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PREFACE TO THE SECOND EDITION

No fundamental change has been made i the second edition of
this book It 1s practically the same as the previous edition, but a
few additions and changes have been made Several cuts have been
replaced by better ones Additional illustrations will be found i
chapters IV, VI, and IX Professor Larsell has restudied the nerves
m the visceral pleura, and the results of his study have been incor-
porated 1n Chapter IX

The reception accorded the first edition, and the generous ap
proval by the reviewers have been very gratifying to the author
In general the reviewers have recogmzed that the author’s dere,
1 publishing these contributions to the structure of the lung, 1s
to have them serve 18 a stepping stone to help other workers to
earry the work still further

The author does not clmim to have said the final word on the
structure of the lung Far from 1t There remans much to be done,
no one realizes 1t more than he

Dunng the nterval between the two editions much time hs
been <pent 1n further study of the epithelum limng the pulmonary
alveoli No reason has been found to change the opinion expressed
in the first edition that there 15 an epithelum Iming the alseoll
and thet at 1s continuous Somt workers think differently In time
the solution of the problem will be worked out

Madison, Wisconsin
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xu PREFACE

I hesitated before dectding to use the BNA nomenclature Even-
tually I adopted 1t, because, as explained n the text, 1t 1s univer-
sally understood, English equivalents of the terms are also given

Since 1919, 1 public addresses and published papers I have
advocated the use of the term hzlum 1n place of lnlus T did this be-
cause the word hilus 1s not found 1 Latin lexicons, also because
Hjrtl in his Onomatlologia Anatomica had shown that hilus was
;anorrcct Today the term hilus i1s gradually bemng replaced by

Hlum

It 15 my plersant duty to achnowledge the Lindness of the
Director of Wistar Institute m permitting me to reproduce text or
lustrations from the varous pubheations of the Institute The
Journal of Morphology, The Anatomical Record, The American
Journal of Anatomy, and The Journal of Comparaiue Neurology
The editors of the following journals have also granted permusston
to use matenal published The American Reven of Tuberculosts,
Journal of Experymental Medicine, Radiwlogy, Coniribulions to
Lmbryology and the pubhishers of the Reference Handbook of Med:-
cal Sciences Finally I must achnowledge with gratitude my mdebt-
edness to the group of unknown friends who, under the leadership
of Dr Lawrason Brown, of Saranac Lake, have made this publica-
tion possible

Madison, Wisconsin
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CHaPTER 1
THE LUNGS

The lungs are two rrregular comeal shaped organs which oceupy,
onc on either side the thoracic cavity They are separated from
cach other by 4 medan partition the mediastinum, 1n which are
situated the heart enclosed within the pericardium, the thoracic
qorta and the arteries ansing from its arch the thoracie duct, and
the great veins entering the heart They are mdirectly connected
with each other by the trachea and the two mun bronchi into
whichit divides Below the hulum the two folds of the pleura, which
enclose the lung leave 1t and form by their umon the higamentum
pulmonale by which the lung 1s attached to the pericardum and
csophagus

Color At urth and for the first three weehs of hfe the lungs are

‘The adult lungs vary in color depending on the amount of blood
which they contan and the amount of pigmentation present If
there be but ittle blood present they have a yellowish gray color
but when they contain « considertble quantity of blood they are

phere When extreme pigmentation 1s present (be 1t from particles
of earbon or dust) 1t may give alight bhwsh blnek eolor to the sur-
faces of the lungs on which appear hines or patches of more intense
mementation 1he external surfaces of the lungs, as a rule, show 2
grenter amount of pigmentation than erther the mediastinal sur-
faces or the bases of the lungs the surfaces within the fissures
show the lenst mgmentation

Weight It 15 dafficnlt to determune the »eight of the Jungs onmng
to the vanable quantity of flmd present hrause gives 1,300 grams
as the weight 1n the male and 1023 grams n the female, with a
moderate amount of bloed present Under the same conditions I
hase found the average weight somewhat Jess 1038 grams in the
male and 924 grams m the female The average weight of the nght
lung w the mile was found to be 508 75 grams 1n the female, 500
grams The average weight of the left lung 1 the male was 456 S8

3



4 THE LUNG

grams, in the female, 424 grams Trom
the nght lung matenally cff:ceds the let‘tt }x]nes\?ggzes 1615 seen that

Spitzha found the weight of the lungs still lower 1n the case of
six enimmils executed by cleetniaty In age, they varted from
twenty-three to forty-one years The night lung.a\ eraged 281
grams, the left lung, 253 grams, guving  total weight of 534 grams
far both lungs This 18 practically half the average weight which 1
found Spitzha attributes the lon weiohfc m hie ancac in i~ 1
of death which, by
and other phenom:
lungs, so that we are enabled to ascertan the actual v erght of lung
tissue only, not, as in ordmary death of a v arable amount of blood
and serum as well ?

Specific Gravity Before respration has taken place, the specific
gravity of the lungs 1s greater than that of water, they smh, therc-
fore, when placed m 1t The same 1s true when only a few inspira-
tions have taken place and the lungs have collapsed with the denth
of the individual Waters grves 1,062 and Wilmart 1,068 as the
<pecific gravity before the establishment of respiration After the
establishment of respiration the lungs become filled with air and
therr speaific gravity may be as low as 0 342 (Dwaght)

Dimensions Owing to varations m size and form of the thorax
and to varmations 1n distention, any measurements of the lungs are
of littlevalue Krause grves 271 mullimeters a9 the length of the nght
lung n males and 216 millimeters in females, of the left lung,
298 mlhimeters 1 males and 230 mllimeters 1n females Measured
transversely at the base, the right lung 1s 135 milbmeters, theleft
lung 129 millimeters i drameter 1n males, i females the night lung
measures 122 milhimeters, the left lung 108 millimeters

The right lung 1s shorter and broader than the left lung Thisis
due to the Itver’s causing the arch of the diaphragm to nse to 2
higher level on the night side than on the left, and to the mehination
of the heart to the left side

Capacity. In 2 well deseloped male of from thirty to thirty-five
years of age, at the end of a full insprration the lungs contan about
5,000 cc of ar, 1 a female, somenhat less After death and
collapse of the lungs have aken place, the lungs contain about
1,500 cc of ar According to Hufchmson, the vtal capacity,
which 1s the greatest amount of air that can be expelled after a full
\nspiration, 1s 3,700 cc Rosenthal gives 3,200 ce for males and

e e ts, found that with

fer, as the result of a series of experimen
o & the amount of arr exchanged

a respuration of thirteen per minute
per minute was 5,850 ¢ ¢, grving 450 ¢ ¢ as the amount of tidal air
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Form When the lungs are hardened 1 sifu they are, s stated
above irregularly comeat m <hspe and there can be distinguished
on each an apex, a base three <urfaces, snd two margins

J1c 1-~Tight Lung from tie Medial Side 1 Apex
pulmoms 2 facies me bistinalie 3 groave of the veoa
cava superior 4 lobus supenor 5 uapre <o eardire,

6 lobus medws T margo antenor 8 wargo nferior

Apex lhe apex pul g s ded and pes the
cuputs pleurae 1613 not «ituated over the center of the baus pul
mons but mewal and somenhat postenior to 1t Below the apex
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pulmonis runs a groove the sulous subeclasius

artena subeliii (Ng 2) cccupted by the
Base The basts pulmonts 1s broad and conetve the concavity

corresponding to the curve of the lner from which 1t 1s separved

I 2—Left Lung from the Medial Stle 1 Apex
pulmonts 2 facies costals 3 ncmsurs interlobans
4 ram s stuster of the artena pulmonalts 5 bronchus

19 1ilum pubmonts with cut edge of the pleurs 20 sul
cus subeliii1s (After Spaltel ol7 )

by the diaphragma The arch of the lobus hepalis dexler extends to
2 hagher level than that of the lobus hepatis sinister, consequently
the eoneavity of the basis pulmonis of the right Iung 18 deeper than

that of the left lung (Tigs 1 2)
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Surfaces The facies costalis (Figs 3 4) 1s the most extensise of
the three surfaces and 1s deeper posteriorly than anterorly Itas
IR PRI W

aw ol oA

which shightly rounded ndges appear that correspond to the inter
costal spaces These intercostal ndges often show, espeeially in
enrly life a greater amount of pigmentation than the costal groates
The facies medrastinahs (Figs 1 2) 15 1n contact with the pleura
mediastinalis and the pericardium It 15 nearly sertical i direction
and presents a deep concavity the tmpressto cardiaca which 15
larger and deeper on the left Jung than on the nght because of the
obhique position which the heart occupies and s projecting further
beyond the mudhine on the left side than on the night side Thas
surface possesses near its postertor border above and behind the
mnpressio cardinca 2 triangular depression the hilum pulmoms
which the bronchi the blood vessels and nerves are «itunted as
they enter and leave the lung and i which Iy mph nodes (Iympho
glandulae pulmonales) are not infrequently found (Tigs 1 2) Col
fectively these structures are eailed the root of the lung (radiz
e F I PR

POIDAY PN

the hilum pulmonis to the pleurn medinctinabis and forms the
Lgamentum pulmonale (Figs 1, 2) Situated behind the hilum
pulmonis of the night lung and arching, shghtly abote 1t 1s 4 groove
for the tena azygos (Fig 1) Insome mstances 2 vertieal groovecan
be recogmzed helow that for the vena azygos and betund the
Iigamentum pulmonale for the esophagus In front of the hilum
18 2 wide shallow grooie which runs upward with a lateral curve
for the tene caa supertor and the tena anonyma dexfra (Mg 1) On
the left lung above and behind the nlum pulmoms and the hga
mentum pulmonale 18 4 broad deep groove produced by the arcus
aortae and the aorta thorecalis (Fig 2) Runmng upward from the
T ora for . PO T

pulmonis and has been described under that heading The en
crarchment of the heart gives the facies diaphragmaticn of each
lung 4 erescentic onthne that of the left lang bewng the more 3t
eal on account of the oblique position of the hieart

Radix Pulmonus The ra fix pulmonis 1s situnted <hghtly above
the center of the facies medinstinalis and nearer its postencr than
its anterior border The arrangement of the bronetn and vessels
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entering and leaving the lung differs on the two sides On the nghi
t

lung (I'g 1) the mam bronehus enters near the muddle of %1\(:

hntum, and 1ts first branch near the upper border of the hilum As

T1c 3 —DNught Lung Anterolateral Aspect
1 Apex pulmonss, 2 factes costahs 3, lobus
superior 4 meisurae interlobares, 5 lobus
medius, 6 lobus inferior 7, margo mfertor,
8 facies draphragmatica (After Spalteholz )

a rule, however, n dis-
secting the lung the bron-
chus 18 divided obhquely
before 1t branches and
then 1t appears as an ir
regular oval stuated m
the upper and posterior
quadrant of the lum In
front and somewhat be
low the bronchus s the
ramus dexter arteria pul-
monalis, while below the
bronchus and artery are
the tenae pulmonales dex-
trae On the left lung (Fig
2) the bronchus enters the
hitum behind and shghtly
over Its center, the ramus
stnster arleria pulmonahs
1ssitunted above the bron-
chus, while the tenae pul-
monales are siusted
front of and below the
bronchus This vanation
1n the arrangement of the
structures formng the ra
diz pulmoms causes the
hilum of the night lung to
have an ovord outhne
while that of the left lung
15 trangular in outhne

Margins The margo anierior 1s thin, sharp and somew hat irregu-
lar Above, the margo antertor of each lung projects into the snus
costomediastinalis, below, that of the Jeft lung presents & decp
concavity, the wncisura cardiaca where it curves around the heart
(Fig 4) Tius prolongation of the lung below the heart tow ard the

mudhne 1s called the Lingula pulmonts

The margo wnferior (F1gs 1, 2) long the junction of the factes
PRl aT Ed T 1 2 e T L e A an
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matica 1t 1s thicker and more rounded The thick rounded dorsal
portion of the lung at the junction of the facies costalis and the
facies mediastinalis 1s sometimes deseribed s A margo postertor

Fissures The lungs are
divided mnto lobes by deep
fissures {(incrsurae wnferlo-
bares) On the left lung the
mewsura nterlobans passes
oblhquely from behind and
above forward and down
ward to the baas pulmonis
(Figs 3 4) \ simlar n
cisura mterlobarns 15 pres
ent on the nght lung from
which a second incisura
more horizontal ani shal
loner passes across the an
terior surfice so that there
can be rccogmzed on the
nght lung two 1inesurae
wterlobares By means of
these incwsure three lobes
arc marked off on the night
lung o lobus superior a
lobus medius and a lobus
wfertor on the left lung
only two lobes are pre ent
a lobus superior and a lobus
wnferior

Lobes The left lung 12
divaded by the meisurn i F16 4 —Left Lung Anterofateral ispect
terlobans 1to a  lobus } Apexpulmonts 2 margoantenor 3 mesuta
supertor and o lobus tn ewrd aca 4 Inguls pilmoms 5 wmargo infe-
Jervor "1he lobus supenor " 6 basss pulmonss 7 ol usinferior 8 1n

as iraiaterlobans 9 lobus superior 10 facies

15 situated -llblcne the 1 costalis (After Spaltel 1z)
cisury mterlobans It 1s

contenl mn form with an oblique base which eorresponds to the
£a n '

eardinea it is prolonged towand the midline formung the lingula pul
moms The lobus inferior comprn es the remander of the lung
Nearly the whole of the facies dinphragmaties (basis pulmonis) and
alarge part of the facies co tahs belong to this lobe (11 4)
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The right lung s drvided by two neisurae nterlobares into three
lobes One of the wncisurae occupies practically the same position
as that of the left lung except that 1t 1s more vertical n direction
and does not terminate as near the midhine 1t separates the lobus
nferior from the lobus medus and the lobus superior The secon |
messura <eparates the lobus supenor from the lobus meds It
leaves the man neisura near the dorsal part of the Jung passes
hornzontally forward to the level of the fourth costal cartilnge
where 1t cuts the margo anterior and then pasees across the facies
medinstinahs to terminate at the hlum pulmomnis

The lobus medius 1s wedge shaped and 1s the smallest of the
three lobes Interposed as 1t 1s between the lobus superior and the
lobus nferior 1t g1y es to the lobus superior the form of + truneated
cone the apex of which 1s formed by the apex pulmonts In hhe
manner the lobus inferior has the form of 2 truneated cone when
viewed from in front and laternlly the base being formed by the
facies disphragmatiea (Fig 3)

Blood Vessels The blood vessels of the lung consist of two sets
which originate from different sources and perform functions of a
different character One set dernved from the arteria pulmonals
gives origin to the resprratory or functional circulation the other
set derived from the artena bronchiahs furmshes the nutntive
vessels of the Jung

The arteria pulmonalis arises from the ventriculus dexter of the
heart passes obliquely along the left side of the aorts ascendens
and div 1des under the arcus aortae tnto 2 ramus dexter and 4 ramus
stmster The ramus dexter passes behind the aorta aseendens and
the vena cava superior and beneath the aicus aortae to grun 4 pot
tion 1n front of the bronchus dexter at the hilum pulmoms Ihe
ramus simuster runs wn front of the bronchus simster and the
aorta thoracahs and enters the lulum pulmonis abos ¢ the bronchus
sintster Within the lung the artena pulmonalis follows the broneht
m all of their subdivisions and 1s situtted behind nd shghtiy
lateral to the bronchi The branches of the artera pul:non'llh‘x

e

are usually four in number two for each lung 1n some mstances
the vein commg from the lobus medius of the right lung cmpties
nte the atnum sisstrum independently 1n other instances the
two vems amsing from the left Tung umite and form 1 common
trunk before entering 1t The finer arrangement of the pulmonary
blood vessels will be consudered i Chapter ¥ ,

The artersae bronchiales \ ary 1n number and origin the ng ht ar
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Crarrer 1L
THE TRACHEA AND BRONCHI

T'ic 5 —Outhne of a reconstruction of
tl e lower portion of the trachea of 4 week
old ctild Only a part of the ugpermo t
cartilage enters mto the reconstruction
Tle line drawn across the reconstruction
mdicates the plane of section Notetheangle
at the bifurcation the greater drumeter of
the right bronchus and tlat tle carint
18 at the left of the midline X6

The trachea conssts of o
framework of cartlagmous
Crescents sixteen to iwenty
n number, whieh are con
nected with each other by 2
dense layer of connectise
tissue, the ligamentum an-
nularia, and hined on the in
terior with « tunica mucosa
Posteriorly, where the eartt
Inges are wanting the
traches 1s flattened  end,
situated between the ex
ternal fibrous tume and the
mucosa bundles of smooth
muscle conncct the cart
Inges with each other

Cartilages The eartilages
pre ent marked 1rregulan
tres They mny spht and
fustons with adjoining carti
lages are not unusuat In the
reconstructron  ltustrated
{T1g 5) the first of the earta
Iages s incomplete and
must therefore, be left out
of the account, the two fol
lowing earfilages are regular
m their formtion the next
five are exther fused or bifur
cated and have one or more
rregular openngs extdently
due to ncomplete deselop
ment for they give pissage

to neither blood ves<els neries nor gland ducts The eannal earts
Iage 1s nteresting bemng formed by the fusion of tracheal and Jeft
bronchial cartilages (g 6) both elements present bifureations

and wrregularnties of outhne

12



THE TRACHEA AND BRONCHI 13

The cartna frackeae 18 1 promment ridge running anteroposte
rorly across the bottom of the trachea between the ongin of the
two broncht Heller and 1+ Schrotter studied the relation of the
eartiages to the carma 1n 125 tracheae As the result of therr
investigations i}

membranous
In cace cartilrge
mto tracheal or bronchual "according vs the eartilage belonged

—

11a b ~Recon truetion of t} ¢ earinal cartriage st 0y nan outl ne m fgure 5
A antersor viev B poster or vien Note td e exten ne fic or of tractes and
brenebial ele ents 11 s Lelongs to what 1s hnov nastle  tracheo-bronel il
lft typeafc rrn Leartil g0 X6

to a trichesl or o bronehusl ercscent When the eartilage was
dered from 2 bronchial ereseent 1t mught be esther  bronchial
nght or bronehtilleft orwhen asin<ome ences hoth bronehial
eirtihigesenteredintothe earma  double bronehint  Oceasionally
3 fused trachieal and bronchial erescent entered the eanna 1 sucl
¢ tees the canna was desenibed 15 tracheo bronchial and lihe the
sunple !ronchinl 1t could be esther nght or left (Tig 7

A the result of therr study of the 125 trachese they found the
canny eartilymnons 1 56, membranous 1 337, parth mem
Dravous m 110 Tn 277 where eartilage was pre ent 1t was
trichent 1o, bronehsal nght 3% bronchinl left 3 57, double
bronetual

“The first t ronchaal eartilage on the right side of the reconstrue
tm (L 5} een i s of two clements which fuse as they areh
wound the me 1l side of the bronchus The nest eartitage 13 1
typiesl ere cont Imme hately below this eartilage the epartena)
branchus i~ grven off and the cartilage placed gt this porat has 2
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complicated structure purt of 1t belonging to the epartertal bron
chus and part to the maun stem bronchus The portion belonging
to the epauteninl bronchus has prolongation which 15 associated
with 2 small bronchus arising from the epartertal bronchus which
15 not shown m the outhine

On the left side the bronetnal eartilages fuse with the tracheal
cartilages to form a1 tracheo bronchal left eannal earbilage

v 9
v 7

't e cartdages are
T16 7—Types of the cart atracheae Viev from belmd T g
rejre entel l;)ypsol d black bands \ tracleal B brone! alrght C bronel el
left D membraneous (After Heller and yon Sel rotter )

(Fig 5) which consists of two trregularly fuse(% tnche'lllelemcxlutg
and three bronchial el ts The two cartilages als

fuse to form a single element but are not indicated in the drawing

nstruction

Oflt’}]lfs:fgocs:wcr apparently was the first to note chat}:n so;nﬁ
animals the bundles of smooth muscle were mserted on the ouc ed
surface of the cartilages while 1n other amumals they were mtser '(:]

on the mner surface In the carmiyora the attachment 1stc¥ eqx;n]n
v hile 1n monotremes and insect1y ora the attachment 1s i ernm")

anmals that live on a vegetable dict the attachment 1s us)
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internal, but in the rabbit it 1s external, In man, who hives on a
mixed diet, the attachment 1s internal. Thave failed to find any as-
signable cause for this variation. Guicysse, who pud special atten-
tion to thisvaried attachment, also farled to find any explanation.

