86 vears
©14) Bath seves are equally fcted
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scattered throughout the organ  Oswald and Parkinson (the first to
gre a comprehensive account of the condiion) found several of therr
eases m patents with xanthomatosts, tuberous sclerosis, hepatie diseases,
and pituitary abnormalities  Other observers have noticed haney comb
lung 1n Hand-Schuller-Christian disease, and 1n eosmophilic granuloma,
and the x-ray picture shown in Figure 230 demonstrates a case of honey

comb lung 1 a B-year-old white male cluld with Letterer Sive g:;e;‘e‘
The child was subjected to repeated attachs of bilateral pneunjhlh"e
and suffered from a progressive dyspnea  He died respx]r;ntor)h<mde
The dagnosis was made by mzans Uf;l bmpsylolf’nz::e:lr:;cntheyr::gm e
& minute granulomas 2 I
;I}'lhofivl:étalung ShO\“wd s?rnt:ie;e t 1 .g-'- preture of a honey comdb ]ucnsg.
It 15 almost umnversilly accepted that such cysts bme 1alcqmre P
partum, but the mechamsm of their production 1s del ?]m bl éhnstmn e
The ettology of Letterer-Sve disease, Hand Sch\l: er- S o
ease, and eosmophilic granuloma 1s unknown Tht; nh mn:;‘c.,l g'e v
case consists in the excessive proliferation of cells of the rel
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bl system (e hustiocytes macrophages) This prohferition s particu
Tuely promincnt i organs normally nch m these cells 11z Wmph nodes
spleen and bone marrow, and has also been observed n the shin and in
the lungs In Hand Schuller Chnistiin diseise these cells are loaded
with hpids (ie hpid histiocytosts) m Letterer Siwe disease they are
hpidfree {ee nonhpid listiocytosis) while in eostophilic granuloma
the picture 1s dommated by eosinophiles  One school of mvestigators
regards each disease as an mdependent entity another school considers
the three diseses (referred to as “histrocytosis \”) as different stages
of the sime disorder They stated for example that Letterer Sme
disease 1s but an acute form of cosmophihe granuloma  The two con
cepts cannot be adequatelv discussed here It 1s well to point out that
mn all of these condttrons the histological process consists of 2 granuloma
which 15 by no means specific It 1s usually dissemmated with about
equal density throughout one or both lungs  The granulomas eventually
become fibrosed It 15 beheved that the ensuing cvsts e related to
the Bbrosis It 15 saxd that they begn to form 1n weas where the granu
lom1s and the fibrosis are most conspicuous the fibrosis eventually leading
to obliteration of particulir seggments of the aiwty with the formation
of gysts
The problem requures further study

ADDENDUM
ECHINOCOCCUS CYST

The Farasite ~The pirstte (Tacnta eclinococcus) that causes this dis
15 15 a cestode tipeworm measunng 4 mm i length and consisting
of ahad {scohice) a nech and tho bodv segments  The termnal seg
ment 15 the site of ovulatton  The larvl cvst wmhabits sheep or swine
(rarely man) who arc the mtermedinte hosts while the mature st
thenes in dogs (or wolves) who are the defintte hosts  The dog becomes
miccted by feeding on the flesh of sheep who hurbor the prrasite while
man contracts the dise1se by contunimition from the doj

Propagation ~Once i the body the adult worm attaches ttself to the
gastric or the upper intestinal mucosa by means of four suckers that are
provded with s hoollets It pene the portal 1
and the Iner (the most common site of the discase) or the lungs (the
St next mn frequency ) Other orgns such as the brain the bones the
Pencarduim and the pleura are rrehy mvohed

Tie st =The hvatd eyst or developmg embno consists of three

hors

! The endocyst or innermost Tver is the germinal focus The mnner
siface of ths focus generates the brood cipsules with thewr scolices it

2
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also secretes the clear watery flud of the cyst The flud which s
alkaline or neutral and has a specific grivity of <bout 1015 contams
the brood capsules and the scohces It 15 antigenic