If = fre<hly removed trachea, with the bronchi attached, be so
divided that the earina 1s cut as near its center as possible and the

11e 8 —The arrangement of the tracheahs muscle at the
carina of a new Lorn chuld Internal attachment of the muscle
B first bronehuat cartilge The postemor spur triangle 13
crossed by two bands of muscle X6

posterior half placed 1n Ranvier's aleohol for thirty-six to forty-

cight hours, at the cnd of that time the mucosa can be removed
from its antertor  * e .

and glands from
placed n fifty per
hasbeen added to

1t <hould be removed to pure glycenn and spread out flat, using a
compressonum if necessary.
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In a trachea thus prepared 1t will be found that the muscle
1s made up of branching and anastomosing bands which extend
betueen the eartilages (Mg 8) Whatever the position of the
muscle be 1t external or internal 1t 1s not mserted nto the extreme
tip of the cartilage but 1nto the perichondrium some distance from
the extrermty of the cartilage

Both  erson and Frankenhauser hase described seattered bands
of smooth musele ending 1n the connective tissue between the car
tilages I have faled to find this ty pe of ending The musculature
of the adult human trachea differs from that of the new born
chuld 1n that the bands of muscle connected with a given cartilage
mantam fo a greater extent their independence than m the new
born child where they form a more complex netw ork

Longitudinal binds of smooth muscle have been described by
Rets esen Pietsol v Ebner and others, 1t seems to me that the
statement by Cramer and by Luschha that they are exceptional
covers the ease Possibly some of those who hat ¢ descrtbed a longt
tudmal layer of muscle have mistaken 4s did Thomas Wallis the
longitudinal lnyer of elastic fibers for smooth muscle though v
Lbner places them outside of the crrcular layer of muscle and con
sequently they could not have been mistahen for the elastic layer
which 15 situated mternal to the muscular layer

Arrangement of the Muscle at the Carma If a trachea be drvided
2o or 30 mm ahove 1ts bifurcation ou looking 1nto the cut end
there ean be <cen runmmng i an anteroposterior direction across
the bottom of the trachea betvecn the two bronchi and somewhat
to the left of the mudline a sermlunar ridge the carina fracheae
‘The margns of the carina diverge as they reach the antenor wail
of the traches and form the later ! boundary of what Heller and
v Schrotter term the anterior spur triangle ’ Posteriorly there
15 also formed & smaller postersor spur triangle * The former of
these does not concern us but the latter must be considered m con
nection with the arrangement of the bands of musele 4t thus pomnt

Comerging bands of muscle extend betneen the ends of the 135‘
tracheal cartilage and 1 the case of the bands on the left side
the st two or cven three trichesl cartdlages and the pont]mtl;)r
portion of the carma These conserging bands of muscle m” e
transverse bands connecting the ends of the Jast tracheal cartx ugg
form the boundary of a trangular ares which varies m exten lim
corresponds to the posterior spur tnomgle of Heller and +
Schrotter The higher origin of the left bands of muscle 151 :tt c&?
stant factor These converging brmd: ;re a(nlt:u;tesd internal to the
trachea! bands whenever they cross them (T4
hgl};tic Fihers A closely intervoven layer of elashe fibers sttu
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-d between the museular layer and the mucosa, runs lengthwice
ng the trachea Zuckerhandl has correlated the longitudinal
ds of the trachea (Fig 9) with bundles of elastic fibers The
stic fibers appear 1n the form of bundles because of the folds,
e folds arc formed by the contraction of the trachealis muscle
d the inherent elasticity of the cartilages, and not by bundles of
stic fibers

Glands The tracheal glands belong to the tubulo-acinar type
1ey are situated 1n the submucosa and are more abundant 1n the
tertor wall of the trachen than in the lateral wall

F16 0— Loog tudinal folds in the trache1 formed by the eontraction of
the tract calis musele an 1 the elastiaity of the cartiliges

In the posterior membranous wall they are aituated not only 1n
1e submuecosa but alvo within and behind the museular layer, so
11t their ducts pass through the museular Iyer 1n order to reach
1e surface of the mucosa Notanfrequently the ducts open on the
wrface of the mucesn by 4 funnel-+haped erlargement In longi-
dinal <ections of the trachea the glands are seen to be grouped
| clusters between the eartilages
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Tracheal and Bronchial Epithelum By some auth
ample I' T Schulze the epithelium 15 deseribed as c:x::\s{: e:f
a single Inyer of ciliated columnar cells nferens 8
cells Whera
who con
of the ep
true that v oL
?‘msxst of a sngle Inyer but a close :r}n‘:* L:'l u'in glEen appears to
ernnf b -

c niLn 10U t) pes ean be recog
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F1c 10 —Section of the epithel um ! mnga bronel s3mrt1 1ind ameter X500

nized (1) basal cells (2) Ersatzzellen orintermethnte cells (3)
cilinted cells and (4) goblet cells Of these four ty pes the eiliated
and the goblet cells excced the others in number (g 10)

Basal Cells The basal cells form the deepest ron of cells and
they are situated just above the basement membrane Therr
nucler are sometimes round sometimes elongated and parallel to
the basement membrane on which the cells rest Dividing nucler
are not often seen Drasch has described bisal cells 15 dnviding
1 such 2 manner that the resulting cells he one above the other
on the other hand cells are sometimes seen dividmg 1 the oppo
site direction

Intermediate Cells The intermediate cells form the second
layer and hate various shapes due to the pressure exerted by the
adjoining cells They are 1n general spindle shaped and often
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larger bronchy, they diminish 1n number as the bronehi diminish
m diameter, and finally disappesr in bronchiol of 04 mm n
diameter

Throughout the tracheal and bronehial epithelium scattered
1y mphocytes are found, but I have not found, mn the normal Iung
those collections described by some authors

Regeneration The basal cells give origin to the restitution or
intermediate cells (“Ersatzzellen” of Kolliker, “Ketlzellen” of
Prasc'h), '\‘nd ‘t‘he mtermz‘ednte cells grve orygn on the one hand to

are not infrequently seen with a row of ctha around the etrcumfer
ence of thewr opening This seems to indicate that they represent
a mucous degeneration of the ciliated cells, a view that 1s tahen by
Waller and Bjorkman, F Merkel, Knauff, and Kollther

The occurrence of mitotic figures in the tracheobronchral epr
thehum 1s rarely noted Bochendahl has found them scattered
through the trachesl eprthelum, but he considers regeneration of
the epithelium, under normal condrtions, to be very mactive, a
concluston previously reached by Henle

As previously stated, oceastonally basal cells nith two nuclet
are found and in one instance a ciliated cell nith two nueler has
been seen

Stratified Squamous Epithelium The earliest accounts of stratr-
fied squamous epithelium 1n the human trachea with which I am
acquamnted are found 1n papers by Gniffin1 and by Baraban Bara-
ban found areas of squamous epithelium n the trachea of an execut-
ed ecriminal It has not been my fortune to find this type of ept
thelum n the human traches, but I have found 1t 1n the human
broncht Baraban thinks that the transition of cihiated eprthelium
1nto stratified squamous epithelum 1s due to a low grade of mrn-
tatton which leads to the loss of the ciha and to the appearance of
mucus 1n the cells

As was the case with Grffini all the instances in whick I have
found stratified squamous epithelium in the human bronch: have
been from tuberculous jungs (Fig 11) Assuggested by Baraban,
1t was probably the constant coughing that played the chief role
1 the change from ciated to stratified squamous epithelium

Lymphatics According to Teichmann, the Iymphatics of the
traches consist of two Iayers which are connected with each other
by anastomoses an outer, situsted mn the tunies mucosa, and an

nner overlying layer
In that portion of the trachea contaiming cartilaginous crescents
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INTRAPULMONARY BRONCHI AND BRONCHIOLI

The trachen divides into the night and left bronchus The level
at which this takes place varies, according to Mehnert, with the
age of the mndividual In the new-born child 1t most frequently
tahes place at the level of the third thoracic vertebra, but 1t may be
s low a5 the fourth In the adult 1t usually divides about the,
level of thenters ertebral disk between the fourth and fifth thorac.
1c vertebrac, 1t may, however, divide as low as the fifth or sixth
thoracie vertebra

The earher anatomists described the right bronchus as having
2 more horizontal direction than the left bronchus Engel, followed
by Pansch, was the earhiest I have found to maintam the opposite
view namely, that the mght bronchus followed closcly the gen
eral direction of the trachea, while the left bronchus diverged at &
greater angle

The angle at which the two bronchi are given off vares, accord-
mg to Kobler and v Hovorka, with the age of the individual In
16 new born children the angle at which the right bronchus was
given off varied from 10° to 35°, for the left bronchus the angle
varied from 30° to 65° In an adult male the right bronchus was
given off at an angle of 20°, the left bronchus at an angle of 40°
In an adult female the nght bronchus was given off at an angle of
19°, the left bronchus at an angle of 51° The angle of divergence
averaged 70°

Aeby demonstrated that there 15 a mam bronchus, gradually
dimimishing m size which extends through each lung These mam
bronchi are direct continuations of the two bronchi into which the
trachea divides From each main bronchus lateraf branches, ram
bronchiales are given off 1n 2 monopodial manner, these lateral
branches weore named by Aeby dorsal and ventral broneht The
dorsal bronchi are usually shorter and more slender than the ven-
tral bronchy

According to Aeby, the arteria pulmonalis, as 1t passes to each
Iung crosses the mam bronchus near its upper part and, running
along 1ts lateral side, gradually comes to Lie dorsal to the bronchus
All lateral broncht which arise from the mamn bronchus, below the
place where the arteria pulmonalis crosses, were called by Aeby
hyparterial bronchn On the nght side m man & single, rather large
bronchus arises from the maim bronchus, above the place where

22
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morphologieally 1 the type of ther bronchial distribution
This leads to the following propasitions

Right mde Left side
Upper middie lobe = Upper lobe
Lower cardwmc lobe = Lower Jobe

Huntington agrees with Narath that nugration and not the
artena pulmonahs 1 the aetnve prneple tn modifying it e archu
tecture of
apreal bro
tington as

In s number of contributions d Hardw iller opposes the theary
of dichotomy supporting Aeby 1n this respect but strongly op
poses hum 1 the manner i which the bronehs anse from the mam
stem The lungs are at first symmetrieal and have on each side an
cpartertal bronchus Desistions from this type are to be referred
to the result of atrophy The eparterial bronchus 15 not a lateral
branch of a hyparterial bronchus as deseribed by Narath butisa
special hrouchus

Birch Hurschfeld has investigated the bronchial tree of adults
and agrees with Narath that the upper part of the Jeft lobe corre~
sponds to that part of the right lung which 1s supplied by the
epartersal b hus From a pathol ! standpomt Birch Hirsch
feld thinhs that only such branches should be designated apical
as are exclusn ely distributed to the upper portion of each lung

A recent study by Justecen of the dsvision of the bronchi leads
him to the conclusion that the mode of diviston 15 & modtfied
dichotomy w which one branch becomes much more lughly de
seloped than the other This type of division s designated by hum

sympodial & name apphed by botamsts to a simlir mode of
branching m plants

Thut has made an extended study of the development of tie
bronehial tree and he finds that the gronth of the mamn sories of
broneh: 1s monopodial 1n character subsequent drviston of the
branches may be erther moncpodial or dichotomous the type
depending on the space . wueh the bronthy huve Yo ol

In my onn studies of the mode of division m the adult lung I
have found that the made of division for the main sertes 1s mono
podial but that the mode of dnision for the smaller bronchi s 2
muxed dichotomy and monopody

Cartilages 1he shape postion and relationship of the mtra
n Tmanar anvt lopas form an interesting study Some time 2go I
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does not grve an 1ilustration of these peculiarly shaped cartilages,
but Kmng gave, m his short account of the bronehial cartilages
several small and unsatisfactory dravings of this form of cartilage,
he also smd that eartalages nt the place where broncht divide dd

F16 18 —~A typiesl saddle-shaped cartilage 10 the lung of the gutnes pig
sttuated at the first diviston of the mamn stem bronchus m t e left Jobus 3o
ferior A shows the eartilage 3n situ wl en seen from the dorsal side B when seen
from the ventral side C shows the cartilage alone x22

not always hatve tlus characternstic saddle shape but were subject
to a constderable number of variettes ' I have found thas form of
eartiivge not only 1n man (Fig 13) but lso m the gunes pig (Fig

& &)
/e
[
Fic 14 —~Dorsal view of a smalt Fig 15—A small bronchus from

typmieal saddle-shaped cartilage st own the lung of a gunea pig surrounded by
sty Its relation to the two prin 5 ring shaped eartilage w!ach 1s quite
cipal bronchi 1s clearly shown al o wregular 1o 1t formation %15

the prolongation by whteh tt comes

mto relation with a tt1rd bronchus

The brancht are shown as though transparent X 15

14) I hase also found anather type of cartijage cireular in shpe,
which surraunds a bronchus 4t the pomt where 3t letves it mam
stem bronchus In roentgenogrums of the lung smail circular den
stties are often scen which have been terpreted 18 1 emng due toh':
bronehus which opens erther directly tonard er away from the
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the form of a slender rod rather than a plate 1s found where o
bronchiolus divides
Figure 16 15 a transverse section of a bronchiolus 096 mm 1

gmmeter cut m such a manner that a longitudinal section of a
ranah 24

peov oUW osaud e bpLY cartilage while the
remaimng cartilages are  plates  Both ethnted epithelum and
glands are nresent in tha heanak al [

wise
and the mucosa Where duets from the glinds stuated 1n the sub
mucosa open nto their lumen the fibers arch around them (g
17) The arrangement of the elastic fibers 1s the same where o
branch 13 gnen off from ather a bronchus or a bronchiolus {(Fig
40)

Fi6 17 —Arrangement of the elast e fbersin a
medium-s zed bronch olug at the place where the
duct of & gland opens nto1ts lumen Semt d agram

mat ¢
Muscle The earliest deseription of the it of the bron
chi was given by Remsseicen He described 1t as bemng attached to
the bronchial cartilages and spreadmg; out so as to fill the spaces
between the cartilages The muscle did not disappenr at the point

a scalpel Ressersen nferred from this that 1t extends to the ultt
mate end of the bronchial tube Because he gave the primary
description of the bronchial n;us?u;?ture later mvestigators hase
requently called 1t the Muscle of Rewsseisen

f P‘nﬁm\ fng Rexsseisen there 1s a long list of v estigators who hase
made mention of the muscle and have gnen varous deseriptions
of 1ts arrangement From thig lst the descriptions given by th(;
following authors have been selected as the best representatives of

of the diverse opnions
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L Schultz describes the muscle as forming & completely closed
layer Trankenhauser deseribes the muscle as o Ringmus! elschich!
which forms i the human lung 4 muscular tube which only occa
sonal breaks tn s contmty I' T Schulze desertbes the muscle
as consisting of smooth muscle fibers that pursue a cireular course
but he ndds that toward the end of the termunal branch the layer
gradually grows thmner and finally breaks up 1nto mdvidual rng
bands which are separated from each other by more or less broad
fissures These bands often consist of only a simgle Iny er of muscu
ka}: cells but are at the same time interwoven with delicate elastie

ers

Toldt gives 1 more detailed descriptron of the muscular layer
He describes the muscle 4s forming 4 completely closed layer n the
bronch of the ¢at but the walls of the bronehi :n man also have
smooth muscle bundles in their entire crreumference They are
situated just beneath the tunien propria of the mucosa and form a
connected bu¢ not 2 complete Iayer Their arrangement 1s lattice
hike (mtterformug) as can be best demonstrated mn bronch: which
have been cut open and spread out flat The muscle 1s arranged m
flat bundles which have 1n general a nearly transierse course and
unite to form 2 network Between these bundles there are spaces
bounded by 1cute angles which are situated transverse to the long
axis of the bronchi When the bronch: are cut transversely the
musele Inyer appears here and there to be interrupted and the
smooth muscle bundles are cut not 1n 4 true longitudmal diree
tion but more or less obliquely In the smallest interlobular broncht
the muscle bundles are thin and consist of only & few cells and are
much further apart howeser they stil surround the entire cir
cumference of the bronchial tube

Tolliher says that while the general direction of the muscle
bundles 1s transverse to the course of the broncht they are g0 cen
nected that they form a network and nowhere do they form 7
closed layer as in the circular muscle layer of the mntestine

Sappey describes the muscle as being continuous and compares
1t to the circuler layer of muscle mn the intestinal wall Dubreml
and Lamarque studied the musculature of the bronchi m the
human lung nd that of vartous domestic ammls They gne an
\llustration of the network of smooth muscle in an_ alveofar canal
from the lung of an ox The muscle 13 described as 4 plexiform
sphmncter and according to their illustration the rather coarse
mesh of the network 18 clongated parallel to the long ~us of the
ductulus alicolans They support the statement made by Jmd
flezsch that musele 15 present in the nalls of the siecult als colares

and 2lveol
None of the above deseriptions defines the type of tl e networh
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THE LUNG

. AAgeod?slc line on any surface 15 one of shortest distance (hke ares of

Fre 21

Fia 20
F10 20 —Reconstruction showing the distnbution of bands of smooth mus
cle alang o hranchuclus end 1ty subdiisons B, bronchielus B R, hronclualus
respiratorius D Al ductulus alveolarts S Al sacculus alveolans X125 and
reduced to 8
T1c 21 —Same reconstruction as figure 20 Viewed from the opposite
side Sce legend accompanying Figure 20
to withstand or produce pressures within the space enclosed by the
surface, without a tendency to shp along the surface
Tor the study of muscle, use has been made of the lungs of the
gutnea pig cat, dog, rabbit, and man Iigure 18 shows & <ection
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amount of smooth musele than those of any other ammal I have
studied It 15 the presence of this large amount of musele 1 the
bronchial tree and m the pleura that makes the lung of the gumen
pig so difficult to distend
Figure 19 15 a photomicrograph of a scetion of 2 non eartilagt
nous bronehiolus 0 6o mm n divmeter from the human lung The
plane of the section 1s such that the musele bands are seen extend
ng neross the lower wall of the bronchiolus These bands are not s
clo ely applied to one another s tho ¢ in Figure 18 because the
broncholus 15 extended and not contracted this permuts the
branching and anastomo ing of the bands of muscle to be more
clearly seen The bands vary from 0 02 mm to 0 03 mm n thiek
ness and from 0 608 mm to § 05 mm m wudth
In the lower portion of the figure the muscle bands are obscured
by the extenive pigmentation It was on necount of the large
amount of pigmentation pre ent mn such human lungs as were
a3 ulable that the study was transferred to the dog s lung Numer
ous comparatine studies have shown that no difference 1n the
arrangement of the muscle in the two lungs could be discovered
Thgures 26 and 21 show two views of a reconstruction from a
dog s lung of the musculature of 4 non eartilaginous bronchwolus
0 565 mm 1 dinmeter s branches and 1its termination 1 « pni
mary lobule of winch only a single saceulus alveolins 1s shown
completely reconstructed All of the musele bands were drawn by
meaus of the ¢amera luerda
and placed on the model 1n
as near their ongmal post
tion as possible By tius
Pt wm method the width of the
w&% muscle bands ther thick
& !

ness their relation to each

1
ad T other their relation to the
¢ 00 -~ v places where branches were
- given off from the bronchi
g =~ olus and the distanee to
.~ - ti;" ':" "ﬁ." 3 winch musele extended n
v * o the lung vere ascerfamned
f 2 3 Aswas the case with the
P ¥ ‘ broncluolus illustrated 1n
[ ! t  Tigure 19 thus bronchiolus

1s extended 1t1sin the con
dition of full mspiration
Tia "3 —~Trang erse =cction of & bron The angle ot which the

<l olus 1 mm n diumeter X500 muscle bands dierge from
each other shows « marked
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contrast to those 1n Iigure 18, and 1t also shows the advantage of
<tudying the lung in the condition of full mspiration The tendency
of the musele bands to have more or less of 4 triangular arrange-
mient at the place where branches are grien off 15 czml) mnAde o‘ut

Tia 21 —From a reetion «f & breacts lus 035 mm sn d amcter
The type of the eiliste 1 epithel 1m bas charged fr m o« lumnar ty
eut idal Xo00

In indivadual sections which hate been cut 1n <ach a4 planc asto
melude the alveoh of an aur tube but not the air tube tself, 1 15
not mprobable that the presence of muscle has led to the <tate-
ment thit musele 13 present 1n the walls of the atr spaces The
same my be truc of alveol belonging to sacculi alveolares which
abut aganst a broneliolus when they are cut in such 4 plane that
only the muscle of the bronehiolus 15 meluded 1n the scetion This
has probibly led to the statement that muscle bands penetrate to
the bottom of the alveoli Reeping tn mind the fact that the “in-
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amount of smooth muscle than those of any other ammal T have
stucdhed It 15 the presence of this large amount of muscle 1 the
bronehia] tree and mn the pleura that makes the lung of the gumea
Mg so difficult to distend

Tigure 19 15 a photomicrograph of a seetion of 4 non-eartilagi-
nous bronehiolus 0 65 mm 1n diameter, from the human lung The
plane of the section 1s such thit the muscle bands are <een extend-
g across the lower wall of the broneholus These bands are not as
closely apphied to one another as those in Tigure 18, because the
bronchiotus 15 extended and not contracted, this permuts the
branching and anastomosing of the bands of muscle to be more
clearly seen The bands vary from 0 02 mm to ¢ 03 mm 1n thick-
ness and from 0 008 mm to 0 05 mm m width

In the lower portion of the figure the muscle bands are obscured
by the extensive pigmentation It was on account of the large
amount of mgmentation present in such human lungs ns were
avulable that the study was transferred to the dog’s lung Numer-
ous comp uative studies have shown that no difference n the
mrangement of the musele 1 the two lungs could be dincovered

Tigures 20 and 21 show two views of a reconstruction, from a
dog s lung of the musculature of 4 non-eartilaginous brancholus,
0565 mm 1 dhiameter its branches and its termination i a pri-
mary lobule of which only « single sacculus alveolans 18 shown
completely reconstructed All of the muscle bands were drawn by
means of the eamera lueida
and placed on the model m
ns near their ongnal post
tion ns possible By this
method the width of the
muscle bands, their thich-
ness, their relation to each
other, thetr relation to the
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F@C@&f”ﬁ&,

. °; o places where branches were

. > given oft from the bronchi-

’ ) - - g2 olus, and the distance to
L. A'iu wWrne oSNy whch muscle extended m
v ©TV# o the lung were nscortamed

A mm .

T1¢ 23 —Transver ¢ section of s bron-
chiolus 1 mm 1 diumeter X500

As was the case with the
bronchiolus illustrated n
Tigure 19, this bronehiolus
1sextended, 1 1510 the con-
dition of full mspiration
The angle at wlich the
musele bands diverge from
each other shows a marhed



\\m\mmm\m\ prRONCHY AND nm\cmou 35

contrast {o those 1gure 18, and 1t also shows the Wy antage of

studyn® the tung 1 the condiien of fult nsprration he tendency

0 jess of &rnng\lhr rrange”

ment at the plree here pranches are gven off 18 ensit made out
Qo

i angeme: gt o
ot te\'\uons\np 1o the '\rr'mg,cmcm of the

K\
oy & - -
e 24 ——Trom & rect10n of & \mm‘\ rolus 030 MM n dugmeter
rhe type of the alisted epithelum hos et anged from columnar ©

cubordal X500

in mdwldua\ sections which have peen cub it such o
jnctude the alveolt of an ¥

3
not mepTo! e that the presence of pouscle has ¥ d to the state

10
ment hat muscie bands pcnetmte to

o the state 2
the bottom of the als eobt Keeping 10 mund the {act that the ‘in
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fundibulum” of the ~4 ~ a1

lus alveolanis, the «

made by Rindfleis

fibers of the smallest bronchioles send 1nto the onfice of the n

r

H

Fic 27-—From # longitudinal
seetion of a bronchtolus respira
tortus which shows a small portion
of tle wall of the bronchiolus be

F1e 25 —Tongtudinal section of o tween the openmes leading mbo
bronchiolus 032 mm 1n diameter Afew  guo alveoli The nucley of three
cilisted cells of tle cubordal type ean be ruboidal cells can be seen snd be
seen on the right of the figure folloned huind the emthehum the elongsted
to the left thes gne place fo a non  nycleus of & smooth muscle cefl
cilated cubordal epithelum X500 From a bronchiolus respiratornns
020 mm indameter X500

o~
e
0

.‘1:’,“& ce, w9,
Cated B

- -~

Fio 26 —Transverse section of & bronehiolus respiratorius
035 mm m diameter Only a few alveoh were present along its
walls X500

te to the bot-
fundibula some partial prolongations which penctra
tom of them * If, how ever, serial sections be made use of {and they
should be used 1 studying the structure of tgc lung), the proper
relation of the muscle wall be at once recoguze:

At the distal end of the ductulus alveolrs the musc;g fo]gx‘ni;‘t
sphincter about the openmngs leading 1nto the atria (Fui'] )t D sno
to the sphineters about the openings leading mnto the atna,
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of the cuboigq) nstead of the columpaqy type (g 24) Ihe &oblet
celishay o (ﬁs'lppe'tred but ap 0CCasIona] basal goj) 1Sseen The base
nt

ment mem|yp., when ey transy prgo) reduced 44 4 thin Iy,
Ing Iongxtudm’zl et f o Tonchiolyg Which )5 dmdmg- Into
bron hioly Tespirator, il further sformat e epr
thelium, R be followeq Thee gcellsgradua ly dxs1ppe1r
and qr, replaced Y non eglyq d 1da] eprthel; (3TN

©
Which €an be hogy seen 1p tr'msvcrse Sections of bronchxoh respirq
torn which haye but fey veoly along their walls (p, 2
e non cihiateq cuborda} €ptthelum, ersists tlxroughout the
bmnchxoh Tespiratory, In Ionguudmal seetions of the Tonchiojyg
e ts wal which qpe found pe
tween the Obemings of the alveoly nto it lumen (Fig 27)
n g Iongxtuzlm'zl section thmugh the wapy of o],
Diratoryg at thephcc Where e

1 stall further Modificayy, ' ' Y o the
cuborda} cells wh ch Ime g1 vty Tesprratoryg 8radugly
ecome ttened (Iig 2 ventually o, transfor, ed into
the g s us Cpitheliym (re: Dirtory epxthelmm) Which

quame
hines the waqjls of the pulmonaU ah eo]

Basemen Membrane The basemeny, Membrang of the trache,
2nd broneh, When any attempt ppg been made to deseribe 3¢ has
been describeq 18 1 cleqr homogeneous Structurelesg Mmembrapg
s dernyeq from the subepxthclnl elastie Iyer o S made up of
elong’zted cells blaced end to epg

€ Work of Mal on the Tetreulum E%e q pey ¢onception of

basement Membrapeg and theyr €0mpositiop He showed that 1

the ease of the Iudne) and of the testis the ccli‘a rested on I'; delieate
F

b'lsement Membranes op which the VATIoUs ty peg of cells rest
In the C1se of

Especially thich o few collagenoys fibers ean N some sectiong

be (Iemonstrated bu;

of all the subdry 1510y,

Teticulyy, (Fig 2q)



Cuarrer IV
THE AIR SPACES

Because 1t 15 1 nomenclature extensively used and undersiood
by all T have used the BNA nomenclature No attempt has been
made to name the subdni 1ons of the bronehal tree previous to
the appearance of alveol along the walls of the bronchiolr We
have therefore the following

BN\ Lnghsh equivalent
Bronchioh Bronchiolt
Bronchiolt resptratorn Respiratory bronchioles
Ductuli alveolares { Wveolar ducts

Alvcolar paseages

Atna Atrie
Saceult alveolares Alr s1cs
Alveol: pulmonum Air cells

If the mun bronchus or one of 1ts branches be followed tow ard
1ts distal extremity 2 pont 1s finally reached where cartilages are
no longer present 1n the bronchial walls and the bronchi assume a
tubular character with thetr walls largely made up of bands of
smooth muscle These tubular bronchi have on transserse <ection
2 more or less aircular outhne and are called bronchiol

Eventunlly the tubular character of the bronchrolus changes
and there 2re found small projections 1n 1ncreasing number on al]
sides of the bronchiolus These pro) alveoll) were
by Thomns Willis Moleschott and other early imvestigators

Schulze was the first to give a name to this division of the bron
chual tree He enlled the entire portion of the bronchus which had
alveali projecting from 1ts walls and was situated between a tubu
1ar broncholus and what was then known as an infundibulum an
aleealargang (alveolar passage) Later Kolliher subdivided this
lengthy division into a prowimsal portton which he ealled the
broncl 1olus resprratorius and a distal portion for which he retained
the name originally gtven by Schulze to the entire paseage alteo
largang (nm\ kno“n as the ductulux nlxcolaru) basmg his subdivy

o Anoan 4l

W ous 11gElEtd lau Lo aslinglish between 1n alveolus be
39
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longmng to 4 bronchiolus respiratorius or to 4 ductulus alveolans
1nd one belonging to an atrnum or to a sacculus alveolans The
former 1s an alveolus which communicates with the lumen of an
ar tube and  because of the arrangement of the muscle bands, has
a greater or Jess amount of muscle 1n the knob, mnverted T, or I’lmd
of a ene-shaped wall, which forms the boundary of 1ts opening into
the ur tube The muscle belongs to the avr tube and not to the alieolus

Fia 29 —Schematic longitudinal section of a pn
mary lobule of the lung showing the relation of the
blood vessels to the air spaces br bronchiolus resp

ratortus d al ductulus alveolans aaa atria sal

sal saccull alveolares ap ap alveol pulmonum
art artern pulmonalis with 1ts branches to the atna
and the ssccult v vens pulmonalis wath branches from
the pleura (1} from the ductulus alveolaris (2) and
from the forhing of the bronch:olus respiratorws {3)
(After Miller 1900 )

As far as the termupation of the ductulus alveolarss, there 15 %
general agreement among mvestigators but they disagree m re
gard to the structure of the lung distal to the ductulus ahyeolans
The fact that the pulmonary srtery, which follows the subdrision
of the bronehal tree ean serve as 4 gwide m followmg the finer
divisions of the lung seems to hate escaped the attention it de

serves
In the chapter devoted to the blood vessels 1t will be found that,
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s soon a3 the pulmonary artery has reached the distal extrermty
of the ductulus alvcolans, 1t divides mto branches which corre-
spond to subdivisions ansing from the ductulus atveolans that are
quite distinct, 1 structure and form, from the ductulus, and that
these hranches of ** s Tt o
correspond to still

Returmng now o
from the distal end of the ductulus alveolans, there are from three
to stx more or less spherieal cavities, the atria Lach atnum com-
munteates, on the one hand, with the ductulus alveolans, on the
other hand, with = variable number of larger and more irregular-
shaped eavities, the sacculs alieolares, projecting from the walls
of each sacculus and atrium there are 8 number of smaller spaces,
the alieols pulmonum

We now have the following nomenclature for the last divisions
of the bronchal trec bronchiolus (by some called the “terminsl
Ié hiole *), & holus resprralorius, fulus alieolaris, atrium,
sacculus alieolarts, alteolus pul, The ble of d 1
alveolans, atra saceul alyeolares, and alveol, together with their
accompanying blood vessels, lymph vessels, and nerves, form a
primary lobule

In 1892 I pubhshed a paper in which I 1dentified and described,
for the first time, an atium the worh bemg done 1n the laboratory
of the late Professor F P Mall, at that time connected with Clark
Unnersity, Worcester, Massachusetts This was followed mn 1893
by a more detailed deseniption basing the account on a reconstrue
t10n, from serial <ections, of the ultimate air spaces in the lung of 2
dog This study was repeated, with additional observations on
the ]y mphaties, while worhing 1n the Iaboratory of Professor Werner
Spalteholz in Leipasg, m 1896-97 (See Handatlas der Anatomie
des Menschen, Lepzig, 1914 Bd au Fig 624, also Archiof Anat
u Physiol, Anatom Abthl 1900 ) After my return to the United
States, reconstructions were made from the lung of the cat, a man
jorty seven yearsold snd a mne week-0ld child In each instance
I found the same arrangement of the ultimate air spaces as I
found m my ongnal reconstruction from the lung of the dog Nat-
urallg, there was a variation in the size of the primary lobule, the
o owahanafabnan  ommf e 311

the air spaces connected with 1t, brought out several interesting
ponts The bronchiolys divided nto two branches, bronchioli
respiratorn, bearing scattered alveoli, one of these branches was
carried out m detail After a short course it divided into two
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I16 30 —A purely diagrammatic representation of the portion of the lung
entering into the reconstruction It shows schematically the method of branch
ng of the broneht the number of atna arsing from each ductulus alveolstis
and the sacculs alveolates connected with each atriumy Tie saccul alveolares
of each Iobule are differently colored so that they may be readily distinguist ed
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branches whieh bore « greater number of slveolt than the one from
which they had therr ongin Only one of these latter branches
entered mto the reeonstruetion This duirded nto three branches,
the ductult alveolares, each ductulus alveolwrss gave ongw to &
series of atria and each atnum had & varble number of saceuls
alveolares connected wath 1t (Fig 30)

The reconstruction demonstrated two orders of bronchsoli which
bore alveol before giving ongn to the ductuh alveolares, these
were ted a» bronchnol P 1us 4, and t hiok
respiratorsus b Later studies of the human lung have shown that
this 18 4 common ocenrrence, snd that, 1 A fen mstances, there
may be & third order of bronchioh respirttorn before reaching the
ductulr ah eolares

Theee subdivisions of the bronchioh respirator have been noted
by other inyestigators of the finer ramufieations of the bronchial
tree D Hardialler says that each bronchiolus resprratorius divides
1nto two or more canals which show, on their part, several bifurea
trons

Titth the possible exception of Fhint, none of the mvestigators
who kave studied the smaller bronchs seem to have found anything
but dichotomous branchung It 1s certaw, however, that m the
;:orLtmn of the lung of }he ent entering mto the reconstruction,

— 5 H . £ .

practically the same stize and length anse Two of these ductul
alveolares have each three atna atiached to them, while the third
has four, of the ten atna four have two saeculs ahveolares ansing
from each, three httve each three sacculr alveofares attached fo
thcm,' tho h‘me four sacculi alyeolares each, while one has five

1t seems to me that, n a cerfam degree 1% conforms to the state~
ment of Flint that there may be afternation of the two processes,
dichotomy and monopody

Recurrent saceult alveolares that 18 saceuls that are situated
paraliel, or nearly parallel, to the ductulus alveolans from which
they onginated, were found t the lung of the dog and also 1n that
of the eat

A special study was made from the dung of the forty-seven-ye,r
old man to demonstrate an atrium, its form and convections

In Figure 31 a bronehsolus respiratortus 15 seen divding sarrg
two ductul alveolares The one at the right is carrted out, bt +g
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F1a 31 —Reconstruction from the lung of a man forty seven years old For
descr pt on see text X?50 and reduced to 100
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one st the left 1s left ncomplete It wall he ccen that the bronchsolus
at the nght has at sts distal end » shght dilatation In my onzinal
paper published 1n the Anafomischer Anzerger 1n 1802 thy dilata-
tion was termed a vesttbule By some authors notably Ogawa
Wil<on and others, this has been nustaken for an atnum Wikon
goes so far as to sy that the dilated end of Waters’ terminal
bronelual tube 18 xdentxca! with an atssum This s far from the

_Fro 32 —Reconstruction of stnum 2 10 Figure 31 A fegative gy
I
'

ey Ave
arr spaces was that I found the term already used b;

French authors for an entirely different portion of)t::‘ﬁ!{}h
and 1ts continued uce would be confusing e
Returning to the model Leading out from the dilateq 1
the ductulus alvcolarts there are two openings which Jead po ;
atrra that enter mto the reconstruction An opening 1s seey

bottom of the ductulus alveolaris this leads mto an atnu,,,a,
msntuated b’ela\\ tfle level of the reconstruction Of the {5 Z s

1the
SUS

atrium there s 4 single saceutus alveolans whieh bas buey e
strueted A second saceutus which 1s situated below the feny i
model 15 not seen & small portion of the apening lemlmgnl ‘;-“

.
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sacculus 1s noted at the bottom of the atrium Another saceulus
1s situated above the level of the reconstruction Now, if the model
be considered as o whole, 1t w1ll be seen that there 18 a direet connee
tion between the bronehrolus respiratorius, the ductulus alveolans
the atrium and the sacculus wlveolans, and, viewod as an 1ndepend
ent structure 1t would appear as though this were one contmuous
space But when the upper portion of the model 18 placed upon 1t
the openings leading from the atrium mto the ductulus alveolans
and mto the saceulus alveolans are shown to be cireylar, or nearly

Fic 33~—B 1n Figure 32 cut open showing the mternal structure of the

to the attium 2 Opening
atrium 1 Opeming from the ductu]:xs ulv‘eoln‘x‘-xs u:lu M"nﬂa .r.nul Opemat

ttom of

cireular, 1n outline, by means of them the atrium, which corre
sponds to atrium 2 1n Figure 31 15 differentrated on the one hand
from the sacculus alveolans and on the other from the ductulus
alveolaris The atrium leading to the right is not carried out m a
separate reconstruction, but one can see that 16 has practieally
the same size s the atrium which 15 reconstructed and that there
are two saccull alveolares leading off from the single atrium Other
saccult alyeolares are smu&tcdhat a higher level m that part of the
onstruction which 1s not shown
lﬁecAn smrd:;:endcnt reconstruction was made of the atrium mdxcntled
1n Figure 31, 2 1n order to bring out more clearly its form :;’nd rela
tionship Positnve and negative models were made of the s?}mt;
atrium not & positive from one lung and 4 negative from anothel
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the top section 1n Nigure 32 a Tigure 33 shows the positive from
which Iigure 32 wasmade Now 1f this were 2 portion of 2 complete
corroston the atrium could not be seen for 1t would be 5o obseured
by the sacculs arising from 1t that 1t would be 1mpossible to recog
mzeat

In Chapter XI 1t will be shown that many of the older, and
some of the modern, mvestigators based their deseriptions of the
lung on sections which included s many as possible of the arr

Ima 35

spices m 2 single section (termed ¢ 1deal longitudinal sections’ by
some tnvestigators) For this reason the reconstruction was dis
sccted 1n such a manner that some of the ultimate air spaces and
therr bronchial connections were exposed (Fig 31)

In order that the relation of the various atr spaces shown i the
reconstruction may be better understood and to demonstrate mo(;e
clearly the relations of the atria camera lucida tracings were made
of typieal sectrons

Igl;‘lgure 34 a', an openmng 1s seen marked out by heavy olutf
lines This leads mnto an atrium that 1s situated above the level ol
the section ollowing the wur spaces toward the lower night corner
of the section @ chamn of small air spaces (alveoh) ean be recog
mzed [hese are sections of alveoli which open mto the underlying
ductulus alieolaris and broncholus respiratorsus The heavy out
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Figure 37 15 from a section taken 200 wucra below Figure 36
The opening by which atrium a* communicates with a saeeulus
alveolans 1s cut through and a smali portion of the opemng by
which the atnum with 1ts ductulus 1s shown Three
alveolt (2 a* 2% which belong to the atrium bearing the same
number are seen just at the rnght of atrium a2 Only 2 small portion

of the ductulus alreolarts which we have been considering remains
“hllec the ductulus which first appears mn I'igure 36 15 shown cudt
through its entire length also a small portion of an atrum nnA
saceulus alveolans which are directly continuous with ats ax}sﬂ"E
very interesting series of air spaces 15 scen on the right sxdefas ihe
section and they furnish a good example of the necessity o eccs
sections 1 studymng the architecture of the lung These s}mme
belong to a still different system and are continuations on the
bronchaolus respiralorius of which & small portion appears o
extreme right of the section
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D AR SACS
D ATRIA

ALVEOLAR
DUCTS

RESPIRATORY
BRONCHIOLES

l BRONCHIOLUS

PULMONARY
ARTERY

D LYMPHATICS
Fse 38 ~Neconstruction lran the lung of & nune week-ol 1 child On

iheleft side af the model a recurrent bronchuwlys resprratorius wath s g sb
sequent subdivisions can beseen X80
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The reconstruction of the air spaces 1n the lung of the nine
week-old chld shows the same arrangement as the lung of the
adult man, and 1n additon 1t demonstrates that there maj be not
only recurrent atna and saceult ahv eolares, 2s 1n the reconstructions

> =
he bronchiolus
F16 39 —Outlne of a sectton above the Ievel of t
respiratorius shown in Figure 38 The heavy outlmes indicate :x}:a:
position of smooth muscle The pulmonary artery and its bmn; he
arean solid black Brancl es of the pulmonary 3 ein are indieated by
cross hatel ed areas lympt atics by stippled areas XS0

be recurrent
from the lung of the dog and cat but there may also

bronehioh regpqutoru with thewr ductul alveolares and the atn
and saceuli belonging(to them (I'ig 38}
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T1e 41 —A saceulus alveolans cut off from its atrrum showing
the arrangemeat of the elastic fibers Note the encircling band of
elastic fibers ab iis junction with the airtum, and the network of
fibers whtch enclose the sacculus Semn diagrammatic

Fre 42 —Network of elsstic fibers sur
rounding and enclosng an alveolvs Red
elastic fibers Blue capillares Semi-dia-
grammatic
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elastic fibers reticulum, a few strands of collagenous fibers and
epithehum

The elastic fibers form a network which occupies a central post
tion 1n the wall of 4 sacculus alveolars In the angle formed by
the union of two or more saccul alscolares the elastic fibers have
a compleated arrangement by means of which the saccult are
strongly umted

The reticulum 15 situated external to the elastic fibers and forms
the basement membrane on which the epithelium rests 1t 1s closely
associated with the capillaries about which 1t sometimes forms a
network When seen on the flat surface of the wall of 2 saceulus
1t has the form of a loosely woven network (Fig 43)

Collagenous fibers are best seen where pre capillary blood ves
sels are cut transversely 1n the angle formed by the union of two
or more saccull

C
4 40 tho gge and
1 size of
A from
n adult

It 15 questionable whether nerve fibers are present n the walls
of & sacculus Since occasional smooth muscle cells have been de-
seribed 1n the walls of the capilanes 1f 18 not unreasonable tto
assume that nerves may also be present but they have not 1sye

ated 1n a satisfactory manner
bele&r;\(:f:;l:?ss&;gestudy 1s that of the dimensions of the various -’u;
spaces withm the Jung I have not been able to complete 2 senet
of measurements begun some time smnce In order to armve ;«‘
anything like a correct statement many hundreds of measuremen
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gives a long but not always accurate analysis of the Varous optn
1008

Lientually the contest narrowed down to the question of a con
tmuous layer of squamous epithelium or one made up of Iarge
non nucleated plates mterspersed with 1slands of small nucleated
cells Chrzonszezewsky supported the former Jwolther m his 1881
paper the latter arrangement Of the two opintons that of hol
Ither has up to the pre<ent time recerved the support of the major
1ty of mnvestigators

It will be necessary toreview briefly the s estigations of Eberth
Chrzonszezewshy and Llenz on the alieolar epithelim of the
higher vertebrates and of Colberg on the human fetal lung before
considening the work of Ivollil er for their results paved the way
for Kolliker

Lberth described 1slands of epithelium that occupied the mesh
of the eapillary network but did not extend over the capillaries
these being covered by a structureless membrane His studics
formed the groundwork for the continuance of s mnvestigations
by Elenz one of his students

Chrzonszezewshy erticizing the technique of those mvestigs
tors who demed the presence of an epithelum hning the alveol
svys  In nll these instances the fault evidently lies not 1n the
lung but m the method

As the result of lus studies Chrzonszezewshy foun 1 not only 1n
sections taken Just beneath the pleurn but also 1n sections tthen
from the deeper portions of the lung that the alveoll were Imed
with a complete umnterrupted lnyer of delicate cells which had
a polygonal outlme Oppel says that n Chrzonszezewshy s il
lustration the cells are too umform in size and that the nucler are
alway s 1n the center of the cell a eritieism that scems trrvial smce
the drawing 1s apparently an attempt to represent diagrammat
cally what he saw  and he saw correctly e

Elenz went a step further -
same 1slands of epithelum
found that the structureles
extendmng over the capillaries was made up of large wrregular
membranous non nucleated plates By this statement Llenz be
eame the predecessor of Kolliker in aseribing to the alveolar walls
two types of cells groups of small nucleated cells and Jarge non
nucleated plates

Llenz c£t1c1z1ng the work of Chrzonszezewshy sud that hxf
JMustration demonstrated that 1t w.as the pleural mesothelum anc
not alveolar epithelilum that he had stamed In reply Ch”ol?lsz
czewshy sud and corrcetly that the two 1n no w1y recem !

each other and pointed out that Elenz hnd correctly deseribed and
T 5 O b o ahae t o~ tinne of cells
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spite of nearly constant negative resulls a complete eprthelum
must also exist i the adult human lung

Kollther hihe Elenz desertbes the alveolar epithelm as con
aisting of two distinct types of cells small nueleated flat rounded
polygonal cells which oceupy the mesh of the captllary network
and inrge vanously formed apparently non nucleated very thin
plates which rest upon the capillaries but can also extend over
their mesh

His study was made on + lung which was removed from a enmi
nal half an hour after hus exeeution The lung was mjeeted through
the bronehr with a weak solution of stlver mitrate and then placed
i a 05 per cent solution of the same salt This staned only the
pleural mesothelium and some of the superficial alveolt 1he lung
was next placed in aleohol and some months (sic) later sections
were cut and exposed to the Iight

Any one who has had much experience trying to obtun satis
factory stains of the alieolar epithelium with mtrate of «alver can
readily understand how uncertain its actton can be and Kollther s
Hlustrations are good examples of 1ts
irregular action (Dig 45)

With the general acceptance of Kol
hker s deseription of the slveolar ep
thelium  all ivestigation of the alveolar
e 4 epithelum practieafly ended and lig
'Y " MNustrations are frequently reproduced

o, In a recent publieation Lang gocs a

¥
step beyond Rollther and denics the
’. N T presence of any epithelium except the
&

non nuclcated plates on the alveolar

'* walls He describes a speeial cell which
’ 4 he ealls o septum cell  Tam yet to be
te " cantinced that this 1s anything but an
R I,“ alseolar epthelin) cell wiuch hns changed
é " 1ts form through imbibition of flud or
K4 f possibly 1t may be a mononuclear leuco
242 cyte winech has undergene the same

3 process
The gicat obstacle to a correel under
j standing of the alveolar epithelum 13
) the 1nability to dissect off the epithelal
,}} ayer or to remove 1t by any artifienl

means Colberg tried m vam to solate
Lic 46—Tlesvollenept pyg membrana epithehics and otter
thelnum alot g an ol ectars 2 imvestigators have had the same ¢x

{see text) X500
perience
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As the pathological histologist 1s obliged at times to turn to
normal tissues so the normal histologist 15 obliged to tumn to
pathologieal tissues to obtan 2 better nsight mto the matenal
under observation What Colberg and other worhers could not
accomplish 1 often accomphshed by pathologieal procesces
Through the pouring out of  scrous exudate behind the alveolar
epithelium 1n 2 pneumonit or 1n the mechameal edema of mitral
stenosis with insufficiency of the valves the s d fergo pushes off
the epithelium

~ ..

T el &
L) - e ’\‘7&& N

“‘""“:«#” \“"
- [ )
DT
N\ b
%)

L3

a  Awuy
r

edt

sl
due to the imbibition of the serous exudate In various places on

each side of the alveolar wall eprthelial cells are overlud by otthcr
epithelinl cells this gives them the appearance of having t\,\0
nucler The sections of the capillaries and their relation lm< ;e
epithehum are interesting  Lhe capillary near the center ;)flt len ?ts
tion has on 1ts nght the nucleus of an epithehal ecll while o
left there 1s the thin expanded part of an eprthelial cell .