2 The ectocyst swhich 1s formed by the secretions of the germiml
layer 1s a lhmmnated membrane that envelops the endocyst

3 The penicyst which 1s made up of colligenic fibers and has a
tendency to grow m thickness with age 1s formed by the host and 1s not
orgamenlly related to the hydand cyst

Fie 931 —Echinocaccus cyst of the lung posteroanterior and Lateral views

Intrapulmonary Cyst ~As « rule the lungs harbor 1 single cyst (Fig
231)  When several cysts are preseat m all hikebhood they hive rlf
sulted from a “massie” infe or from the di 1on of a comp!
cated hepatic cyst )

e c}lljst 15 l{suallv losed within the pul Y I d] It
occurs more often m the nght than 1n the left lung, but has no predi e;‘
tion for lobe It fits snugly into the surrounding tissue and mnl
enucleated n toto with relatively httle difficulty It grows at a ; ow
pace In fact m localities where the diseise 1s prevalent it h"l;“;;:
found that even though contammations hne occurred during ! dhoot,
mamifestations do not ppear until puberty or Ister  The re\clmr:“-m)mus
around the cyst 1s slight or else it consists of a mod;m(e pr;eon ot
and 1 perieystic atelectasis of the pulmoniry tissue  Pressur
or blood vessels mvy produf‘e em:w:: of rthc(s:‘ :\;;::)m:f:n s asympto-

Tinical Manifestations —An ntact cys!
m(:‘c ICOnI‘y wlfnen 1t 18 of considerable size (some Cy.md.lﬁf?:‘;z
large as to contan a quart or more of flnd) 15 1t apt to disp
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Nemenov sign)  Large cysts may displace the mediastinal contents
and produce bulging of the ipsilatera] hemithorax 1 younger patents

When the cyst becomes enlarged, a communication ‘with the bronchi
may be established Upon hing ar will | between the
pericyst (adventitia) and the ectocyst, producing & semifunar image,
or ' awr cap (calotte acrienne) Ths 1s usually 2 sign of disintegration,
te, rupture and evacuation of the fluid and the membrane via the
bronchus  As a rule this 1s accompanted by an ifection of the cyst
causing a pyopneumocyst At this stage, the disease resembles a putnd
Iung abscess

The shadow cast by a simple cyst may be confused with erther a
bemgn tumor, a terato dermord 0 aneurysm of the aort, or even a
bronelnogente cincer

Laboratory Tests ~The biologicnl tests currently used are

1 The intradermn] Casson test, which 15 equivalent to the Mantoux
tuberculin test The steady leakage of flurd from the cyst creates 2
state of hyperergy, which can be detected by the intraderml injectton
of mnute quntities of hydatid flud This can be obtamed from an
uncomplictted cyst of a sheep In order to avoid a severe allergc
reaction the mtil dose of the injected antigen should be smail

2 The complement fixation test of Wemberg which 1s equivalent
to the complement fixatton test i syphils  Human serum supposedly
contammg hyditid antibodies 15 put n contact wath the antigen
present m the flurd obtuned from a cyst of a sheep The Cassom test
yields a higher percentage of positive results than the Wemberg test
Only positve results should be taken mto consideration

When the cyst 1s a complicated one, examaation of the sputum for
hooklets and scolices mv lead to a correct dragnosis  1n instances of
rupture of the cyst mto the plearal cavity, the pleural evudate should
be studied dihgently Needless to say, puncturing of the cyst for
dagnostic purposes 1s prohibited  As 1n other parastic diseases the
blood often shows eosinophilta

In cse of failure to arnve at a diagnosis by laboratory tests, an
exploratory thoracotomy should be resorted to

Treatment —Therapy consists 1 surgical extirpation of the cyst

References
"
Apasts W E
tiops of :
Apavis W I
Thaoracie Surg, 12 S04 194~ Tueatment of giant cysts of the hogs

Awwsrrrren FFoand Teseeeszoy J Y

Thoracie § 20 749 1930
ALng()'\I I? R E.“.:%m bullous cysts of the lung Thorax 2 169 1947