Eberth Elenz Schulze and Kolliker state that only t};le nqond
nucleated plates cover the eapillaries 2 statement which this o
numerous other sectrons show to be meorrect In the upper []710rt“0
of the section two other eapillartes appear the lower of :] ‘e B
contains a mononuclear leucocyte turncd up edgen: e whie
upper one shows an endothehal nucleus cut transyersely
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In order to show the relation of the nucleus to the thin expanded
portion of the cell an ! the changes n the appearance of the same
epithehal cell nt different levels three sections from a semes are
<hown mn Figure 47 The sections are 7x1n thickness and between

2 and b andbetween b and ¢ 4 section has been omtted
on account of 1ts being struned for the reticulum These three see
tions repre<ent therefore 35u of the alveolar wall More sections
could have been used but they would only have repeated what 1s
shown 1n these three

The amount of the scrous exudate 13 greater n Figure 47 than
m Figure 46 and as & concequence the cells are pushed further
away from the alveolar wall Some of the cells e<pecially on the
left of Figure 47 a have absorbed a considerable quantity of flmd
and are assuming a spherical form As soon as 4 chain of these
cells breahs apart the individual cells float 1nto the lumen of the
alveolus and become the large round cells <o frequently seen

In Figure 47 b <ome of the cells show either the lower or the
upper edge of nuclet which are cut nearer the center n 2 orin

¢ In Figure 47 ¢ 1n wheh indiadual cells are well shown the
spindle shape of the cells before any considerable amount of lmd
1s absorbed 15 clearly shown

When these three sections are considered 45 a whole they point
to the fact that 1n the normal lung the epithehum hining the alveo
lar walls 1s made up of thin flattened nucleated squames which
are closely applied to the alveolar wall and that 1t 15 4 continuous
epithelum

Figure 48 1s from the same series as Figure 47 but 1s from an
alveolus <ome distance from the one shown m Figure 47 Along the
upper border of the section the cells have been pushed off <ome dis
tance from the alveolar wall while on the under side most of the
cells are stall in sefu though somewhat sn ollen Here agnin evidence
13 shown that 1t 15 8 d epithel that lines
the alveolar walls

n

T - lustrating

valls by the

pneumonit

(Fig 49) The epithehum lmng the alveolus m the center of the
figure has been pushed off as a complete and continuous st cet
Certam of the cells have absorbed a larger quantity of flm 1 than
others Juently they have d & more spheneal outhine
The alveolus in the upper nght quadrant of Figure 49 15 of even
more interest Along the lower border of the alicolus the ep
ithellum has been pushed off from the alveolar wall and the
cells show a moderate degree of s1 elling As these cells are folloned




64 THE LUNG

around the left side of the alveolus, 1t can be scen that the epithe

lium 1s closely applied to the alveolar wall and that the nuele1 show
but famtly In other words, on the left side of the alyeolus the epl

thelm 1s 1n 1ts normal posttion a thin, contmuous sheet with its
nucler hhe the cells themselves, stretehed out and stumng famtly

while along the lower border the epithelium has been pushed off
the alveolar wall by the exudate The epithchum mn the other
alveol: also shows interesting stages in the position and form of the
cells

Y TV v v <
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-~ ning the alveolus i the center of the fig ire has
bngapuiged E‘Yeacsp:\”;l:;::ﬂ)us illeet Certain of tle cells are more 5\\0!11;:
than others The alvcolus 1 the upper right of the figure shows demrl)’ o
epithelium before and after an exdate has rused 1t from the surfacc of
alveolar wall Tor a furt} er deseription of the figure see t! e text X315

In Colberg s 1866 paper there 1s an illustration similar to 1 1;.715;5
49 I had not seen this at the time I pubhished my paper in I
Journal of Exzperimental Medicine (1925}, and I hl‘Ke th;s ?plicul
tumty of calling attention to 1t His conclusion that * pathol ;,Ac:nn
and comparatine anatomy facts demonstrate that Cplttc o o
stant negative statements, o continuous epithelium mus }fmzxmc
the alveol: of adult human lungs’ 1s as true today as at the
he wrote
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monary structure Alveolar pores can be defined as minute open
mngs m the walls of the alveol: of the normal lung

\driant 1n 1847 was the first to deseribe as normal structures,
these openings by which an als eolus communieated with an adjomn
ng alveolus In 1850 Schultz followed n 1852 by Kollther dented
that they were present 1n the normal lung Later mvestigators ean
be divided nto three groups

(1) Those who deny their presence in the normal lung

(2) Those who msst that they are normal structures

(3) Those who say that they exist but that they are the result
of pathologieal processes

The first group includes Waters Turner Aigner Miller

Lbner Merkel and Oppel T' E Schulze ean also be neluded 1
this group since he mam

tuns the independence of
the alveoll and ahedlen

gange
The second group com
“q&’ prises Hansemann Hauser
Nicolas Breus and Zim

.
Ar mermann Of these Hanee

L 710l
= mann 1s the most strenu
. é \% 4 ous 1 the defense of his
?{ 7 position  basmg his state
PN . P ments on the fact that after
mjecting a blue gelotin
solution cont uning - large
volume of water and plac
1ng the lung immedately
aleohol munute threads of
Fra 51 —Reticulum 1n the valls of an  gelatin could be een duc
alieolus A fe epithel al eells can be seen ¢ 5 shrinkang of the gelt
ina X500 tin passing through the
alveolar wAlls and connecting the gelatin 1n one alveolus with thot
n adjoutmg alveolr
By Jusmgi gelatin contanmg o mimmal amount of water \,gnc;
found after fixing the lung n v anous fluds 2 complete absence of
the thrends described by Hansemann as passmg t1 rough the nl\eﬂh
lar walls the alveol1 being umfurn’}lly ﬁllled with the gelatn witl
na wregularttics m the contour of the gelatin
The gtlnrd group consists of Henle Toldt hobn Ribbert chr
big Bezzola and Miller Henle deseribed arcular slmr!’db'i“ :‘Tiﬂ
openings 1n the walls of adjoinng alveoh but Mmbutet t lcmdl
the atrophy and re<orption of the lung substance m mature
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viduals In other words he considered them the result of a patho
logical process \lthough Ribbert did not have 2 correct 1de of the
form and arrangement of the eprthelium hinmg the alyveolar walls
he did correctly ascribe the formation of pores to the shedding of
the eprithelum 1 this he was supported by the mestigations of
Herbig and Bezzola
hohn found 1n eases of pneumonin that fibrin threads could be
traced through minute openings in the alveolar wall from an alseo
lus into the adjomning alveolus He did not consider these openings
normal structures but the result of the pathologieal process
For the study of alveolar pores silver stuns have heen quite
generally used Any one who has used silver <olutions to demon
strate epithehial boundaries reahizes the uncertanty of their action
A notable example of this has been
discussed 1n connectron with Tol
hkers study of the alveolar em
thelum
Figure 52 which 1s reproduced
from Merkel shows two so called
Lockern from the lung of the
cat stammed with silver The large
clear space 1s undoubtedly due to
« shed epithelial cell while the
smaller one has been caused by
the slight shrinking of an epithelial
cell The incomplete action of the
silver 13 shown by the broken lines
whtch probably formed part of the lu;;“ﬂf‘fcﬂ]“:ﬁ‘; 1’;[} ‘,;f:n tlge
boundary lines of other cells sected wath 5 solution of silver See
Pathologically  the question ‘text (\fter \Merhel )
whether pores are present 1n the
normal lung 15 of much interest In the section dealing with the ep1
thehum of the alveol: 1t was pomted out that much mn regard to
the normal structure of the lung can be gmned from a tudy of
pathelogreal material So for the study of alveolar pores patholog
weal matertal 1s best used For this purposc seetions from cases
of lobar pneumoma and mtral stenosis with suffictency of the
mitral valves give interesting results 1 the first ease we re dealing
v A 1 Y

r

thellum which 15 pushed off from the alveolar walls by the s a
ergo

Shedding of the eprthelium constitutes but one step 1n the for
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Fic 53 —From a case of lobar pneumema The pxudate has found
its et from « very definrte pomt and has been conyerted mto fibrin
which radiates into the alveolus No pore has resulted beetuse the
epithelntm on the opposite side of the als eolus 1s stll 1ntact X800

Fra 51 —TFrom thesame sersesns 53 The eprthelun
has been puched off from diametrically opposite sules
of the alveolar wall and a pore has been formed with 2
thread of fibrin pas«ing from ane alveolus to an adjain-
g alveolus X400
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mation of a pore If the epithelum on the opposite side of the
aheolnr wall remains intaet then no pore can result from the shed
ding of the emthelium on one <ide of an alveolar wall The epithe
lum on diametrielly opposite wides of an alveolus must be shed
in ordet that  pore may be formed The epithelium being pushed
off from diimetrnieally opposite «ides of an alveolur wall the serum
poured out from the capitlaries now finds an exit into adjoimng
alveolt and with the conversion of the fibrmogen mto fibnin the
charictersstic strands of fibnin pasaing through the alveolar walls
are produced

In Tigure 53 tahen from a cace of lobar pneumonia the exudnte
has e caped from a definite pownt and the epithelial cells can be
<cen attached to the strinds of fibrin as they lease the alveolar
wall \lthough the epithelial cells on the opposite sule of the alveo
lar v alls from whieh the exudate has escaped are somewhat swol
len they are still intwet The amount of exudate 15 large but the
mjury to the alveolar wall 1 of such 4 nature that no pore has been
formed

In Figure 54 the epithchum has been shed from diametrically
opposite s1des of the alveolar wall and 2 pore has been formed
and threads of fibrin can be seen pa sing from one alveolus to the
adjoining alveolus

In the mechameal edemn due to mitral stenosis wath ineuffi
ciene) of the valves there frequently oceursextensive shedding of
the epithehum on both sides of the alveolar wall wiach allows the
<erum ta eseape freely mnto adjoning alveoli It 15 on account of
thiy extensive shedding of the epithelium and the nbeence of fibrn
threads to act as gudes that pores although they may be present
n large numbers ave difficult of demonstration

Alveolar pores therefore are not to be considercd normal strue
tures but the result of some pathological process vhich oceasions
the <hedding of the epithehum on diametrieaily opposite sides
of n aheolar wall

. —- -

have another explanation for the cell found along the alvedlar
walls To quote an opposite opsmon  Lang calls certan eells seen
on the surface of the alveolar walls <eptum cells  Ie further
<ayg that septum cells may under the wfluence of various nor
mal and abnormal stimulations appear as alveolar phagocytes as
dust eells or exudate cells He was_ unable to find any respiry
tory emthehum on the walls of the alveoh  On the other hand
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Max Clara, who designates the<e cells “‘epicy tes,” says “All histo
genetie, stobiologte and pathologe findings speak for the ongn
of the epiey tes (Dechzellen) of the glomerulus of the ludney, and
of the alveolt of the lung, from the onginally existing epithelm *
In other words, the epicy tes ate modified cpithehal cells

At the 1936 meeting of the American Association of Anatomsts
the presence or absence of 4 confinuous epithehum himing the wally
of the pulmonary alvech was the subject of 4 round table confer-

Tic 55—Section of an alieolar wall from
which the epithelium has been pushed off on each
<de by an exudete X400
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A N 116 56—An alveolus situated just beneath
‘-’ 4 the pleurs lined with cuboidal eprtl elm I'ron
: a case of bronchopneumoma X450

-
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ence 7The churman of the conference, Professor Charles C Mack
I, 1n hus report stated it
Though no conclusions were drann by the Conference 1t 13 :mpcilrl :e]zf
the focusing of attention upon the points at issuc will have the e fenco
stimulating efforts which will tesult i the bringing out of ncx[\fac\xl onee,
Tor instance 1f there 1s no alscolar epithelum [as stated by nlgml o
must be 2 regron on the aarw 2y where the eptheltum of the bronc';flle o
comes to an cnd There must be a ¢ free edge” somewhere

1den of 4 non nueleated “plate” 15 disappearing

i the dis
Mackln also stated that 2 number of those tahing par "
cussion saud that they were unable to demonstrate the presence ol
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an epithehum I can sympathize with them 1t took me many 3ears
to find that the material and methods of study usually employed
were useless This Ied to the use of pathological maferialin the
hope that = elue could be found that would assist 1 the solution
of the problem

Such a clue was found 1n the section shown 1n igure 49 While
the alveolus 1n the center of the photograph 1s interesting the
ahieolus 1n the upper nght quadrant is of especial mterest If the
reader will turn back to page 57 and read the paragraph desenb

LN

Fic 57 —Tangental section of an alveol
as [ig 66 X450

thelum on the left side of the alyeolus 15 still spread out s a thn
sheet, closely applied to the alveolar wall, while the cpithelum on
the opposite side of the alveolar wall has been pushed off by an
exudate Figure 55 15 a photograph of a section in which the epi-
thelum on each <ide of an alveolar wall has been pushed off by an
exudate In each mstance 1t 15 a sheet of thin, flattened cells that
has been raised from the alveolar wall and not a membrane formed
on the surface of the alveolar nall as some would have 1t

When an exadate removes pressure from the epithelium, or
throws it out of function there 1s 2 return of the cells to the cubieal
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form seen n the atelectatic fetal lung The following figures illus
trate this point

Sections taken through the pleurt and the underlying alyeol
from a case of bronchopneumoma show the alseolt Imed with 2

s
&w

(N

Fra 58 —Section of an alveolar wall sifuated deep within
the lung showing the same ty pe of epithehum lning its wall
aswsseeninIig 56 Trom a case of Hodghin’s disease X450

—Trom a case of interatitial pneun onia The alveoh are
[ro 89 1"“l)me‘; fvltll cuboidal cpml:elmm X150

continuous layer of cuboidal eprthellum (Fig 56) A clus:etrh:{
cells 1n an alveolus cut tangentally from the same series 'lf ot
from which Figure 56 was taken, shons the charactenstics ol
ordal cells cut transversely (Fig 57)

In Figure 58, taken deep within ¢
lin’s disease, an alveolus 18 scen line

he lung from a ease of Hodg
d with the same type of epr
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thelwam as 15 seen i Figure 86 Still more mipressive 1s Figure 59,
taken from a cace of mterstitinl pneumoma Sections of atelectatie
Tungs show practieally the same type of epithelium hng the alve-
ol

iy

I reahize that those who disagree with these conclusions will say
“pathological ” Granted—but 1n other mstances, for example, the
central neryous system, the normal histologsts have learned much
from pathology Marchand expressed his regret that pathologieal
studhes were often 1gnored, when he said, “Pathologieal studies are
often helpful for a better understanding of normal findings and
have indeed served that purpose ”

In the fetal lung the pulmonary alveoli are ined with a continu-
ous layer of cuboidal epithelium  As respiration becomes estab-
lished and the alveol distended, the epithelmm, still continuous,
becomes stretched out so thin that the usual 1aboratory methods
fail to demonstrate 1t In certain disease processes this thin trans-
lucent epithelum 1s pushed off from the aheolar wall by an exu-
date and, through the absorption of flmds, becomes distinet with
well marked nueler In other nstances the epithelium returns to ats
fetal type of cubardal cells

Shed epithehum 1s frequently seen in sections of the pulmonary
alveoli That these shed cells are replaced through cell division 1s
apparent by the frequency with which mutotic figures are found
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THE BLOOD VESSELS

Artena Pulmonalis. The atterta pulmonalis, the tena arterisa
of Galen, follows 1n all of its subdiisions the subdivisions of the
bronchial tree As 1t arches o1 er the mam-stem bronehus 1t comes to
Ite posterior (dorsal) and slightly Iateial to the bronchus At first

T'16 60 —Schematte Jongitudinal section of a pri
mary lobule of the lung showing the relation of the
blood vessels to the air spaces br, bronchiolus respi-

ratorius, d al ductulus alveolans, a2, atna, sal
sal, sacculi alveolares, a p, a p, alieol pulmonum,
art artera pulmenals with its branches to the atna
and the sacculr, v v ena pulmonalis nith branches from
the pleura (1), from the ductulus alveolaris (2) and
from the forking of the bronchiolus respiratorius (3)

(After Miller 1900 )

the artery and bronchus have nearly the same diameter, but the
artery dimimnshes much more raprdly 1n size than the bronchus, so
that by the time 1t reaches the lobule 1t 1s about one fourth or one~
fifth the size of the ductulus 4l colaris 1t 1s usually stated that the
artery, as 1t approaches its ultimate ending, divides more {requenth

ked
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than the bronehus This would hold true for the old conception of
the lung for no subdivisions of the bronehal tree were recogmzed
beyond the distal termination of what 15 now known a¢ the
ductulus alieolaris

It has already been pointed out that the ductulus alveolarrs gnes
11so to the atria, the atria to the seccult als eolares, and that these
collectively, with their blood vessels, lymph vessels and nerves
form the lobule When the artery reaches a pomnt distal to the

T1a 62 —Network of capillaries 1n tl e walls of
the sacculi alveolares X375

ductulus alveolarss, 1t breaks up 1nto as many branches as there are
atria (Fig 60) Sometimes we find a special branch given off from
the artery just before 1t enters the lobule which supplies the more
dependent of the saccul: alveolares Dach of the atrial artenes
after giving off tnigs to the walls of 1ts atrium, breaks up mturtlw
many branches as there arc sacculs alveolares connected with the
atrum Each sacculus artery gives rise to small radicles which run
1n the sule: between the alteolt pulmonum on the central® sde of
- art of the sacculus alveolanis whch is
nearest 1 the sontar of e 1omate. pompbarelfox that wh ot most d te

sources of
1 the nleg-
89
vork of capillaries into which the artena bronchiahs breaks up i the pleura 7
ituations 1n which lymphoid tissue 1s found
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the saceulus and end 1n a capillary network from which most of the
tenae pulmonales take their ongin (Fig 61)

Capillaries The capillanies mto which the artera pulmonahs
breaks up form within the lung the richest capiliary network in the
body, the mesh of which, as F £ Schulze has pointed out, 1s ex-
ceedmgly small often less than the diameter of the capillaries that
bound 1t

From this capillary netw orh v enous radicles are formed which are
situated on the peripheral side of the sacculus alteolaris opposite

Fic 63 —Capiliary network 1n the walls of two alveolt that abut agamnst a
small bronchiolus Note the coarseness of the capillary network as compared
wath the petwork 1n Tigure 62 X375

the artery From the last point where the arterral radicles can be
recogmized to the first point where the venous radicles ean be dis
tingmshed there are usually twenty five or more capiliary loops

This network of capiliaries 1s situated within the walls of the
saccult alueolares and, as already stated, forms o part of them As
Ramey ponted out only a aingle network 1s found m any given
wall the network 1s therefore, common to two or more adjacent
sacculy alieolares (Fig. 62)

‘The mesh of the capillary network 1 the walls of the alveoh
situated just beneath the pleura 1s much coarser than that within
the lung the proportion being nearly four to one, the same 1s true
m the ease of alveofi that abut against the connectis e tissue septa
and to o lesser degree 1n the case of alveol that abut agamnst
broneht or blood v essels that are surrounded by dense conneetnie
tissue (Tig 63)

Venae Putmonales The pulmonary artery closely associated with
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the bronch
he br us 15 often enclosed within the same connective tissue
ns the arleriae tenosae
the bronchus and its

Fie 64 —Con bination of t! rec sect ons taken througt the center of
a primary lobule of the lung of a dog DA ductulus alveolans
LAA atia AS AS AS saccul alieolares C alveolus pul
momis The tunica musculsris of the ductulus alveolans is indicated by
the broken lines The pulmonary artery 1 indicated by the vessel
with a stellate opening the pulmonary ve ns are 1n sohd black Note
the two veins which arse from the ductulus alveolans they cor
respond to (2) 1n Figure 29 Camera lucida drawing X80

The pulmonary veins can be traced to four sources of ongin

(1) The capillary network within the pleura which 1s derived 1n
man and anmmals with o fhick pleura from subdivisions of the
bronchial artery 1n amimals with a then pleurs from subdivisions
of the pulmonary artery

(2) The capillary network in the ductult alveolares which gives
origin to two venous radicles one on either side of a ductulus As
will be noted later these two radicles are the only vewms found
within the pnmary lobule and carry away blood from the ductulus

and adjoimng atna (Fig 64) N
(3) The two venous radicles one on either side which leave the
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bronch: at the place where bronchi or bronchioh divide (Fig 61)
These venous radicles are sometimes called broncho pulmonary
vems (Fig 69)

(4) The networh of capillanes derved from the pulmonary
artery situated within the walls of the saccul: alveolares (F1g 61)

In a transverse section through a primary lobule which includes
the distal end of the ductulusalveolans (Fig 64) 1t will be seen that
the artery occupies a central the vemns a peripheral position The
two venous radicles which form the exception to the rule that
the veins are penipheral can be seen one on crther <ide as they
leave the ductulus

Bronchial Artery The discovery of the bronchial arteries 1s
usually ascribed to Ruysch who made claim to the honor m the
following words  Hanc arferiam a nemine adhunc esse obserratam
wntrepde affirmo ' He was not however the first to see them
Galen knew that the sorta <ent <mall branches to the lung but
he had no name for them Columbus denied therr existence 1n the
following words  Ab aorta arterta ramus nullus neque magnus
neque parvulus ad pulmones mullilur  consequently thev were
forgotten until Domimeo de Marchettis again deseribed them He
was therefore the second one to describe the bronchial arteries
although Ruysch had claimed the primary honor for himself

The bronchial arteries 1 ary in number and ongin Usually three
arteries are described one for the nght lung and two for the left
lung They ordinanly take their orgm from the ventral side of the
upper part of the thoracic aortn The nght bronchial artery 1s
more varable in its origin than re the left bronel 14l arteries 1t
may arise from the first intercostal artery the thard mtercostal
artery the right internal mammary aitery or the night subelasian
artery Occasionally all three arteries anse from a commeon trunk
Which has 1ts origin on the ventral side of the thoracic aorta Both
sets of arteries pass along the posterior wall of their respective
bronchus and enter the hilum of the lung

As soon as the bronchial arteries have entered the lung they em
bed themselyes n the layer of connectine tissue which surrounds
the bronehi As a rule two or three branches of the bronehal
artery accompany ench of the larger bronchi and bronchiolr and
each subdivision of the bronchial tree 13 accompamed by a corre
spondmg division of the bronchial artery

Anastomosing branches connect the arterial trunks with each
other and 1n this way 2 plexus 13 formed which has a much elon
gated and 1rregular mesh The general cour ¢ of the 1es<els which
form this plexus 1s 1t a right angle to the muscular layer

Branches of the bronchial artery can be followed as far as the
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smaller bronchiol: With the appearance of alveol along the walls
of the bronchiol,, the character of the air tubes changes, and the
bronchial artenes, as a distinet set of vessels, disappear (Fig 61)

From the artertal plexus i the fibrous layer small branches are
gnen off which penetrate the muscular layer, when they have

o O
,,vfr/’“

F1a 65 —Transverse section of bronchiolus 0 7 mm i drameter

Bronchial arteries red, pulmonary vessels, blue X860

hort distance

reached the funica propria, they turn and run for a sl

parallel with the muscle l':undles, and then break up mtz :;SP&

lartes which form 2 network, the long axis of which corresp

the long axis of the bronchus
I mmg this network of capillaries venous radicles a;:se,ﬁ:‘vx:z:g

umte to form o plexus with an 1rregular rectangular m8§ ),(:s o

on the mner side of the muscular Inyer, from this ple:
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branches penetrate the mu\cular layer and form 2 second plexus
of larger vessels along the b 'y hne & the and
fibrous layers From this second plexus small veins arise which form
one of the sources of origm of the pulmonary vemn (Fig 69) By this
arrangement the muscular layer of the bronehi and of the bron
chioh 15 satuated between two venous plexuses

Taling up now in detail the distribution of the bronchiat blood
veseels, Figure 65 1s & transyerse section 1004 thich of a bronchio
lus07mm in diameter The three principal branches of the bron
chial artery (red) are nearly equidistant from each other Small

Fic 66 —Dissection of a longitudinal stryy
of & bronchiolus Bronchusl vessels red pul
monary vessels blue x20

branches of the artery appear scattered about 1n the outer fibrous
coat of the bronehiolus On the left side of the bronchiolus midway
between the pulmonary artery (blue) and 1ts lumen <ome of the
branches of the bronchial artery can be seen which penetrate the
muscular layer and exentually break up mto the camllary network
whieh 13 situated within the fumeca propria of the bronchiolus A
few of these capillaries can be scen as fine blue vessels on the
opposite side of the bronchiolus running parallel to its long avis

The two venous plexuses which enclose between them the muscu

lar Inyer also appear 1n this section the outer plexus being made
up of larger vescels than 1s the inner plexus Small capallary s essels
can be seen here and there extending between the venous plexus
m the wall of the bronchiolus and the capillary network in the
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walls of the alveoli which are 10 contact with the bronchiolus The
capillaries i the alveolar walls are dertved from the pulmonary
artery’and not from the bronchial artery

!
Fra 67 —Capillary network within the walls of & bmnchwlusmlz:o:lcltl;:lc
artery red, capillanes dark blue venous plexus on the mner su

muscular layer light blue X100

been cut
In Figure 66 a portion of a bronchiolus, which has
open Ionggltudmal])f’has been disseeted m such a mam:er“ thhl'itct :}1::
left leaf of the dissection 15 made up of the fibrous coa 0 iy
right leaf 15 composed of the muscular Iayer, theI lun‘; thfc i
and the epithelium The two leaves were then so ;;l'xcc“ns Pt
could be opened like the leaves of 4 book One cfhtt ell)n oo mroce
to the left while the other was turned to the night, by
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dure the left leaf lay withits outermost surface down and the nght
Jeaf wath 1ts epithehal surface down

The left leaf shows a portron of the arterial plexus, some of the
smaller artertal branches, a portion of the outer venous plexus,
and one of the venous radicles which would have ecentunlly taken
part in the formation of a pulmonary vem (see Fig 69)

The nght Jeaf has » number of ponts of inferest A hittle to the
Jeft, and somewhat below its center, o branch of the bronchral
artery can be seen, situated underneath the pownt where three
venous twigs apparently come together The artery and the venous
twigs were cut off from the artenal and yenous stubs which can be
recogtuzed neasl) opposte to them, on the left leal The larger
venules are part of the plexus outaide the muscular layer, the
smaller 1enules, which, with the fine straight vessels, form the rec
tongular areas, belong to the venous plexus which 1s situnted 1n-
side the muscular layer, while the fine straight yessels are the capil-
lartes which are situated just beneath the eprthelium mn the tunica
propria 1t1s necessary that the artery and 1ts course 1n each leaf be
recognized, for this 1s the artery that appears m Figure 60, and
grves ongn 1o the capillary network there shown

Figure 67 13 an enlarged view of the lower half of the nght feaf
1 Figure 66 This was obiamed by turmng the leaf over, so that
tts epithehal surface came to lie uppermost for this reason the
course of the artery appenrs to be reversed from that which 1t takes
m Figure 66 The dark blue vessels are the superficial capillantes,
the hghter colored vessels are situated deeper, and take part
forming the venous plexus on the imer side of the muscular Inyer

The artery 1s seen breaking up inte o number of branches which
at firet run parallel to the musecle bands, they then give rse to a
number of short branches, which termmnaie mn capiilanes that run
lengthwise within the funica propria of the bronchiolus

Weor o FRMILENEN B - ey

and the aur spaces beyond them are supphed by the pulmonary
artery and not by the bronchial artery LeFort, Kuttner, Schwarz
and others have previously siated and my ownnvestigations con
firm therr ohservations

As the bronchtolt resprratorn are approached the bronchial ar-
Aenies termunate 1 o network of elongated cupfitanes whach repre-
sent the capillartes 1n the funica propria and the attenuated venules
outade the museular layer By this arrangement the museular
layer 1s still enclosed by a vaseular networh The eapillary networl
thus formea quickly merges with the caprilary network m the walls
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of the alveols, and from this pomt onward the pulmonary artery
alone supphes the bronchial tree

Figure 68 shows a bronchiolus respiratortus which 1s dniding
on the night, into two duetult alveolares The section was of suffi
cient thiekness te wnclude the full diameter of the bronchiolus In
order to understand this section completely 1t 15 necessary to recall
certamn structural features of a bronchiolus respiratorius the mus
cle 1s arranged 1n the form of anastomosing bands, opening out of
the bronchrolus, through the mesh formed by these anastomosing
bands, are the alveols, the alveol: are supplied with blood by the
pulmonary artery, and they take part in respiration (Fig 61)

Fre 68 —Vaseularsupply ofab hiol parat Fora
see text Pulmonary artery, red, all other vessels, blue X688

h
The plane of the upper surface of the sectron i Figure 681s suc

that thg muscle bangg are intact, nhile the alveol have been {cl‘::
off close to their connection with the bronchuolus That ﬂl]:s 115 he
case 15 shown by the clear openings leading into the bronchio tuhsrec
branch of the pulmonary artery which was dividing 1nto e
smaller branches was cut through just as 1t arched over the rdnun oy
contour of the bronchiolus If the capillanes which mcbo:reecthe
connected with that portion of the artery which hes fz\ o e
musele 1n the center of the section be followed, 1t will be fhm;s hat
some of them pass bencath the bands of muscle while 0 I:tmg e
outside of the muscle, in this manner continumg the tmth on e
muscle and blood vessels which has existed throughout the

chial tree
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The capillary network winch is 1n close apposition to any dint
s1on of the ur tubes o1 to any blood ves<el 1~ alwnys coarser than
1n the walls of the air spaces This ts shown along the upper border
of Frgure 63 where the capillaries are umting to form 2 small
venous radiele

It 1s interesting to note that this transitional zone from the

hual to the p 3 1! 1n the bronchial tree 1s a
favonte place for tubercles to develop I have found this true not

F10 69 —A branch of the pulmonsry sein ansing
Irom the place where branches are given off from x
majn bronchiolus Bronchral artery red pulmonary
vessels blue X50
only m expenimental tuberculosts but also in early human tuber
culosts W hether this be due to a re&ardatu'm of the circulation at
[N M

at the hilum of the lung these anse from the first or the first tue
dividing powmts of the bronchial tree they may also recene
branches from that part of the pleurs which 15 in close proximity
to the hilum These brouchial vewns empty mto the azygos the
heminzygos or one of the mtercostal vems
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Wathin the lung the radicles which have therr origin from the
outer venous plexus in the walls of the bronehi and bronchiol or
from the eapillary network mn the walls of the bronchiol re p
ratory unite at the place where the bronchr or bronchiolt divide to
form 4 radicle of the pulmonary vein

In Figure 69 2 branch of the pulmonary vemn 1 shown which
has its origmn from small venules that come from the place where
two bronehr wheeh are respectively 3 and 4 mm 1n diameter anse
from n bronchus which 15 6 5 mm 1n dismeter Another vein which
was formed 1n hke manner was present on the opposite side of the
bronehus As a rule two radicles of 4 pulmonary vemn arise from
the place where bronchi or bronchioh divide Smaller vemns an ¢
from the tistal end of ductult atveolares these are also pured and
they jorn larger branches of the pulmonary yem which are situated
on the periphery of a puimary lobule 1o recapitulate except for
alimited area about the hilum all the blood which 1s distributed to
the bronchal tree 15 returned by the pulmonary veins

When the richness of the capillary networh tn the bronchial walls
15 considered 1t can readily be understood that it may be the source
of a severe hemorrhage ansing exther from o localized infection or
from a foreign body finding lodgment 1n an air passage 1t also as
sists 1 understanding how a localized 1nfection in the wall of a
bronchus or a bronchiolus may find 1ts way through the epithelum
and gamn entrance erther mto the yascular networh 1n their nalls
or mto a lymphatic and thus give rise to « hematogenous or to a
Iymphogenous extension of the infection

Yates found from his extensne experiences m World War I
*hat wounds of the lung which involve the bronchial artery are
much more fatal than those which mvolve the pulmonary arter};l
this 15 due to the lugher pressure m the bronchial artery “1;10
causes splentzation or hemorrhagic infarction extending to the p! 5{:
ral surface and 1s almost constantly proy ocatn e of empyema
struction of the hronchral artery may oceasion infarction and gan

ren
& Ds anastomoses eust between the bronchial artery and th“}%‘}‘}e
monary artery? Following the announcement by Ruysch of

fuﬂg“ tl:c pr:sence ofubronchml vemns and the relation of the bron
chial to the pulmonary blood vessels hose problems by

{

Notable contributions have been made to

Wohlfahrt Heller Rewssesen v Sommering (;lﬂnt"}fer:-‘“ic:z:‘e
LeFort Kuttner Zucherhandl Nakamura and o

work will be discused later
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Up to the time of Guillot there nas a general agreement that the
bronchial artery anastomosed with the pulmonary wterv Guilot
njecte ! the pulmonary artery with o <olution of gelatin colored

that the two systems anastomoced but In etery istance com
munications existed between the bronchial artery and the pulmo-
nary vem

Wishing to determine for myself whether there weie antstomoses
between the two arteral svstems I made 4 senes of five sets of
1njections using the lungs of dogs weighing from 20 to 21 kilos
In each ipjection except the last an 8§ <olution of Berlin blue in
gelatin was used and < pressure of 110 mm of Hg

(1) Berlin blue in pulmenary artery pulmonary vein open
Result bronchial blood ves<els uminjected

(2) Berlin blue 1 pulmonary vemn pulmonary artery open
Result shght mjection of bronchial vessels

(3) Berlin blue m pulmonary artery pulmonary vemn clamped
Result 1mperfect 1njection of bronchial vessels

{4) Berlin blue 1n pul y vemn pul y artery cl 1
Result complete 1njection of bronehial vessels

(56) Berlin blue n pulmonary vein until 1t flowed freely from the

! y artery The pul y vein was then clamped and a
solutwn of gelatin contmiming sermilion granules 1n suspension was
forced into the pulmonary artery Result bronchial blood vessels
and pulmonary ‘eins blue pulmonary artery red no anastornosis
between the two arterial systems

These experiments demonstrated quite conclusively that the
bronehial blood vessels are directly connected with the pulmonary
vemn and ean be only partially injected from the pulmonary artery
when the pulmenary vemn 1s clamped and then by a backward
flow along the venous radicles which anse from the bronehs

From the expertmental s1ide confirmation of the above conclu
ston 15 found in the work of Ghoreyeb and harsner Larsner and
Ash Berry and Daly and Daly

Do anastomoses exist between the bronchial and pulmonary
arteries? If the question be restricted to the arteries 1t must be
answered mn the negative If the quesnon be asked 1f thcre be
anastomoses between the L mal and
systems T answer in the affirmatine but 1t 13 by means of the
capxllarxes

the entre L hial tree capillary anastomoses like

those seen 1n Figure 65 are found It 1s concervable that at times
the sume thing m1y oceur 1n the lung as elsewhere in the body
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namely through some obstruction to the normal flow of bloed a
vessel or vessels may be developed to v greater degree than 1s
the usual case and 1n this manner an occastonal anastomosis may
arise

Another source of misinterpretation 1s found 1n the fact that the
vasa vasorum of the pulmonary artery are derived from bronchial
arteries A branch of the bronchial artery 1s traced into the wall of
a pulmonary artery therefore they anastomose
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THE LYMPHATICS

The 1y mphaties form a closed system of vessels They do not
communicate with the conneclive lissue spaces neither do they com
municate with the pleural canty by means of stomata

Lymphaties not only play an important part in the dissermnation
of disease processes within the lung, but they also assist in the
healng of dicease processes An example of the former 1s found mn
tuberculosis of the latter in pneumonia

Structure of the Lymphatics The larger Iymphatics resemble
the vemns m structure but they differ from them in that ther
diameter varnes greatly within short distances becomng suddenly
narrow only to widen mmmediately Three distimet walls can be
distinguished 2 tunica intima a tunica med1 and a tunica adven
titza The tumiea adventitia 1 the most charactenstic coat of the
lymphaties since 1t contains numerous smooth muscle fibers some
of which run longitudinally others obliquel The mtima conststs
of a layer of endothelium The smaller lymphaties have only two
coats a tunies adventitia which consists of fibro elastic tissue and
a tunica mtima formed of endothelum The so called lymph cap
illaries consist of a single layer of endothelum

The lymphaties 1 the neighborhood of the hilum and 1n the
pleura contain numerous valves whie within the lung only an
oceasional valve 1s found The valves are usually arranged 1n
purs they are formed by semilunar folds of the mntims and
strengthened by a small amount of connective tissue They are
covered by endothehum the cells on the stde of the valve turned
toward the lymph flow are elongated 1n the direction of the flow
while on the opposite side of the valve they are placed transversely
across the valve In the lymphatics of the pleura m the septa
adjacent to the pleura and at the lum the valves frequently
have a small pouch or sinus where they leave the wall of the
lymphatic These sinuses are best demonstrated n longitudinal
sections of the valve

In one nstance a valve was found which consisted of a single
leaf the other leaf bemg formed by the attenuated wall of the
tymphatic into which 1t opened (Fig 70j Not infrequently valves
are seen IR cross section sometimes close to their origin from the
wall of the Iy mphatre then again more or less tonard their aghest
pont 1 the vessel (Fig 71)
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e 70~\n abhque Section thmugb a Iymplahc vahe
whieh COnsists of one loqf the other bemg formeq by tie af
tenuateq wall of thely mphate Lo 3 hyep openg X150
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nalis the latter accompanies the bronchi the pulmonary artery and
its ramifications and the pulmonary vemns It also forms a dense
network n the connective tissue septa betneen the secondary
{obules The two sets of lymphaties are 1 commumecation with

- -

St Gp peestt Tt

Fic  ?~—Lymphat cs of the lung as llustrated by T W s

each other in the pleura and at the nlum of the lung The nature
of this communication will be discussed Iater

The lymphatics of the lung were first scen and desenbed by Olof
Rudbeck 1 1603 He saw them 1n the pleura of the dog s lung
apparently only 2 few of the mam trunks at the hilum of th e lung
were scen Thomas Willis 1 s Phar naceutice Rationalis pub
fished 1n 1670 after desenbing the blood and air vessels of the lung
sy s 1n regard to tle lymphaties

v a .

contumn not long wlat 1s deposite 1 1n them th erefore there 1s need of
1y mph tucts as <o many channels w! ereby the superfluous f umo tr m gi t
cont nually be sent off 1f t1 ese at any time I appen to be obstructed or
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broken there often follans a Dropsie of the Lungs or Breast and some-
tumes Coughs and Phthigiehs

By preventing the discharge of the contents of the thoracie duct
mio the subclavian vew 1 a dog that had eaten and drunh largely
Willis caused the suptrfiral lymphatics of the lung to fill and be
come very apparent due to the fact that they were unable to empfy
themselves (Fig 72)

Passing over an interyal of one hundred yeirs we come to the
epoch mahing worh of Cruthshank and of Maseagni on the ymphat
tes Lach of these authors described + superfiol and o deep set
of pulmonary Iymphatics which communicated with each other
Both confine thetr descriptions almost wholly to the superficial
set saywng but little hout the deep set

Another mterval of nearly one hundred years must be passed
over before notevorthy contrnibutions were made to our hnowledge
of the pulmonary lymphaties though much had been added to our
Lnowledge of the general distribution of Iy mphatics w other situa
tions Wywodzoff studied the Iymphaties of the lung of the dog

. T3 ot -

5 b g me a8 nw feom

e

o

described lymph spaces in the walls of the saccuh alveotires 1
which the lymph collected (Thece app were evidently
artifacts ) The larger Iymphat

eaused by extrayasations and were
1es were sttuated 1 the walls of the blood vessels and bronehi
"These two sets of Iy mphaties communicated with ench other The
superficial tymphatics formed 4 network which was destitute off
valves while the deeper set possessed valie (sie) The two sets o

Iy mphatics (superfietal and deep) were connected with each t}ther
by branches v hich followed the course of the pulmonary xeén aon:
the pleura mto the iaterior of the lung where they jomed of \}e

tvmnhaties coming from the broneh or from ocherﬂbloud:‘erss'fi

A W u
epithehal cells hnng the broneh ‘\heseh\;nxxrl Zm Y :;phahc irunhs

of yessels whieh in turn gave ongm to ¢

which passed out of the fung at the um In adsecojzd S«p:gﬂl;e

made no reference to his previous statements an efn end:’trunks

doned them The pleursl by mph')mcs eventually forme

which passed to the hilum of the lung Jeura and 1n the fung
Sappey states that the [y mphatics 10 thei rxlsaf:‘i;s o mcation

communicate freely with each other So fr o
that olxlll: set of \e};sels cannot be myested without injecting the
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other He makes a notable contribution to our knov ledge of the
pulmonary lymphaties when he desenbes the secondary lobules
which are <o plamly marked out 1 the kng of the ox and n the
fung of man s bemg surrounded by 4 network of lymphaties
which resembles the network of blood eapifiaries m that 1t 1s com
mon to adjacent sccondary lobules The superfietal (pleural)
tymphaties sre nrranged in the form of wrregular polyhedral rings
with four five or six unequal wudes These vessels kve an unusually
large diameter

vems are not sccompamed by Iymphaties but have pernvascular
tymph spaces about them hlein was « strong advoeate of the now
absolete theory of the commumeation of the pleural eavity wath
the lymphatics of the pleura by means of stomata sstusted i the
mesothelum of the pleurs pulmonahs

In 1900 I published m the Archw fur Anatorie und Phystologie
the resalts of my mvestigatsons on the blood vessels and lymphat
s using the dog s lung as the baus for my work and in 1908 I
demenstrated at the Chicago meetmg of the Amencan Assoeiition
of Anatomists the lymphatics of the human lung

In the early stages of the development of the hungs the bronehn
artertes and veins are closely assomated wath each other Asdevel
opment progresses the broneh: and arteries mauntamn this close

an the networks of lymphatics which are associated with the<e
structures

Cunmngham states that while at first the bronchi and artenes
have o common plexus of lymphatics eventually this plexus of
Iymphatics becomes differentiate 1 nto two parts one of which
follows the bronehus whale the other follows the artery These two
plexuses never become entirely distinet but muntamn connecting
vessels especially at the points where division of the broneh
oceurs

Lymphatics of the Bronchi In the larger bronchs which possess
distinet cartilages two sets of lymphaties are present They are
so arranged thay they enclose the cartiliges and ave connected
with each other by anastomosing vessels nhich pass between the
eartilges The smaller bronchi and the subsequent dinistons of
the bronchial tree have only s single plexus of lymphaties This
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plexts beecomes more and more 1edueed in size and complexity
until 1t finally terminates at the distal end of the ductuli alve-
olares 1n two small vessels, which join the lymphaties that accom-
pany the radieles of the pulmonary veins which ongnate at this
pont. Beyond the ductull alveolares I have not found any lym-

Buntmg ) X50

phatics,1n other words, xl;o lynllphlatxc; are presentin the wallsof the

ar spaces distal to the ductult alveolares )
* rLyri'xalplmtics of the Pulmonary Artery. The brla;nches :ifnt};; xﬁ;}l
monary artery are accompanted by two or t 1I-ee Il?at“een v
trunks which are so arranged that one of them hes et
artery and its accompanying bronchus. The':efmamd Sy
connected by numerous loops and there is thus forme
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with a very wregular mesh (Fig ¥4) At tumes 1t scems as though
the trunk situated between the artery and bronchus is common to
the plexus about each (Fig 74v) The smaller divisions of the artery
are frequently sccompamed by only a smgle hymphatic The
bronchial lymphatics and the artenal lymphaties are m communt
cation with each other at the place where dintaon of the bronch

Fre T4 —~Reconstruct on of the apex of the nght lung from 2 manr 30 years
old showing brsnches of the pulmonary srtery (red} of the pulmonary vesn
(ulue} and the Iymphatica {yellow) The air spaces are blmsh grey Note the
plexus of lymphaties about the large branch of the pulmonsry artery 1f the
reconstruction had been commenced o few sections earlier the artery would
have been commenced a fes sect ons earber the artery would have been com

oceurs and at the distal end of the ductult alveolares olthough as
stated above communieations may occur 1n other aituations
Lymphatics of the Pulmonary Vemns The pulmonary srtery
enters the lung at the hilum the pulmonary vems emerge from
the lung at the hilum Ve must therefore trace the lymphatics
from the pomts of ongn of the pulmonary vemns As has been
pointed aut tn Chapter V. the pulmonary voins anse from the
pleura from the walls of the sacculi alveolares from the dietal
end of the ductuht ahieolares and from the place where broneh



96 THE LUNG

dnide Lymphaties are assocrated with the vemns from il of these
points of ongin exeept those veins which arice from the walls of
the saccult alvealares Sinee no lymphaties are present in the walls
of the sacculi alveolares, there are no lymphaties clong the vewms
which anse from their walls The smaller vemns wre accompamed
by one or two lymphaties but as the vems increase in size there
1s gradually formed a network of lymphaties which has o corre
sponding increase sn complexity (Fig 75) This is espeaially true of
those vens which are situated 1 the connectrye tissue septa (Tig
75a) As wall be <een later, the network of lymphaties about the

oo ey

o gy
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1ns 1n this situation has still further connections The lymphatics
Xf(;l;h accc:mpany the 1enous radwles whiek anse from tbehbrtt::s
chial tree jom the lymphatics of the broneh Those lg'lxlnp l:ur:l
which accompany the venous radicles & hich arise from‘ e 1:" ourd
jomn the plexus of 1y mphatics in the pleura. At the p ac[e her
the venous lymphatics jom the pleural lymphaties, \nsy: » o
present but throughout bllsne lungsggh)e Iymphatics are, a

valves (See also page

deif;:x‘:;i;tlcs ;}lthe(Pleum Ssppey deseribed the p[tiu;']al 1]3 1;1&2]:;;
1cs as bemng arranged mn the form of wregular polyhedra
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having four or more unequal sides. My own study of mjected and
uninjected lymphaties of the pleura confirms this statement (g,
76). There 13 only a single plexus of lymphatics in the pleura,

struction

Fio 76 ~Plexusof iymphsticssbout a pul
morary vein This particular vein was situ-
sted in an ntetlobulsr septum X 20
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though 2 pleural and 4 subpleural plexus have been deseribed The
latter however do not cust The large lymphaties which take
part m the formation of the rregular polyhedral rmgs mark out
the secondary lobules Withun these larger areas smaller areas can
be recogmzed which are marked out by lymphatics of lesser size
These smaller areas correspond to the primary lobules Often still
smaller lymphatics can be seen situated within the smaller areas
and frequently a fringe of wregular finger like projectsons 1s found
along the smaller Iy mphaties Some of these are undoubtedly due
to tneomplete mjection of the Iymphatics while others seem to be
bhind ponts of ongin That they are not occasioned by rupture of
the walls of the lymphatics 13 shown by ther having a distinet
boundary wall Valves are very abundant but as stated by Cruik
shank the lymphatics of the pleura communicate so freely with
each other that they readily fill with the injection mass On the
other hand valves prevent the passage of any mjection mass 1nto
the deep lymphatics of the lung The pleural [ymphaties umte and
farm a1 anable number of trunks which drain into the lymph nodes
at the mlum

Cunningham 1n hus study of the development of the lymphatics
of the Jung m the ptg has described lymphatics which come from
the pleura covering the diaphragmatic surface of the inferior lobes
and dram through vessels situated 1n the ligamentum pulmonale
1nto abdominal preacrtie lymph nodes and thence to the thoratic
duct while the Iy mphatics comng from the anterior portion of the
nferior lobes drain nto the group mn 1y mph nodes at the hilum and
thence to the thorac - ! = ot o vamard fo
the lymphatics pas

be true for the pig
Iyraphatics of the pleura have been desenibed by every mvestigatos
sho has studied the lymphatics of the lung there has been much
confusion 1n regard to thewr relationship to the deep fymphatics of
the lung This has been due m a large measure to the fact that no
distinction has been made between lungs which have a thich pleura
with well marhed connective tissue septa and those wiich ha.'.dc o
thin pleura with no connective tissue septa Then agan xmd 28
tinction has been made between primary lobules and secondary
lobules

Lymphatics of the Interlobular Septa Sappey was the ﬁr(s‘t tio
describe these lymphatics with any degree of accuracy and nl
though ('~ e lman mentions them he doe
descrip
g}ilets};esepm Cunmngham says Heivwiuiin v«
deseription of the mterlobular vessels but does not claum to have

s Dot grve any detm{ed
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found these same vessels ”’ At that time (1902) I desciibed the lym

phatics asfound inthedog'slung Asthis animal has athin pleurs and
consequently no interlobular septa I could not deseribe that which
did not exist On the other hand I did describe homologous vessels
about the vemns on the perphery of the primary lobules and as

- “
vy .
;o o

Tre 76 —Lymphatic plesus 1n t) e pleura A detatled
deseription of this figure 13 giver 1n the text X8

the secondary lobules are made up of primary lobules the
ference 15 that they would be found about corresponding vemns on
the periphery of the sccondary lobules After studying the lym
phaties of the human lung I demonstrated these special lym
phatics at the mecting of the Association of Amernican Anatomusts
11 1908 and showed that they were associated with the pulmonary
‘e and that there was o rich network of Iymphatics extending
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from the plexus which surrounds the vems mto the septa nnd that
collectnrely they formed = cordon around the secondary lobules
In an address before the Ameriean Roentgen Ry Society in 1916
the year before Cuntingham s paper appeared 1 confirmed the
statement of Councilman and gave additional facts Flnt alco
found lymphatics on the periphery of lis secondary lobules Ve
have then the presence of lympliatics 1n the mterlobular septa
established by the embryologieal 1nvestigations of Fhint and of
Cunningham and by Sappey s and Couneilman s 1 estigations
of adult lungs In fungs destitute of mnterlobular septs they wil)
not be found

In Figure 752 there 1s llustrated the plexus of Iymphaties wbout
one of the branches of the pulmonary et which 1s situated 1 an
mterlobular septum and in Figure 77 o portion of the cordon of
Iymphatses 1 an interlobular septum The latter figure shows how
the [attice ihe networh of lymphatics extends between o large
vein on the left and 4 smaller vem on the nght The small thick

Thys
Tie 77 ~—Plexus of lymphatics i an interlobular septum Th:
\llustration s deseribed m detail 1n the text X15

walled vessel about midway between the vewns 15 & braneh of the
bronchual artery

An Enumeration of the Valves Up to the present time I am ?}?t
aware of a systematic enumeration of ‘tjhe é}m{)}l]mt;}cs‘:\}t};: ﬂce
I Iy paper bearing on the subject with winel
i ‘th? x(;ntl{mlz Ef K who made a study of the ently
development of the lymphatics and ther val\e; u? 1t[he hunﬁ’n
lung the mamn facts of which are contaned m the folloning
ot vade the
In a 2 2 months fetus the lympham? were ;us: il:;:g;‘)?;;:li:g nvag

re withn the fung or a!