References 155

Banser, H, and Lasseata F  Treatment of symptomatic gaant air ¢ysts of the
ings JANIA 156 307 195¢
Bates } € and Leavem, ¥ X Pencardial coelomie cysts Radwology 37 330
193/
Becxrono B | Medustinal eyst of gastne ongin Bt | Surg 36 410 1949
Brioten § R, and Swoons H M Afr-containing cysts of the g Thorax 9
1

Brupronp M L, Mavov H V& and Grow ] B Medsastial eysts and tumors
Surg Gynec & Obst 65 467 1047
Bravitcan, O € Cystic disease of the lung Dis Chest 15 192 1949
Brows Rk and Rosivs L L The dignonis and treatment of bronchiogenic
e R ~oracic Surg, 13 81 1944
Brnc P € Intrathoracic menmngocele ]

(:m; N KA Gongemta eysts ot the medustinmm | Thorack Sorg 12 376

943

Cinectit E D Sunple cyst of the medustinum New England | Mel 219
938 1837

Connay D J Ongin of lung ysts in childhiond Arch Drs Chid 6 503 1951

Courer G Jx Ancurw, ¥, and Marr J R Mesothehal meduistinal cvst (pen
cardual cyst) differential dragnosis of shadows continuous with the anterior
inferior medustinum South Med ] 47 253 1948

Davs € Ja Hass G M and hesuer R L Large anfected bronchs sgenic
<yst in an elderly pitient, Ann Surg 138 132 1933

Dass E W and Saexiy D Intrathoracic grstnc cysts JAMA 135 218 1947

Daan E € and Haew H | Jtal mediastingl ey sts~pericardial coclomee
cysts of Lambert | Thonacie Surg 19 755 1950

Dk A A and ATwetr S Gastric yst of mehistioum | Thoracic Sueg §°

9 191,

3
Fawov \! Gonoon A B G and Lesoatst A € Medinstinn! vsts of fore gut
orign assoctated with vertebral abnormitees Rnt [ Surg 41 520 1934
Fomet | H and Brack I A Pencardnd cochmic cyst Suriery 31 753 1952
Fiver B and Weseer D S reoperatne diagnosis «f poncardiad cocdmic
Xt An T Tapare + ) %2 =24 1087

Cen pericardial i 15in Apn

Crr Pulmonaty ¢yst J ANEA

151 1075 1953

Gurervie § R and Martrsson L F o Pericardial cocdomic eyt Northwest Med
0107 1950

Cowp F Uber Bronchuscysten und deren Entstelung Beiter 2 allg Tath un)
path Anit 6% 278 1931

Carsnrimen | Stersmenc ! and Tovmorr A 8 W Spring water eyt of the
mediasunum ] Tharacic Surg 12 495 1942

sy L Diserticulam pericande Acta radisl 20 229 1939

Meer W RS and Drew € W Cysti hygroma of mediastinum Thoray §
103 1950

Hean, J B Cystic diserse of the Jeng with emphasis on emphyse matous Hehs
and bullee Am § Surg §% 2009 1953

Hensw, E Lo flovsknororn | H omd Brssmose A AL Bronchogenic cvsts
manifestition of congenital palyeystic disease of the timgs Am ] Cha tath
23 32} 1933

Jacomson F Two cases of eystic hmphangtoma « f e neck with ioedisstinal ime oo
ment Acta radwl 28 705 194

Aisnen W OH and Agcasas | € Fencandial cocdomic dst with ssmptme |
Theraci, Surg 19 779 1950

Kuirrns Foand Wirpeapivk, | An intrathaeiac ont of enterogenons oriqin in a
young fnfant | Peduat 42 603 1953



456 Cysts

KoroL E  Obsennations on cystic and bullous emphys, k
T By Shae 33 emphysema of the lungs Dis Chest
LA\x;x;:; AV S Etology of thin walled thoracic cysts ] ‘Thoracie Surg 10 1