Im;ﬁ aN2051i\r:£1]hast lfi:s:ethe Iymphatics have noticeably nvaded the Jung

No valves present.
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In a 3 5 months fetus valves were found in the pulmonary lymphatics,
especially at the hilum All pomnt towards the hilum No valves were
found beyond the area indicated, although at this period the lymphatics
have spread themselves throughout tl e lung and have begun to mvade
the pleura All the valves pomnt towards the hilum

In a 3 7 months fetus valves were present wm the pleura, especially m
the umpressio cardiaca In the septa beneath the pleura the valves pomnt
towards the pleura On the latera] surface the majonty of the valves point
towards the pleura but occasionally a valve was found, especially near

lobe were found

858
8 P T
333
323
d
35z
990 g,
ANTERIOR MEDIAL

Fie 78 —Diagrammatic outhine showing the location of the
various blocks used 1n the folloning series

In three hlacks 1 em Ionr by 9 mm w To talan £ am tha ! ne af o
' N 1
' 1

side, and none at the apex were found

kampmeter » study ended with the new born child In the follow-
ing tabulation there will be found the results of an enumeration
and the locatton of the valves 1n such sertes s I have 1n the lung

of a nine week old child Judging from lus Figure 3 Kampmeier
used tt e B

not prc
a direc

ngjle‘s were cut from all parts of the lung Therr posttion and
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Tarte 1
Beries Tocation -
323 Deep within the upper left lobe No pleura
328 Anterior margin, upper left lobe P
233 e - -
352
828
840 .
841
893 .
808
900 .
901 Costal and diaphragmatie sutface, lpwer lobe
Tapre 11
Sertes Number of Thiekness Thikness Number of
Number Sections 1 Micra of Black Valves
323 60 10 00 1
328 45 10 450 5
333 375 10 3750 53
352 245 10 2450 54
828 200 40 £000 477
840 200 40 8000 181
841 250 40 10008 n2
893 278 15 4170 44
898 100 10 1000 8
500 100 40 4000 32
901 50 40 2000 26
Total 1503 44420 903*
TasLe I

In the follosing tables the Jocation and the number of valvesin the vanious
seties are given
For the amount of t1ssue sectioned 1n each sertes see Table H

Cosrat. PLEURA

Upper 1 obe Lower J obe
Series Number Serles Number
Nuinher Valves Number Valyes
328 1 352 l:
333 0 828 35
828 15 840 1
840 9 900 1
B4l ke 901 20
893 29
898 3 _
5 Total 2




Numpe,
Valveg
823 28
28
819

Impremu Canlmu
Serreq
N Umpbep
841

I\umber
Valvey
15

Totay

—~
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Taste VII
In Sepruy TowaRDs CosTas PLetna
Upper Lobe Lower Lobe
Series Number Sertes N
umber
Number Valves Number Valves
328 1 3562 4
333 6 828 3
828 3 840 1
840 1 900 3
841 8 g0l 4
893 12
898 1
Total 32 Total 15
TasLg VIIT
IN SEPTUM TowARDS MEDIASTINAL PLEURA
Upper Lobe Lower Lobe
Berles Number Serles Number
Number Valves Number Valves
328 1 828 12
333 9
‘Total 10 Total 12
Tagre IX
IN SeeTUM TowARDS INCISURAL PLEURA
Upper Lobe Lower Lobe
Beries Number Series Number
Number Valves Number Valves
828 4 828
841 4 840 2
“Total 8 Total 6
TarLe X
Ix Saprus Towarps Hinox
Upper Lobe Lower Lobe
Beries Number Senes Number
Number Valves Number Valves
828 8 828 13
840 3 840 3
T Total 16



Tanry X1
F4rpg Iy

08 D), APEHMC)MT'C Prege,

Tamy Xy
268 Anopy

Pm.umunr Vary
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TarLe XV
IN LYMPRATICS ABOUT PULMONARY ARTERY
Upper Lobe Lower Lobe
Serzes Number Series Number
Number Valves Number Valves
828 2 352 1
840 6 828 12
893 2 840 3
898 2 900 3
200 1
Total 23 Total 19
TasLe XVI
In LympHATICS ABOUT Broscuus
Upper Lobe Lower Lobe
Serres Number Series Number
Number Valves Number Valves
333 1 828 34
828 27 840 14
840 12
841 1
Total 41 Total 48
TasLe XVII
I SepTUs TOWAEDS BROVCHUS
Upper Lobe Lower Lobe
Beries Number Series Number
Number Valves Number Valves
1 828 1
Total 1 Total 1 -
TasLe XVIIT
In SEPrum TowaRDs PoLmonary VEIN
Upper Lobe Lower Lobe _
8 Number Series Number
Number Valves Number Valves
328 1 828 H
828 840 1
840 _
3

Total Total
_ Tow 003 00O
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TasLe \XIV
Preorar DISTRIBUTION OF TRE VALVES 1N TE 1o0DES

Upper costal 151
Lower costal 90
Upper inc sural ke
Lower mc sursl 36
Upper medaast nal 27
Towner med astinal 30
Upper ympress o card aca 15
Lower d aphragmat ¢ 13
TaeLe XXV
Toral NuMBeR OF VAIVES 1N THE LonEs
Upper I obe 411
Lower I obe 343

If the pleurs coverng the 1mpressio cardiaca be considered s
1t 1s by some as mediastinal pleura then there must be added to
the 74 valves already enumerated as bemng present m the pleura
and adjacent septa belonging to the mediastinal pleura the 34
valves 1 the pleura (Table VI) and the 3 valves m the <epta
(Table X) clasufied as belonging to the impressto cardinea mahing
inall 111 valves in the mediastinal pleura and the septa connected
with 1t

As this volume denls exclusively with the lung the terms cos
tal  daphragmatic and medmstinal deseribe various rela
tions of the pulmonary pleura and not that limng the thoracie
cage
(I;l[edmstmul conneclive fssue—what 15 meant by the term?

Below the hilum of the lung the two layers of the pleurt “h)ih
mvest 1t approach each other and extend downward and bac!
ward as a distinet fold forming the ligamentum pulmonale Thl';
fold extends between the lung the pericardum esophagus an
sorta Between the two lavers of the pleury bands of collagenoui
fibers reticulum and elastic fibers are found It 1s this Jayer ©
connective tissue situated between the folds of the pleumha{ll
covering with a thick lzyer the adjacent Iobcsﬁof tE’c‘ lung tha
have designate

Anatomeeal
tum pulmonale

logieal structure 1s contaned 1n a few lines by W behulze
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The term  mediastinal conneetive tissue 13 not altogether satis
factory but I shall continue 1ts use until a better one 1s found

- LRREE] [

o

pre:en‘t throughout the lung and pleura and more valies are
present It 15 not however posuble to mahe a cirect comparison
on account of the difference i the m~iemals weed In only two
instances ean anything comparable to 4 comparison be made Yt
the apex of the lung and 1 the draphragmatic region

F1o "J—Transierse section through the ligamentum pul
monale from the lung of a ¢l 11d tno mont} s old Included m the
section are the esophagus and the upper and lower sight lobes of
the hung X154

\ccording to Fishberg Tendeloo states that there 1s a defectine
Iy mph ciweculation at the apex of the lung and Bartels says there 1s
4 well hnown defective development of the pulmonary lymphatic
system at the ape< of the lung These statements do not comnaide
with my own studies 15 shown 1n vanous reconstructions from the

Sertes 328 893 and 808 were cut from this region The location
of these 1s given 1 Table I and 1s mndicated m the outline sketch
(T'tg 78) The number of sections the thickness of the blocks snd
the number of valy es1s g1 enin Table IT The blocks used by hamp-
meter measured 10 mm from <ide to side and 2 mm w thickness
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Fre 80 —Reconstruction of lymphaties 1n the pleura in which the
course of the lymph flow 13 indicated by a senes of arrows placed di
rectly over the valves X33

Ftc 81 —Same reconstruction as Iigure 80 with the surface re
moved over two of the valves showing the direction in which they
pomt and thus mdreating the direction of the lymph flow X33
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Series 328 measured 6 5 mm from side to stde and was 450u thiek,
although 1t was a short sertes and less than one-fourth the thichness
of Kampmerer’s block, it contamed 4 valves i the pleura and
<epta Series 893 was cut at the same thickness and from approxi-
mately the same region m the left lung as the block used by Kamp-
meter from the nght lung, but, while his block was 2 mm thick

Fre §2—~Seon-diagrammatie tracing of the lym
phatics at the apex of the reconstruction shonn 10
Fig 75 Pulmonary vemnin zohd black 14 Lt lym
phatice 1'runslengthnise along the apex Lfextonds
neross the apex of the lung from the costal to the
mediastinal surface 1 2 and 3 indicate the vanous
posttionsin which vals es may be found Tull desenp
tion 1n the text

the thickness of the block used for Sertes 893 nas 4 17 mm and
contuned 41 vahves in the pleura and septn, while Kampmerer
Tound no valves 1n his sertes Block 898, alse cut 1t 10z was ane
mithmeter in thickness and contuned four v alves in the pleura and
septa

hampmewer found 13 vahes in & block of tissue 2 mm  thiek,
adjteent to the disphragm, 10 o vew hare child  Troam Table 11
we found that, v the nine week-old chuld, the thickness of the



12 THE LUNG

Fre 83 —Section through the lymphatics at the hilum of the
lung At the upper right of tt e photograph a section of the pul
monary vemn At the lower left corner a fragment of a bronchus
witl a small plate of cartilage Note the position of the valves in
the two lymphaties In both mnstances they pomnt towards the
tilum The smaller lymphatie which 1s situated between the pul
monary vein and the parenchyma of the lung at a ligher level
jomed the larger lymphatic which 1s situated between the pulmo
nary vein and the broncl us X100

blocks which include the diaphregmatic pleura Series 352 900
901 amounts to 845 mm the number of the sections 15 395
Series 352 was cut at 10z but Series 900 and 901 were cut at 40x
Table VI gives the total number of valves in the diaphragmatic
pleura as 19 and Table XIT the number of valves i the septs
towards the diaphragmatic pleura as 12 ths makes the total
number of valves found 1n the diaphragmatic region corresponding
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lacar ho 1 by Kamp

t0 845 mm m other sords m
the combined block of tissue four
times as thick as that used by
Tampmeier there were propor
tionately fewer valves y o

puiin g “
an exceedingly doubtful ease
The illustration gves the im
presston of a section through a
lymphatic which as 1s often the
case 13sdividmgmto twobranch
e as 1t approaches the pleura
Still a study of the senal see
t1ons muight show that after all
1t was A valve
I found several valves which
apparently pointed mward but
by following out the sersl see
tions 1t was found that the lym
phatic joined another a few see
tions further on and the lymph
flos was not mto the lung In
one Iustance & reconstruction
was made 1n order Lo make elear
the course of the Iy mphatic Fig
ure 80 15 4 photograph of the re
construetion in which the course
of the lymph flow 1s indieated
by arrows placed directly over
the valies and pomting in the
direction of the lymph flow
ra .
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Fig 81 —bection tl rougl aseptum
between twosecondary lobules Trans-
verse seehion of branches of ) e pul
monary vemn can be seen situated along
the course of the keptum At the t ght
of the section of the more deeply & tu
ated pulmonary vein a section of a
valio situsted 1n the wilely dilated
Ismplatic can bo seen It poimnts
(opens) outward thatis toward the
oleura Thisvalveis st ated 1 8 mm

eneat! the inner margin of the
lenra %40

aof 1t sharp borders be studied

1t will | ¢ found that at just such a point as hampmeier figures a
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valve, a septum extends from one surface of the lung to the other
and that a lymphatic extends along this septum, jomng the two
pleural networks of lymphaties with each other

In a lymphatic passing through a septum of this type, avalve
may oceupy one of three positions It may be close to the costal
surface and apparently pomnt mnward, 1t may be on the opposite
side near the junction of the two Iymphatics and pomt anay from
the costal surface, 1t may be n the lymphatie of the oppostte stde

Lm
F1e 82 —Section showing the presence of a valve at the point where ¢
phatic situated 1n 2 septum joins one situated within the pleura The vnl;:
ponts {opens) towards the pleura Further on at the left another valve ean
seen situated within the pleural lymphatic X100

and pomt towards the hilum, the connecting lymphate containing
no ‘ghe Whatever the position of the valve, the flow 15 througg
the lymphatic from the costal side towards the oppostte side an
on towards the hilum (Fig 82) of the
Kampmeier has shown that there 1s a gradual extensn;mm e
lymphaties mto the lung from 22 months of fetal Iife e
new-born child, and that there 15 a proportional increase “l]\ oot
number of valves It 1s not mprobable that in the nine-wee o
child new valves have developed comcident with thefxr;]crtl?ung
functional actrv ity of the lung, for example, at the apex o the
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and that expansion of the lung may account for the @ Zsrames ¢ »
example, in the diaphragmatie pleura.

Direction of the Lymph Flow. The direction of the fye-® or0e
1s a matter of very real mmportance to the pb}e-m!r,i -:-,, s
chmcian and to the worker in expenmental mediers, 1 % pee
posable at the present time to describe the lymph erentarev :
the lung as defimitely as the blood circulation
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Fra §6—A valie stuated at the entrance of & lymphatieyy,
one in the pleurs ‘The valve opens (points) tonards the pleus, 1y.7/% 10ty
X100 IDan s,

In the early stages of the desclopment of th
. Tnthe ety staes of the doyclopment of e WPt g,
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a

Ti6 87 —From a section taken parallel to and including the pleura of the
lung of a dog Thickness of section 100 micra The lymph vessels are fully dhs
tended LV lymph vessel PA pulmonary artery s tuated beneat! the
pleura A radicle can be seen arising from the artery and g ving ongm to
the network of vessels about the lymphatics X 50
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true function of valves however, as expounded by Harvey, re
mans unshaken There 18 no ebb and flow of the lymph as stated
by Tendeloo any more than there 11 an ¢bb and flow of the blood

Which way do the valvesin
the lymphaties of the lung
point, or open what purpose
do they serse and how do
they ndicate the course of
{ymph flow withun the lung?

Apparently the flow in the
bronelmal and artenal lym
phatiesis tow ards the interior
of the lung for there s a con
stant drainage of lymph from
therr combined network by
the lymphatics which anse
from 1t and pass along the
venous radicles which anse at
the pont where the broneh
divide and from the distal
end of the ductuli alreolares
Beyond the ductuli alveolares
no [ymphatics are found In
other words nolymphatics are
present an the walls of the atra
or sacenls alveolares

The lymphatics which ac
company the pulmonary vein
and 1ts branches except n
the narrow zone desenbed be
low, dramn within the lung
towards the hilum and are
provided with valves which
pomt (open) mward toward
the llum showing that the
lymph flow 15 from within and
central ward (Fig 83)

Along a narrow zone stu
ated just beneath the pleura
which averages between two
and three milimeters 1n

Fsa 83 —A lymphatic and its accom
v

Bamph rassel X350

depth the lymphatics situated in the septn ansing from the pleura
and marking out the secondwy lobules are provided with valves
which point (open) outward that1s toward the pleura (Pig 54)
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The only communication between the superfictal (pleural)
Iymphaties and the deep (pulmonary) lymphatics takes place at
this pomnt but the presence in the pulmonary ly mphaties of valves
which pont towards the pleurn precludes the flow 1n the pleural
Iy mphaties from entering the lung (Igs 85 86)

The lymphatics form a very abundant network within the
pleura they are provided with valves which open 1n all directions
This allows free circulation of the lymph within the himts of the
pleura The direction of the flow at the sharp borders of the lung
has already been deseribed

The pleural lymphaties eventually unite to form main trunks
which together with the lymphatics coming from the interor of
the lung along the pulmonary vemns enter the trachcobronehial
lymph nodes

Attention has already been called to the distinction between
lungs with a thun pleura and those with a thick pleura, also to the
difference 1 the blood supply to the pleura In the dog which has
a thin pleura 1t 1s the pulmonary artery that supplies the pleura
while 1n man with a thick pleura 1t 15 the hronchwal arlery that
supplies the pleura

The presence of a network of blood veseels about the pleural
lymphatics has been overlooked by nearly all the investigators
Sappey and Dogtel seem to be the only modern 1nyestigators who
have previously recogmzed that the pleural lymphatics are sur
rounded by a network of blood vessels

In the dog this network 1s dernved from the pulmonary artery
(Tig 87) while 1n man 1t 1s denved from the bronehial artery
(T'g 88)



Crarrer VII
PULMONARY LYMPHOID TISSUE

The distribution of lymphoid tissue 3 ithin the lung the situa
tions 1n v hich 1t 15 to be sought and the relation which 1t bears to
the air pis ages the blood vessels the Iyrmph vessels and the

pleura }ave been passed over lightly m general descriptions of the
hvsiology of the lung

processes may be conveyed An example of such conveyance 15
<hown 1n Figure 89 This 1s a reconstruction from a case of tuber
T * jlar pleura

which car
erclo which
was the source of the infection was situated 1n front of the angle
for !
of
of

tuberculous and mnk the other lymphatics which enter the node
formed a wide open bypath through the node The toxias con
tamed 1n this by path and the associated sinuces oceasioned an in
tense hyperplasia of the lymphoid tissue 1n the remainder of the
node (yellow) The yellow lymphatic at the left of the node prob
ably connected with those on the right a¢ some pont above the
It of the series of sections The efferent lymphatie which leave
the node on the left 1s orange

The presence of lymphord tissue and even of lymph nodes 1n the
lung was recognized by many of the earlier investigators notably
by Burdon Sanderson Ruge Ilen Schottelius and Tranken

.

sought and 1t has a fanly constant relation to the various strue
tures which go to make up the framenorh of the lung For convem
ence of description ymphor 1 t1 sue may be con rdered

1 Ints relation to the broncht

2 Inatsrelation ta the blood an 11ymph vessels

3 In it relation to the pleura

19
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Lymphoid Ttssue 1n its Relation to the Bronchi According to
Burdon Sanderson, in the guinea prg,

mncena af a baman At ~f U R B 1 PR R

as the blood vessels are scparated from the air cells, while those which

Fa g
(>
»

.

At S

F1c 89 —A small lymph node mtuated n the interlobular pleura withits
afferent and efferent Iy mphatics See text for full description One-fifth the size
of the reconstruction

lie near bronchi of sufficient size to be possessed of cartilages, are found
to he 1n a corresponding position outside of the fibrous layer m which
the cartilages are embedded In every mstance I have found the adenord
masses occupyng a position between the air tube and the nearest artery

Frankenhauser made 2 careful study of the traches and bronchi
n a number of ammals and found 1 the bronchi of them all
mecluding man masses of lymphord cells, sometimes nternal
sometimes external to the cartilages Lymph nodes were found 1
the adventitia of the bronchi usually at the place where branches
were given off

Arnold deseribes subpleural, penvaseular and penbronchial
masses of lymphoid tissue In the walls of the broneht of young
children he fuled to find in the normal lung any masses of lym
phoid tissue they were always situated in the peribronchinl connec{;
trve tissue In the walls of the bronchi of the adult he also faile
to find any distinet masses of lymphoid tissue

Kolliker found m the walls of the broncl
lymphord tissue which closely resembled Iy mph folh

i of man masses of
cles Similar



PULMONARY LYMPHOID TISSUE 121

mas<es were also found 1n cartilamnous broncht 2 to 3 mm and
lessin drameter, and were 1n all cases situated between the carfilage
and the tunica musenlans In non-eartilagmous broneh Koliker
failed to find any collection of lymphoid cells On the other hand,
Stohr and Kolliker, working on the lungs of the dog and rabhit,
found small masses of lymphoid tissue 1n bronch1 01 to 03 mm
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Fra 50 ~Dustribution of the tracheo bronchial
lyraph nodes according to Sukenmikow

m diameter which n <ome cases extended mto the mucosa In
the human lung Kolliker faled to find any 1y mphoid tissue 1n the
mucosa Both Verson and Dolhon<hy have, howerer, deseribed
numerous small cells 1n the mucosa situated just beneath the em-
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found, 1n normal lungs, scattered groups of lymphoid cells which
were situated evternal to the tunica musculans
Oppel has found 1ymphoid tissue in the broncht of representa-
tives of the vertebrate phylum from monotremes to man
Sukiennihow has described and figured the lymph nodes situated
along the larger bronchi of the human lung He found them quite

1ol

Tre 91 —T) sectton of 2 P
from the lung of the cat B bronchiolus respiratonus, A ard
tery L, lymphod tissue situsted between the artery an

bronchiolus X200

constant at the place where branches were given off His study

did not extend as far as the non-cartilaginous broncht (Fxgﬂ?ﬂi“

In my own mnvestigations I have used the lungs of man},l l?; rge;
dog, rabbit, gumea pig and rat I have found along tbc i
broncht not only scattered masses of lymphord tlisuemll:ced it
lymph follicles and nodes These latter were generally =
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ihe place where branches were piven off They dud not the rat
excepted, extend beyond the tunicn muscularis
In bronchi which have eartilages n therr walls the Iymphowd

tissue may be situated
between the cartilage
and the tunica muscu
lans or outside of the
cartilage 1 the pen
broneal connective tis
sue, or m the space be
tween two adjacent car-
tilages the position
seems to depend on the
quantity of lymphad
tissue present

Klem found, n small
bronehn which are devoid
of eartilage lymph fot
hicles extending not,
only clo<e up to the mus
cular ¢coat but also pro-
truding through this 1at
ter mto the proper mu
cosa 1¢ 1nto the layer
between the epithehum
and the museulans '

My own results do not
support this statement
of Rlewr T have failed to
find wn normal [ungs
along the bronchioft
respiratorit and duetult
Alveolares  (non-earty
laginous bronelu) of man
and of all the mmals
myestigated distinet,
lymph follicles but have
found 1n each instance

Tic 92 —Schematic longitudinal scetion of
& primary [obufe of the lung showing the vela
tion of t} e blood vessels to the ayr spaces and
to tle pleura the position of lymphoid tissue
and 1ts relation to the a1t spaces bloo1ve <els
lymphatica and pleura Art pulmonary artery
v pulonary ten | lymptsties The po s
i e joid

alveolares dal only one of wlich is earned
outta detail saa three atria each of which
communicates with saceult abieolires sal
around the periptery of wiich are situated
the slveoh pulmonum ap p pleura pul
monshs

small masses of lymphotd t1 <ue which were «ituated outaide the
tuniea nmuseulans between 1t and the accompanying branch of the
pulmonaty artery Tigure 91 shows a <etfron through a bronchiolus
respiratonus and exlibits the charactent tic appearance of lym
phoid tissue in thas stuation under napmal conditions
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Lymphord Tissue in 1its Relation to the Blood and Lymph Ves
sels For a complete understanding of the relation of lymphad
tissue to the pulmonary artery and vein, 1t will be necessary to
outline for a second time the distribution of both the blood and
lymph vessels, beeause lymphord tissue 15 1ntimately assoeiafed
with the lymph vessels, and the lymph vessels accompany the
blood vessels .

F1o 93 -—Combimation of three scctions taken through tie cAez;:ers:rf”n
primary lobule of the lung of a dog D 4, ducculug’nlvco)ir‘xi,‘A“ 2 e
aufmonaty

nary yeins

alveolans

a1
central positlon 1n Wi prllaly wou v v v
has 1ts system of lymph vessels which are 1n
place where the bronchus divides and at the
ductulus alveolars

The branches of the pulmonary ven, on the utl}er }ymdm a;g
situated on the penphery of the primary lobule In Iiga

vcomx;umcumn at the
distal end of the
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only one vein 1s shown, but there are always several of these veins
arranged about the primary lobule as 13 shown n 4 transverse
section of the lobule (Fig 93)

There 13 an important exception to the peripheral situation of
the pulmonary vem, this 1s mdicated m Figures 92 and 93 The<e

- 1

116 91 —Trans\erse section through a ductul 1s alicolans from the
lung of a cat The small mass of lymphoil trs ue 13 secn lying between
the artery an1the air spaces The larger mr space just above the artery
13ayortion of an atrmm X °00

venous radicles tahe their origin from the di talend of the ductulus
alveolarss and consequently come to lie within the primary lobule
1here are two of these veins one on erther side (F1g 93), and they
carry off the last remnant of the blood which 1s brought to the
bronchus by the bLronehial arfery All along the cour<e of the
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bronehy, wherever a branch 1s given off, venous radicles take their
origin These radicles join one of the pulmonary vems (Fig 92)
Like those within the primary lobule they serve to carry blood
from the bronchitl to the pulmonary circulation

The pulmonary veins, ke the pulmonary artery, hae 4 gystem
of lymph vessels They are m communication with the bronchial
system at the place where the bronchus divides and at the distal
end of the ductulus tlveo
lans where the bronchal

v
‘ h .
\iQ._ system of lymph iessels
?‘u . PR ternunates (Fig 92}
4 e gt a s . -,  Whenlymphod tissuess
+ v;é‘w?ge;? ST 1 present glong the course of
[V \:o 23 !}"gﬂw& = the pulmonary artery it 13
T G oL sttuated betw een the artery
W V06 025 4 and the adjoining air spaces
|\{’ [5A rather than between the
9“; v ',Z‘". artery and bronchus 1313
e \'? f,’ the case with bronchnl
LRS- S ) Iymphoid  tissue  The
;ﬁ\“‘ vn lvmphoird tissue may ex
3 NI tend for some distance
j, °€ along the artery, but the
! 1 sheath ke  arrangement
Vs deseribed by some authors

‘ 15 not to be consmdered a

Fra 92 —Section from the lung of 5 eat normal arringement Fig
showing the junction of one of the small ure 94 15 from a section
vewns tahmgts origin from the distalend of  tahen through a4 ductulus
a ductulusbal\ eoIansf(F}:g 931) with one of alyeolaris and  shows
the main branches of the pulmonary vein g be
z;zuag:go%n the periphery of a prnimary lob- 2;’:;1}102,?0 t;iiggy }:mg the

adjoning air spaces which
m this mstanee are portions of atria Only exceptionsty hme’
seen Iymph follicles along the course of the arteral Iy mph vessels
In the normal human lung I kave failed to find them .

The presence of Iy mphoid tissue along the course of the pulmxt);
nary artery has been noted by nearly all whe hme stud)e&l o
distribution m the lung, but the presence of 1y mphord h<su;> 3l on)z;'
the course of the pulmonars yems was not recognized until muc
later
If one of the small vemns which takes its onngin from the dls:::l
end of a ductulus alveolans (g 93) be followed until 1t )omsluh
of the small trunhs of the pulmonary vemn situated at the perip
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T'16 96 —bection from the lung of & rabbit showing the junction of & vein
coming from a bronchus where it divides (<ee Isg 92) with a main branch of
the pulmonary vein In this section there are toao small masses of ly mphoid
tissue one in the angle formed by the emaller vein wath one of the man
Lranches of the pulmonary vewn and lying close to o Lymph vessel the other
situated on the oppoate side of the vein belongs to a second and larger vein
whieh joiny the main branch obhquely X163

ery of the pnimary lobule there will usually be found at the place
of junetion a small mass of Iymphotd tissue as 1s shown 1n Figure
95 These masses of lymphoid tissue are situated 1n the adventiia
and are associaied with the lymph vessels which accompany the
1e1ns

Not only do veins anse from the most distal end of a bronchus
but they al-o arse from the place where branches are given off
(Ig 93} If we follow one of these branches it will be found that,
where 1t joins one of the mun trunks of the pulmonary vein,
1ymphord tiesue 1s preent mn greater or less quantity
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In Figure 96, which 1s tahen from
the [ung of the rabhat,
;;hew ‘vens 1s shown entering o large venous trunk The am’oﬁrnli :;
ymphowd tissue 15 small and 1n pormal lungs may shightly excecd
the quantity present in this section As soon as any pathological
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F1e¢ 97 —Section of the human lung shoning a branch similar to that
i Tigure 06 joining one of the main branches of the pulmonary vein
which, 1n this instance 1s situated 1n a connective tissue septum be-
tween two secondary lobules There 1s 2 moderate amount of pigment
present X100

process oceurs, these small masses frequently become greatly

augmented 1n size

T have faled to find lymphord tissue present where small venous
radicles coming from the walls of the saceul alveolnres joir other
vens of similar s1ze and origin

In the human lung the svme relation between lymphoid tissue
and vein exists Digure 97 1s tahen from a sectton which shons the
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. PR . £t

LR,

overloaked. X .
It only individual sections be studied, nat infrequently there
will be found smali macses of Iy mphoid tissue, apparently unasso-

Fra 93 —Section of the pleura at a clutd tous days old Ko pig-
ment §s peesent A small mass of lymphord tiesus is eeen Iying close
to the Iymph vessel, L In the pleura can be scen a seetion of o radicle
of the pulmonary ven, V, and in the center of the section » small
branch of the bronchiat artery cut [ongitudinally X300

einted with blood or Iymph veseels, situated m the parenchyma
of the lung some distanee from any bronchus These 1colated
masses, if they could be followed through a senes of sections,
would, 1n nearly every instanee, be found to belong to one of the
mases of lymphoid tissue ascociated with the veins; in a few in-
stances [ have found such masses to belong to a bronchus situated
immediately above or below the plane of the individual section
beng studied

Lymphoid Tissue in its Relation to the Pleura. The pre-ence of
Iymphold ti=<ue in the normi pleurn was established by Arnold
and <ince then has been deseribed by Laders, Heller and other
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mivestigators The amount of lymphord tissue 1n the pl
eura

considerable, but I have failed to find 1n the normal ]?Icum éi
m::jn or of any animal which I have examined, Jy mph follicles or
nodes

By referning to Iigure 92 we sce at 1, 2 pulmonary ven trhing
its orgin from the pleura As 1s shown 1n Figure 93, there are
several of these veins about the periphery of each primary lobule
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T'16 99 —Section of the pleurs of a child seven years old 1 bronel:al
artery V pulmonary vein L lymph vessel In the center of the scetion and
Just to the left of the lymph vessel a mass of lymphoid tissue 1s seen a second
and smaller mass can be seen just beneath the lymph vessel A small amount

of prgment 1s present X300

At the place where the pleural radicles unite to form a pulmonary
vemn we usually find a small maes of Jymphoid tissue

In the human lung there are connective tissue septr which
separate the sccondary lobules from each other In these scpte
blood and 1y mph +essels are associated with each other and where
they join the pleural vessels there 1s alnays found a mass of
Iymphoid tissue

The situation of the lymph foliicles and nodes desenbed by
Luders corresponds to the situation in which I find Iy mphord tissue
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have deseloped from the normal masses of lymphad tssue This
development may arse from the presence of irntating substances
as for example, particles of carbon In this ease we find more or
Jess prgmentation of the masses of lymphoid tiswue and deposition
of pigment ~long the course of the lymph essels throughout the

T1a 10N —Sant an talo.
sears old
of the br
vegaels 1
seen “cattered about in the section are numerous phagocvtes X250

tung In other cases we may have an hyperplasia of the already
emisting lymphoid tissue 4s for example i leucetua In thece
cases absence of pigment 1s the rule

In Tigure 98 we have a <ection taken through the pleurs of o
chuld four days old \o pigment 1s pre-ent and this may be taken
as representing the amount of lymphowd tissue usually found
any one aituation in the normal pleurn of man before the deposy
tion of any ntating substance
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mvestigators The amount of lymphoid tissue n the pleurs 1s
considerable but I have fuled to find i the normal pleurn of
man or of w3 ammal which I have exammned, Iy mph folleles or
nodes

By referring to Tigure 92 we see at 1 2 pulmonary vemn taking
its origin from the pleura As 1s shown m Tigure 93, there are
several of these veins about the periphersy of each primary lobule

Tic 99 —Section of the pleura of a child seven years old \ bronchial
artery V  pulmonary vemn L lymph vessel In the center of the section and
Just to the left of the Iy mph vessel a mass of ]ym} hoid tissue s seen a second
and smaller mass can be seen just beneath the lymph vessel A small amount
of prgment 1s present X300

At the place where the pleural radicles unite to form a pulmonary
vein we usually find a small mass of lymphoid tissue

In the human lung therc are conncetne tissue septa which
sgparate the secondary lobules from each other In thesc septa
blood and Iy mph v essels are associated with each other, and where
they jomn the pleural veseels there 15 always found a mass of

1y mphord tissue
} The situation of the Iymph follicles nnd' got}e‘s desicrll’)e‘d hby

pleura es normal structures, they must be pathological and must
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have developed from the normal masses of Iymphoid tissue This
development may anse from the presence of irntating substances
as for example particles of carbon In this case we find more or
less pigmentation of the misses of 1y mphoid tissue and deposition
of pigment along the course of the lymph vessels throughout the

11a 100 —Section taken perpendicalar to tl e pleura of a man thirty-cight
sears old A lrge smount of pigment 15 prescnt [n the pleura we see sections
of tle bronetual artery A A of a radicle of the pulmonaty ven ¥ of fymph
tessels L L Just below the lymph veseels a mass of }ymophoid tissue can be
seen Seattered about 1 the veetron are numerous phagocytes X200

lung In other cases we may bate an hyperplasia of the already
existing lymphord tissue as for example n lencemua In thewe
cases absence of mgment 1s the rule

In Tigure 98 we have a <ection taken through the pleura of 2
child four days old Do pigment 1< present and tlus may be taken
as representing the amount of lymphoid tissue usually found in
any one <ituation 1n the normal pleura of man before the depost
tion of any irnitating substance
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mestigators The amount of lymphoid tissue 1 the pleura 1s
considerable but I have faled to find 1in the normal pleurn of
ma:ln or of any ammal which I have examined, lymph follicles or
nodes

By refernng to Figure 92 we see at 1, a pulmonary vemn taking
1ts ongin from the pleura As 15 shown in Figure 93, there are
several of these veins about the periphery of each primary lobule
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Fre G0 —~ertion of the vleura of a child seven years old A brenchial

ural radicles unite to form & pulmonary
i mass of Iy mphoid tissue

re are connectize tissue s
es from cach other In i
<ociated with each other,
there 1s always found a

At the place where the ple
vemn we usually find a smal

In the human lung the:
<eparate the secondary lobul
blood and Iymph yessels are a=
they join the pleural vescels

l"'l"‘?hmd‘m?lﬁ f +ha Tymnh jollicles and nodes desertbed by

epta which
hese septs
and where
mass of

pleurs, as normal structures they WU o v pe
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Pulmonary Lymphoid Tissue in Old Age Lymphod tissue i
the lung increases from childhood to old age, this increase 18 largely
due to the irntation ansing from the constant mhalation of 1rritat-
ing substances

Obtaning material has been more difficult than antieipated, not
only because the autopsy material available was hmted, but also
becnuse there are many chronie affections of the lungs that ocea
ston the rejection of the material due tt: an nereased production

B - VA 1 4 e w218 feme

bronchitis present n both lungs associated 1n ope of them, with
a chrome inflammation of the pleura

No attempt has been made to discuss preumonokonioss i
mdividuals who have worked 1n dust laden atmospheres Every
lung studied has been earefully selected

1 have aceepted Sukienmkown’s deseription of the tracheobron
chial and bronchopulmonary lymph nodes Turther study has
shown that ns description of their character and situation agrees
m general, with the results which I have obtained from the lungs
of adults and of old age However, in those lungs which showned the
greatest amount of prgmentation the lymph nades at the mlum
and the bronchopulmonary nodes were inereased in size, and were
highly pigmented, while i those lungs which were comparatively
free {from pigment these nodes were not greatly wncreased n size
and showed but sight mgmentation

While Sukiennikow called attention to the greater number of
Iymph nodes associated ~ath the right lung he did not eall atten-
tion to the fact that there 1s o greater number of lymph nodes
associated with the eparterial bronchus than with the bronchus
which supphes the muddle lobe or with that which supplies the
lower lobe of the night lung

In the lungs of individuals thirty years old or younger who have
died from diseases other than pulmonary, I have rarely found a
true 1y mph node beyond the point where the second yventral branch
13 given off from the mun stem bronchus Beyond this pont 1
have ocerwonally found a single lymph folicle (germ center) 1n
the angle betneen the maimn stem bronehus and the thied entral
branch but usually only }y mphoid tissue 1 greater or Jess quantity
w8 present In lungs from ndividuals sixty or more years old, there
13 o small Iy inph node 1n the angle formed by the mam stem bron
chus and the third ventral bronchus and the lymphord tissue
assocrated with the finer divisions of the bronchial tree 13 always
wereased 1n quantity, i ese there 15 much pigment (carbon)
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Figure 99 shows a section taken through the pleura of 2 child
seven years old here we see that the amount of Iymphord tissye
has matertally mcreased due no doubt to the pre<ence of the
small quantity of pigment

Contrast these scctions with Figute 100 which s inhen through
the pleara of & man thirty cight years old In this section we sce
a considerable quantity of which 15 Hly abundant
about the lymph vewel Scattered aggregations of pigment are
present i the lymphowd tissue whieh 15 more abundant than n
Tigure 89 Phagocytes Iaden with partacles of carbon are to be scen
in various parts of the section their destination bemg the Iy mphard
tissue Sections taken through other portions of the pleurn show
larger collections of pigment and consequently larger masses of
lymphowd tassue The merensed amount of lymphoid txss:xe 18 un
do

the
have already referred to this when desceribing the lymphoid tissue
associated with vewns

The v estigations of Shingu show that i children under twenty
three days old no pigmentation of the lung 15 present from that

quantity of pigment than those of persons hving in an atmosphere
comparatively {ree from cirbon and my own mvestigations shon
. corresponding merense n Yymphoid tissue Tn fact T am foreed
to believe that in the lungs contrary to what oceurs w the ab
mentary tract the quantity of lymphoil tissue increases from
childhood to old age and that this inerese 15 largely due to the
wnitation ansing from the constant mhaling of wenitating substances
"The mode by which particles of carbon are yemaved from th? arr
spaces and deposited n these masses of lymphod tissue n\mlla an§
the course of the Iymph vessels 1s of mterest When pnr;&xc etsh o‘
earbon are nhaled 1t 15 as 4 rule only the finer p«mcl ] v n‘:e
penetrate s far as the alveok pulmonum Here the p'xrz:hc es lcteoix
in contact with the epithelium covenng the walls ot’I hs‘z peoh
and may frequently be seen Iying free on their surface e
unable to convinee my<elf that the normal pulmc;mr) (;Pe)q chom
beeomes phagoeytic on the other hanl many p ngoc?‘ hcolus
or less Ia len with partiele of earbon are Pre“?"“rm c“fe of many
and the question anses what is their ongn? ': Iimn ansnored
contributions on ths subject the question has not bee

m 2 satisfactory manmner
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Pulmonary Lymphoid Tissue in OId Age Lymphord tissue in
the Jung mereases from childhood to old age, this merease 1s largely
due to the wntation anwing from the constant whalation of 1rrtat-
g substances

Obtaining matenal has been more difficult than antseipated, not
only because the nutopsy matenal atmlable was huted, but alwo
beeause there are many chrome affections of the lungs that ocen
s10n the rejection of the maternial, due to an increased production
of lymphocytes Tor example the lungs from an mdividual mnety
years old appeared, grossly, to be an excellent specimen from ex-
treme old age Sections however, showed that there nas a chronie
bronchitis present m both lungs, associated, n one of them, with
a chrome inflammation of the pleura

No attempt has been made to diseuss pneumonohontosis 1
ndividuals who have worked in dust-laden atmospheres Every
lung studied has been carefully selected

1 have accepted Sukiennihow's deseription of the tracheobron
chial and bronchopulmonary lymph nodes Further study has
shown that Ins deseription of their character and situation agrees,
m general, with the results which I have obtamed from the fungs
of adulfs and of old age However, in those lungs which showed the
greatest amount of pigmentation, the Iymph nodes at the lum
and the bronchopulmonary nodes were increased 1n mze, and were
ighly pigmented, while in those lungs which were comparatively
free from pigment these nodes were not greatly necreased 1n size
and showed but shght pigmentation

While Sukienmkow called sttention to the greater number of
lymph nodes associated ~ith the nght lung he did not cail atten
tion to the fact that there 15 a greater number of lymph nodes
as<oc1ated with the eparterial bronchus than with the bronchus
which supphies the middle lobe or with that which supplies the
Jower lobe of the nght lung

In the lungs of indiniduals tharty years old or y ounger who have
died from diceases other than pulmonary, I have rarcly found a
true Iy mph node bey ond the point where the second ventral branch
15 given off from the muin stem bronchus Beyond this pont T
have occasionally found a single lymph folliele (germ center) n
the angle between the man stem bronehus and the third ventral
branch, but usually only 1y mphod tissue in greater or less quantity
15 present In lungs from indivsduals <ixty or more years old, there
18 o smll 1y mph node 1a the angle formed by the mam-stem bron-
chus and the thind ventral bronchus and the lymphod ticsue
nssoersted with the finer divistons of the bronehial tree 1s always
inereased 1 quantity, 1n ease there 15 much pigment (carbon)
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present, 1t may be so abundant a3 to obseure the amount of lym.
phoid tissue
An inerease in lymphoid tissue along the finer diviions of the
branchial tree, in ndividuals over sty years old, 1s especaally
marhed at the point where bronehioh dieide nto broncholy res-
puraton, and st the distal end of the ducfuly alicolares In the
Iatter situation fymphaid tissue 15 often recogmzed with difficulty
mn the lungs of mdividuals under thirty years of age, in old age,
however, 1t 3¢ much more pronounced and the presence of pigment
mahes 1t stall more distinet
Besides these distinet masses of lymphoad tissue there 1s present,
in old age 1n the walls of the broneh and the Iarger bronehioly,
situated between the epithelium and the smooth muscle, n dehente
layer of diffused Iy mphard tissue
1t s often difficult to determune whether a given mass of ym
pha:d tissue belongs to the branchus or to the accampanying pul
monary artery Because of this difficulty, an arbitrary classifiea-
tion was made, by which masses of Iymphoid tissue lying between
the artery and bronchus were considered as belonging to the bron-
chus, while those masses situated between the artery and the ad-
jomntng air spaces were considered as belonmng to the artery
In the lungs of mdividuals of sixty or more jears, this dis
tinctron does not always hold true, for nt Limes the arfery 13 com-
pletely surrounded by Jymphod tissue which fuses with that be-
longing to the bronchus, thus forming a common mass In the
tungs of mdividuals under thirty jears of age it 13 rare to find 2
sheath like arrangement of lymphoid tissue extending slong the
pulmonary artery, i the lungs of old people 1t 1s not uncommon
I have neier seen within the normal lung, at any age, & {ymph
node or » lymph follicle assoriated with the pul y artery
In old age, when much mgment 15 present, a thin layer of dif~
fused lymphowd cells may be present along the outer wall of the
finer drvisions of the pulmonary artery Unless especuaily fooked
for, the lymphoid cells may be obscured by the pigment
To all those situations n which lymphod tissue 1s found 155001&
ted wmith the pulmonary vems 1t 1s ncreased m guantily m ?d
age ‘This 1s espeesally true of those masses which are assoctt (exs
with veins which arse from the bronchial tre nd jorn the vcn:h
trunks situated m the connestive fisue septt which marh out the
obules
Selig:gsg trhese masses of lymphoid tissue w ich are Egrectl) aS:tr:
oisted with the vems, small colleetions of Iymphor Iuﬁsesmp
scattered thronghout the septn which have no du‘ec(ii relal =e: e
to radicles of the pulmonary vem These iolated mas
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usually found where alveclh that are 1n the direct line of the air
wurrent abut against the septa

For the first three weehs of hfe the pleura does not show any
pigmentation, and the amount of lymphoid tissue 15 small, but
after that time the pleura shows an increased amount of mgment,
and per conzequens, an imcrease 1n the amount of Iymphoid tissue

In the pleura of individuals who have hied until old ape 1n an
atmosphere 1 whieh carbon or other particles of dust are sus-
pended, the lymphoid tissue of the pleura is much increased in
those situations 1n which 3t 13 normally present

In a preceding paragraph small masses of Iymphowd tissue were
deseribed 1n the septn between the sccondary lobules independent
of any relationship to the pulmonary vein Such masses are much
more frequent 1n the pleura Here they are often seen wituated
between o small pleural lymph ves<el and the rounded tip of an
alseolus loeated just beneath the pleura These small masses of
lymphotd tissue usually contamn o conuderable quantity of pig-
ment {carbon) It 1s not uncommon to find phagoey tes laden with
particles of carbon which they have piched up within the alveolus
Iy1ing close to or just penetrating the wall of an alveolus on their
way to depoait their load 1n the lymphoid tissue

In other mstances these small masses of lymphod tissue were
assoctated with o radicle of & pulmonary vemn which was mtuated
on the peniphery of a primary lobule and had its ongin from the
capillary network in the walls of the sacculi alveolares just beneath
the pleura

In many points the results of this study of 1ymphoid tissue
the human lung 1n old age comneide with the results obtained by
Gardner in Ins study of tal , and by
H 8§ Willis 1in lis study of spontancous pneumonohomosis
gunes pigs

The Vascular Supply of the Lymphoid Tissue in the Rabbit's
Lung bince the time of Reissersen the statement that the ymph
nodules and the 1y mphoid tissue found along the bronch: receive
their blood supply from the bronchial artery has been generally
aceepted In the rabbit, however, 1 have found that theee masces
of lymphord tissue do not recetve thewr blood supply from the
bronehial artery but from the pulmonary artery