LAPP‘I;.): T C  Cysts and cystic tumors of the mediastnum Arch Path 39 133
5

Lmvg[;;surl 9N8 and Worr H B Mlediastnal entesocytom | Thoracie Surg 16

4

Lepznr K M Potozxy H and Femstany I K Charcl sigmificance of pleuro
pericwrdinl eysts Arch Int Med 88 378 1951

Lverttratn - Zur Frage der Cystenbildungen in der Lunge Frankfurt Ztschr
f Path 62 136 1951

Mazen I € Bronchiogemic cysts of the mediastnum Ann Surg 127 474 1948

Lymphatc cyst of meditstinum Am ] Roentgenol 73 15 1953

\azer M L True pencardtal duerticul im Am { Roentgenol 55 27 1946

Meape R H and RasywsseY R A Chincal problem of intected cystie disease of
the fung Dis Chest 24 20> 19>3

Meapor R'S and Smerps D O Pulmonary cysts Am Rev Tubere 75 53
9a7

1

Mpeer R F Grave M and Paspvex E T Bronchogenic cysts anomalies re-
selng from maldes elopment of prumite fore gut and mitd gut Am ] Roent
genol "0 771 1953

MoErsc H ] and Ceacert O T Pulmonary cysts ] Thoraae Surg 16 179
1947

Naceewo E and Lancer L Pulmonary cysts Surgery 22 516 1954
Ports W | and Ricker W L Differentivtion of congemtal cysts of the lung
L~ oAy R34 1950

of the medits

" s Lystiques du

Scuen C ] v e Tt e N oan
Tourorr A § h hygromt
of mednistt mDs

Venektass G
Cluld 83 500 1952 .
NaLken | M Taccear W B and Statov H J  Tension type of congenits

s vy cyst | Pediat 33 601 1918
W ILS:\’\]]I‘:’"\JI H) an{! ounson ] F Medistmal gastric cyst successful excision
0 an eight week old mfant Arch Surg &4 138 19352
1aTER W Al Cysts of pericardum Am Hewr ] 6 710 1931

C ssts of Crantlomatous Ongin

Cusnihaiam G and lamansow T Dffuse cystie fungs of granulomatous

43 195
Cunn‘::rr.\gsm] ’f;m;:x‘d‘;on W C  Xunthomatous Hind Schuller Chrishan type Am

e S 8 s e iy
Lacxer R Leaven F Y and Famacer G ] Eostopl ke granuloma of the
thﬁmn ﬂ?\m]f\cy fr?d Sg:nxm?; W Leterer Siwe duese Arch Dis ChM

53 S Fos nophilic granuloma of Yueg

Max 1 4 Ganevoais ] M und Dicav D J
Ann Int Med 40 519
Osmn N e A T Honeycomb Iong Quart ] Med 18 1 1949



References 457

\inoiror, M and Goroviav A Eosmoplulic granuloma of the lmng ] Thoraaic
Surg 31 228 1936

Echunocaccus Cyste

Arct ] Echimncoceus cyst of the lung Surg Gymec & Olst 75 67 1942

Buwnerr, N R and Trostas D I’ulmmmry hydatid dseisc Brt ] Surg 40
293" 1952

Braee M A Un cas de Lyste hydtique du pouten gauche avec presenta
tion de stereo-radiogrames Bull et mem Soc med hop de Pans 20 763 1903

Brisarot £ pr Pulmonary hydatd discase 1n man Acta Radiol 36 23t 1951

Deimor L R Hydatd eysts of the hing J Thoraac Surg 13 171 1944

Dni F Le sccondare bronchogene du penimon Ann d Anat
lath 8 77 1931

Evany W A Echinococens cyst of the lung Ralology 40 362 1943

Lecos B Trc:tn\cnl of pulmoniry hydibid cyst Qum Bull Sea View Hosp

Pucies L W Hydatud cysts of the lung Arch Surg 21 1324 1930

cutarczr P M and Sowancrn H o Hydin | disewse and its roentgen pieture
Am ] Roentgenol €0 331 1948

Stwatan M P Hydatd diserse a5 ot affects e thoracic surgeon ) Thoradc
Swrg 26 111 1953



Chapter 21

Radiographic Diagnosis
AwvoLn L Bacinvan, M D

Tae great vanety of lesions encountered m the mediastnal spice (te,
primary and secondary, bemgn and malignant, granulomatous and
¢ystic) require the acumen of the observer i addition to the use of
technical dragnostic procedures

Generally 1t 15 well to be gurded by the ohsenation that benign
lesions occur mostly in younger persons and are frequently discovered
on a routine roentgenological examnation In order to arnve at an
x ray diagnosis of a mediastinal lesion, 1t 1s of mmportance to ascertan

1 The exact site of the lesion

2 The gross appearance of the leston, te, its shape, size, margmns,
denstty, and the presence or absence of calafication

3 The myolvement of the medmstinal structurcs by the Jesion, and
whether these structures are mobile or fixed

4 The mvolvement of the adjacent bones of the thoracic cage

5 Whether the lesion 1s pnmary or metastatic

Sue of Leston-The exact location of an abnormal tumefaction
withn the mediastinum 1s often of constderable assistance i the
differenttal duagnosis  Many lesions show a predilection for certamn
locations  In order to determme location, fluoroscopy and films m
frontal, lateral, and oblique views are necessary, occasionally tomog-
raphy may be required  The site ss particularly helpful m the diagno-
sis of a pencardial coelomic cyst, a diiphragmitic herma (through the
foramen of Morgagni}, a thymoma, an mtrathoracic goiter, and tumors
of neurogemc ongm  Bemgn tumors and cysts are asaally obsened
projecting from only one side of the medmastmum, while malignant
tumors and lymph-node enlargements may widen one or both sides
of the mediastinum

Two conditions, not truly medwstial mn location, and which my
be confused with substernal goiter, are occasionally found 1 the regon
of the thoracic mlet (1) a large encophuyngeous dnemculun;
(Zenker}, which may project mto the thoracic mlet from ltl‘e Pﬂse o
the neck  Barmm opacifi of the esopt readily the
diagnosts, (2) a tortuosity or aneurysmal dilatation of the mnommate

(458)






160 Radiographic Diagnosis

patient 1n the nght and left lateral recumbent positions  \When mobile,
the mediastinum will move toward the dependent side At times, the
mediastinal mobility may be better appreciated by mcluding Interit
recumbent films made 1 deep wspication and cexpiration

Invasion —-Lvidence of masion of medastinal structures 1s of great
value m determining the nature and extent of mediastinal involvement
This has been described i the section on pulmonary neoplasms

Bony Cage ~Investigation of the medmstinum must alse nclude a
study of the adjacent thoracic bony cage  Most important are the heads
and the medul posterior portions of the ribs, as well as the vertebril
bodies and the transverse processes  Studies of the sternum are of im
portance m anterior medastinil lestons  Specral “spot” Bucky films and
tomagraphy may be required to demonstrate iy olyement of these aress,
and should be obtamed where mndicated  In cases of bemgn tumors
of neurogenic origin which he 1n the postenor medrastinum, there 1s the
possibility of pressure erosion upon the mbs or the vertebral bodies
Pathognomeme of the haurglass nenrogenic tumor 1s a combmation of
enlarged unilateral intervertebral foramen and widenng of the spree
between the heads of the adjacent nibs 1 the mvolved arca  Frequently
there are pressure erostons upon these ribs locally  Certnn medhstmnd
malignancies, on the other hand, mmyade the bodres of the adyicent thor-
acic vertebrae by contigmty and cruse jrregulir bony destruction  In
Hodghn s disease involvng the antertor mediishnum it )5 not yncommon
to find evidence of mvaston of the sternum  Similxly, sternal mvasion
1s nat rare m cases of carcinoma of the breast either prior to mastectony
or postoperatively

Primary Source —Of great importance m the study of mednstnil
masses 1s the search far a possible pnmary malignnt neoplasm elsewhere,
since metastatic lymph-node miolvement is one of the most common
causes of mediastinal enlargement  The common primary sites, 1€, the
breast the esophagus, the lungs and the stomach, should be carctully

explored
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