This bas an unportant beong, on ecperwmental otk wheh
mvolies the lung of the rablat for any microvrgamsm that 1s
mtroduced mto the senous ewrculition of the rabbit 15 conveyed
from the right sde of the heart directly to thewe masses of lym
phod tisaue by the pulmonary irtery  \s the mas es of lymphoid
tissue wineh are associated with the plare where the bronelu divide
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Fie 101
See page 137 for description
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are especially Liable to become affected, the present commumecas
tion will be confined to a deseription of the yanous ty pes of arterial
istributron to these masses

In Tigure 101,1, a short and somewhat stout branch 13 given off
from the man trunk of the pulmonary artery snd pas<es, without
branching, dircetly to the lymphoid tissue, within which 1t breaks
up into small artenioles that eventually end 1 & copillary network
that 13 distnbuted throughout the lyraphoid tissue The further
relation of this capuflary network will be shown 1n connection with
Tigure 101,3, and Yigure 101,4

In Figure 101,2, two small arteries are distnbuted to the mass of
fymphotd tissuc These do not anse directly from the man arterial
trunk but from 2 branch of the pulmonary arter) which supphes
the more dependent saceuh alveolares of 5 primary lobule

In Figure 101,3, & number of small arterioles are given off from
the man trunk of the pulmonary artery and these almost immed:
ately break up inte o capilary network withis the lymphowd tissue
The capillary network thus formed within the lymphod tissue
unites with the eapilary network within the walls of the adjoining
alvcoh to form venous radieles, which m turn umte to form small
branches of the pulmonary vemn

Tigure 101,4, llustrates an entirely different type of the ongin
of the artery which 1 distnbuted to the lymphowd tissue Here 1t
15 pot a branch which s given off directly from, or m close proum-
ity to, a man trunk of the pulmonary artery, but 1t 1s a termnal

- o o~ ‘a .- . -

£ \lmanary Artory aval Than tmnaer S . om
micra thick %40

1§ 2—Camera lucida tracing of a section of a bronehsofus (B) 045 mm 1
dismeter just before sts diision showing the distribution of the artery to the
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twig of a branch of the pulmonary artery which, after supplymg
A prmary lobule, penetrates its periphery and passes to the lym-
phoid tissue The capillaries into wlieh the arterial tw 1g breaks up
cither empty 1nto 4 branch of the pulmonary vein or they umte
with the eapiliaries m the walls of the alveoli of the tung

In o few nstances & combimnation of the types represented by
Figures 101,1, and 101,3, or of Fagures 101,2, and 101,3, has been
seen, but thus far the type shown in Figure 101,4 has been found to
exist mdependent of any bination with other types of artenal
distrtbution This may be due to the fact that thus far 1t has been
found 1n connection with lymphod tissue associated with bronehn
of relatively large cahibre More extended study may, however,
modify this statement

This study of the artenal supply of the lymphoid tissue in the
rabbit’s lung shows the importance of a better knowledge of the
vascular supply of lymphoid tissue, not only m the lung but also
m other organs of the ammals used for experimental purposes It
may well be that a more careful study of the distribution of lym-
phoid tissue 1 the various organs, and of 1t« blood supply, will lead
to a better understanding of some of the phenomena associsted
with experimental moculations

Summary Pulmonary lymphoid tissue may be peribronchial,
penarterial, pernenous or pleural

Lymphoid tissue may oceur 1n the form of lymph nodes, lymph
folheles, or small masses of lymphod tissue

Lymph nodes 1n the normal lung, are found assoctated with the
larger divisions of the bronehy, and are situated at the place where

branching takes place
' ¢~ at1n the pleura
¢ lymph nodes,
They may also
serve as centers to which the phagocytes carry their colfected

material

On account of the arrangement of the blood vessels and the
relation 1t bears to them, lymphoid tassue 1s found most sbundant

d secondary lobules
on the penphery of the pnmary an oo tisue

There 15 1n old age u definite wmcrease
independent of that which may be produced by mﬂ}:‘:mmatznr{
diceases, the amount of this mcrealse 1 ﬁe;{m?dent on the amo

f carbon or other irntating particles mhaiec
° Icn the rabbit 1t 15 the pulmonary artery, not the bronchtal
artery, that furnishes the vnsculm"supcplyt gf the 11250 r:spz;x;lutlf‘sl\;i of

Any microorgamsm ntroduced 1nto the 1e
the ;ljbbxt 15 conveyed directly to the pulmonary Iy mphoid tissue

by the pulmonsry artery




Cuarrer VI
THE NERVES

1t 15 due to the punstaking work of Professor O Larsell now of
the Univeraity of Oregon, that we have a comprehensive ideq of the
distnbution of the nerves and thewr endings, within the lung I
had made o preluminary study of their distnbution but when Pro
fessor Larsell came to the Unnver<ity of Wisconsin as my asustant
professor, I turned the problem over to ham telling hum that 1t
was his to complete Lhe following account, based largely on lus
work, will tell how well he has worked the problem Very hindly
he has granted me permussion to use <ome of hus tllustrations <how-
ing the 3 anous types of nerve endings found in the lung

The lungs recenve their nerve supply from two rources the vam
and the sympathetic nerves Each vagus nerve on reaching the
back of the root of the lung breaks up into numerous branches
which reinforced by fine branches from the second thuird, and
fourth thoracic gangha of the sympathetic system, form the
posterior pulmonary plexus and at the sxme time <end a few fibers
to the front of the root of the lung to take part 1n the formation
of the nntenior pulmonary plexus

Lach plexus gives off fibers which are distributed to the broneln
and pulmonary artery at the hilum On entering the lung these
fibers form two main plexuses which are distributed one about the
mun stem bronchus and its branches, the other about the pulmo
nary artery and its branches According to Larsell the plexus in the
cartilaginous broncht divides into two portions one, extrachon
dnal situated external, the other, subchondral internal, to the
eartilages In the 'non—c'\rhlngmous bronchi the two plexuses unite

PR o

. N v
along the extrachondrnl and the subchondnal plexus, but also
along the single network of fibers which continues them distally
(Fig 103)

1be first afferent receptors within the broneht are distrsbuted
along the epithelum lining the bronch as free nerve endings (INg
101) Inthe angle formed at the point where broneh branch and at
the base of the ductuli alyeolares endings of a less diffuse ty pe are
found (Nig 103) In the walls of the atra which are lined with
flattened respiratory epithelmum instead of cubodal or pyramidal

129
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Tia 102 _—gcheme of the dis
tribution of the nerves ©» ron-
chus, . lmonary artery,
Red, afferent fibers {rom ending
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cpithelium as 15 the case with the broneh and bronchioh 4 very
different tvpe of nerve ending 1s found The nerse fibers leading to
ths {ype of ending follow the walls of the bronehioh repiratorn
and ductuli alveolares and after repeated subdivision end in 4 mass

11a 103 -1 panghion in close ag position to a nerve Small branc es of the
111in nierve oun be geen on exther si fe of th e ganghon The blood vessel seen
Weupper pottion of the pt otograph 1s a bronel 1l artery X150

of branching fibers wlich forin « flattened end organ that 19 covered
by the epthehum bning the itnum while on the other side the
cnding rests against the framework of the atrial wall Certan of
the e endmgs appear (0 have a delieate eapule (Tig 106) whnde
athiers are smply covered by the atnal epithelum (g 107)

The bronchial mu cubiture xtends as far s the atna n the
form of 4 geodese network which 1s supphied with two types of
nerve endiags 1 arge myelinated nerves wiieh dnide into numer
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16 103 ——I\erveendmg

n cp\mehum at the di

smon of bronchus nto

proncht about 1 mm 0 1

ameter Only that part of

the endings nsible 10 008
!

Tic 108 —Nerveendmgat
11 15101 of a bron
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T16 107 —Trec nerse ending in the
wall of an atriutn ¥rom a child » months

old X546
lic 106 ~Nerveend

ing 1 the wafl of an
atnum 1rom 4 child 8
months old X356

\mubd/

Fic 108 —%mooth muscle Tie 109 —Smooth muscle spin-
nerve epindles 11 Lronelnal dies i small bronehist muscle
mikele bands nh  weme tande mubd Landy of t ronchial
bher mf  emooth musele musele m fi smooth muscle fbers,
fibers Giter mersc termias. ater mere termimtion, o f
uon wubd bands of bron- nerve fiter Trom a ehild § roonths
chisd musele Yrom a child & old %336

months all X5



144

T, 110 —Ganglion
cells showing pencellular
networh from pre-gangh-
onie fibers From child 8
months ofd %346

-3y
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ous branches lead to the first of these end-
mgs Each musele band is supphied with a
separate branch which forms on it a
smndle-shaped termination (Figs. 108,
109), they have not, however, been found
1 the bronchioh respiratorn or the ductuli
alvealares.

Small myehnated fibers, which are
probably preganghonic, end 1 a net-
work nbout clusters of ganglionic cells
(Fig. 110). From these ganglionic cells
non-myehnated fibers are given off which
are distributed to the smooth muscle
bands. where they terminate as motor
endings (Fig. 111).
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Fie 111 —Nerve ending 1 smooth muscle bands,
ntr. aerve tronh mu bd, smooth musele bands}

ep, epithehium X225 (Larsel} )



Citarrer IX
THE PLEURA

‘The pleura pulmonalis plays an mmportant part in marking out
the lungnto secondary lobules by sending prolongations, the septa,
into 1ts substance It 1s only 1n lungs which poscess a thiek pleura
(Fig 112, A) asis the case, for ex-unple 1 the lung of the pig the
ox, and man, that secondary lobules can be demonstrated In the
1t the rabbat, the eat, and the dog, common laboratory anmnals,
the lungs are covered with 4 thin pleura (Fig 112 B) con<equently,
no septa are found

The Pleura ;n Man The pleura pulmonals 1s & reffetion of the

A B

,I”{’:e% :, ;j/;\r%
o A Pgals i

F1o 112 —Ilustrates the difference Letneen a thiek pleura (A) and
a tha pleura (B) A 13 from the lung of an adult man B 13 from the
lung of s rabbit Both are x200

serous membrane which covers the viseers contuned withm the
thoraeic eavaty It 1s usually described as a serous membrane coy-
eredd with a lnyer of mesatheltum whieh rests on a subserous layer
of connectire tiseue that 1s composed of collagenous fibers and a
few clastic fibers Within this sub-erous layer the blood vessels,
iymph ves<els and nerses are to be found

Mesothebum The me<othehal layer as tts name tmphes cone
ststs of mesothelial cell< Since the time of Oedmansson and v
Rechlinghausen certam appearanees charctenized as preformed
openigs found between the cells fining the <o-ealled «erous cavi-
e~ have been designated as stigmata and stomata s one re-
views the Iiterature of the subject st 13 scen that, whilc 2t first the
opnton of v Rechlinghau~en influenced the earkier s estigators
to dceept these appearanees as normal structures, Jater studics with

Hi



146

1mproved methods have led man
mal structures but artiftets Th,

—

F16 113 —Mesothelum from the
pleura parietahs (intercostals) which
bas been stretched 1n the direction in
dieated by the arron Note the elon
gated shape of the cells X210

Fi1G 115 —Mesothehum from the
pleura parietalis (intercostalis) which
" -

AL A0U OPEnIGs DELW een the cells
X210

THE LUNG

y to declare that they are not nor
e wthor demed their presence m

Tic 114 —VMesothelum from the
pleura parsetelts (intercostahs) which
has been strongly stretched 1n the di
rectionsindicated by thearrons Note
the ‘ stigmata and the spaces caused
by the separation of the cells X210

Fic 116—Mesothelum from the
pleura pulmonahs Note the total
absence of stomata stigmata and
openinps between the cells The
specimen was fived n sty The
center of the rosctte of cells scen
near the middle of the illustration
15 the place where stomata are said
to be always present X210

the pleura pulmonalis 1n 1896 wnd his obcervation has been con
firmed by later investigators, v Dbner saying “Ich habe ebenfalls
vergeblich nach solchen gesucht ’ The methods of preparation made
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b
IR
TG, 117 —Normal pleura pulmonalis from the human lung. Selectine

staining of the elastic fibers. a , submesothelial layer; b , areolar layer
The elastic layer 1s the layer of eompact fibers between a and b. X200

himtante élastique profonde or externa which is reinforeed by fibers
from the adjacent pulmonary alveoli.

This deeper layer of elastic fibers, the limitante élastique pro-
fonde of Letulle, is not to be considered s part of the pleura; #f
belongs to the walls of the subjacent alveoli.

The surface of the pleura is, as both Linser and Letulle have

- Dt on Tens Salens

X200,
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same time cut transtersely 1t will be seen that the network of
elastic fibers in the alveolar walls beneath the areolar Inyer of the
pleura 1s continued 1nto the walls of the al col which are situated
mmmediately beneath the septum (Fig 122) The elastic fibers m
the alveolar walls which abut upon . septum are not constdered 5
part of the septum such being the ease why should the elastic
network i the alveol which abut upon the pleura be constdered
a part of the pleura?

Nesther the statement by Linser that there 1s a second Iayer of
elastic fibers which runs parallel to the surface of the lung and gives
off fibers which 1nastomose with those m the ahveolar walls nor
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F16 122 ~Sect on of ¢! e human pleura pulmonalis wh chincludes a septum

bules The continuation of the elashie fbers
sttuated bet een t5 o secondary lo ules contr uation of the eltstio fbets

empty lym
3 the septum

that by Letulle that the lumulante élastique profonde 1s remfuice:g
by fibets from the subjacent alveolt seems to describe the a: am
relationship It is true that anastomosing branches eonnec the
network of elastic fibers 1n the wlls of the alvcol with those ’Ill‘th:e
areolar Iayer and also with the fibers in the elastie Inyer Thete
anastomosing fibers have o very defimte purpose t)rxe{v“jermne
tie the pleura proper to the walls of the alveoh 'm{)i t:l ﬁnent e
time to asast 1 respiration It 1 also quite probable " e
elastic fibers within the areolar layer of the pleurmdhn\tc au‘se e

action to those within the pulmonary walls smce duef t(;ml -
timuance of the elastic fibers of the blood 1essels and of y
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vessels with these fibers, they must exert an influence on the cireu-
1atwon of the blood nud lymph

Tt hasbeen shown that i the normal pleura anastomosing Sbers
extend between the retwork of elastic fibers s the walls of the
ahieols and the elastie fibers within the areolar and elastic 1syers
of the pleura In the cvse of a bleb houeser, there hos been a rup-
ture of these wmastomosing fibers and the plears proper has been
separated from the walls of the underlying alveoh

What has caused this separaton? In every ease that I have had
an oppertunsfy to stud)y blebs have been assocrfed nith a well-

Yo 123 —“ection through & small bleb showmng s hemorthage
into the bleh The estension of the bleb has been arrested by the
septum an the nght of tha figure X7 §

marhed emphy<emn The manuer 10 which a bleb 1s formed re-
sembles that of sdeed 1t be not the sume which takes plice 1 an
mterstitial eraphy <emn namely, o ruptuse of the wall of aa alveo-
Tus which allows the awr to excape in this snstanee nto the arcolar
19yer of the pleurs Thts occurs at a powmt where, from some cause
the ¢lwtie fibers t the aheolar wall hase gisen nay  possbly
fro’;x: hav g been strotehed ta the breabing pont
anw PRREER

g
et

ancuty st extends along the wall of an artery Its extension may
be arrested where the septa, which mark out a seeondary lobule,
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leave the pleura (Fig 123), 1t may extend over a number of second-
ary lobules, or 1t may be still more extensive, as described by
Watson

Blood Vessels of the Pleura. In the opening paragraph of this
chapter attention was directed to the difference betw cen lungs
o1th a thick pleura and those with s thin pleura This difference
mnfluences the vaseular supply to the pleura

In lungs with a thick pleurq, septa extend from the pleurs mto
the lung, and 1t 15 slong these septa that branches of the bronchial
artery reach the pleura On reaching the pleura, branches are given
off which form the tasa tasorum of the lymphatics (Fig 88)
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F1c 124 —Smooth muscle 1n the visceral pleura of the human lung The dnrl}
strands are smooth muscle O\ superfictal musculature TM , deep layer o
muscle P parenchyma of the lung ki tols Iymphaties (After Baltisberger }

Dventually the bronchial artery breaks up m the arcolar layer
mnto capllll',mes which unite to form the radicles that take part in
the formation of those branches of the pulmonary vem thab Iﬂl;l]qe
from the pleura and pass along the septa into the depth of the
lun 1g 61

Dg, ‘gsimetzmes stated, the eapillanies derny ed from the bmmi"hl:llll
artery anastomose within the pleura with the capillaries m%o ;vulrcq !
the pulmonary artery breahs up, why 1s1t that in the case of p gften
blebs which are formed by a sphtting of the pleura, and are ofted
very extensive (nde Watson), no hemorrhage mto the qult,:lc 03 e
In such cases 1s I have scen in which a bleb cont'ulned Ool;laod
hemorrhage proceeded from a small branch of a pu monngnmm
vessel situated in the substance of the lung o short dist 1{:{5{) thm\xgh’
or to one side of, the bleb, and found 1ts way nto the ble

the torn alveolar walls (Fig 123)
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T'16 128 —Vacomotor fibers npl acco npanying branches of the bronch al
artery pl art within tle hunan pleurs ppar pulnontry parenchyma
%300 (Larsell )

are given off and these still further branch the final twigs end
2 small termwmal knob

Fre 129 —Lfferent nerve and nerve endings human
pleurs %300 (Larsell)

Corpuseles stmilar to those deseribed by MeLaughlin were found
by Larsell i the human pleura but he fuled to recogmze them as
nerve endings The fibers connected with them could only be fol
lowed for short distances and they lached the vancomties which
charaetenize true nerve fibers
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Tic 130 —P, pleura, Br , bronchuolus resprstorius which divides
1nto two ductuli alyeolares (d al }, only one of which 1s carried out 1n
detul, a & a, three atma, each of which has a number of saceult alyeo-
lares (s al), opemng mto 1t around the periphery of which are the
alveol pulmonum, ¢ Alveol: are also connected mith the bronchiolus
respiratorius, ductulus alveolans and the atna A., pulmorary artery
which divides into three atrial branches and each atnal branch divides
Into branches which are distributed to the saccul: 4lveolares these
latter branches gie ongin to the capillary networh in the walls of
the airspaces L, lymphaties, V, pulmonary vewn and 1ts branches of
ongm, 1, 2,3, 4 5, the key points described 1n the text
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Cuarrer X1
HISTORICAL SKETCH

If the hiterature on the structure of the lung be reviewed 1t will
be found that by many authors the term lobule 1s applied to those
areaswhich are sharplymarked out by conneetrs e tissue septa m the
lung of the ox and of the eluld, but less distinetly marked out 1 the
lung of adult man In some wnmals, 1s for example the cat or the
rabbat, ths marking out of u el defined areas is absent Thishas led
to much confuston and authors differ m themr deseriptions of what
constitutes 4 lobule, some even beginming their deseriptions with ¢
secondary lobule and ending with that of & primary lobule, and
vece verse Still, whateyer its constitution, a lobule 15 conssdered the
untt of construction Rossignol has well stated this fact when he
says
Le poumon des mammféres est 1 assemblage d’un grand notabre de lobules
semblables appendus aux extrémtés d’un arbre bronchique commun Le
probléme de Ia texture de cet organe se rédwit done A détermuner celle du
lobule

In the following pages I shall confine oy self to the arrangement
of the ur spaces, and reproduce m chronologteal order some of the
desceriptions and dragrams to which I have access

The description of the lung as gren by Vesalius in 1543 summed
up the knowledge of 1ts structure previous to and at his time, he
says
Pulmonis substanta, caro est molhs, fungosa, rara, levis, aérea ac sotut
ex Spumosd sTnguime spumai e singuuiea, concreta, multisque 1 2sorum
germinibus seatens

Rendered into English 1t rends “The substance of the lung1s3
soft spongy, thin, Light, ury fiesh, as though composed of frothy
blood or bloody froth, and filled with many branches of 1essels
This remaned the accepted description until the trme of Malpight

MARCELLO MALPIGHI (1628-94) N
Malmght proved hy means of mjections of mercury 1to the
blood ?ei:elé’ that no};ommummtlons existed betwneen them m}x‘d
the ramifications of the broncht He was the first to rccgg{)ulihte !f
presence of pulmonary lobules The lobules, Rurrounde )m o
proper membrane and supphed with common vesacls t:“i "
tached to the small branches of the trachea (sceondary Tobule:

162
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He described the parenchyvma of the lung as consisting of an
assemblage of delicate membranes made up of vesicles which were
round and simuous, formed by the terminations of the bronehy, and
compared them to the cells of the honey-comb (Fig 131) All the
vesteles  commumeated
with each other, thus
grving to the lung a
sponge lithe appearance
Malpight saw  vesicles
not only at the end of
the bronch: but also
along thewr walls e
Interal vesicles

Besides the vesicles
which made up the
lobules  Malpight  de
seribed 4 second set
situated tn the mnterlobu-
lar tissue These were
smaller than the vescles
of the lobules but they
intercommunicated with
each other and mutually
taok part 1 respiration
He evidently had pro
duced an artifictal mter-
stiial  emphy~ema by
overdistending the lung
with mr

Malpigln ~ probably
sw, but did not recog-
mze, lymphaties 1 the
lung for he savs he has
seen  “certan black
pomts which mark out
a5 with o thin hine the e traclea and pulmontrs vessels (After
whole extent of the - VMalmgh)
terstiin”  The blach
lines were probably pigment deposited along the Iy mphaties “The
same pigmentation 16 ~een tn the glands continued at the sides of
the tracher aspray

The above abstract 1s from the first of the two letters Malpight
wrote to Borell on the structure of the lung In his sceond letter he
deseribed the ¢ aptiry network extendmg between the artery and
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vemn and so completed the errculation of the blood through a de-
finite system of vessels rather than the indefinte “porosities of the
tissues” as described by Harvey

THOMAS WILLIS (1622-75)

Willis studied the structure of the lung by mjecting mdepend-
ently the bronchi and blood vessels with mereury or with various
colored hquids which easily congealed e found that attached to
the small branches (bronch) of the “aspera artern” (trachen)
there were “little lobes” and that the interspaces between these
hittle lobes were filled with a ‘“Membrane ”” In other words he
recognized what are now termed the <ccondary lobules of the Jung
(Ig 132) On cutting open one of the leaf-hke hitle lobes he found
that after the bronehal twig with which 1t % 1s connected had pene-
trated mnto its mterior, 1t broke up mto a large number of finer
branches which bore on therr terminations minute bladders or
ampullae (Fig 132) These bladders did not communicate with
each other as was the case with the vesicles of Malpight's figure,
neither did they possess the polygonal form given them by Mal
pight, but they were separate, independent structures®

Bestdes these little bladders, Willis deseribed 1n the interspaces
between the hitle lobes “certamn httle bladders, transparent and
very thin,” the purpose of which he explans as follows

interval between them

In another place he says that if one mahe a small hole 1n ‘one
of these mterspaces with the pownt of 2 kmfe, and blow mto it
through a pipe, presently that whole lobe wll be very much ({]\5
tended, cvery wnterspace bemg puffed up " By this proeedure Wills
produced an artifiera! mterstitinl emphy sema

Willis also recognized what are now termed bronchioll respi-
ratorn for he found small non cartilginous pronchi that had 0

5

the interstices between cerbam ligaments (smooth muscle b'md:.{)
© emin

. ) - = ton
sed

by contemporary transfators of b1 work
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“small bladdery little cells” (cellulas tesiculares) He quite aptly
compares these bronchiol to the eolon of a mouse {muns colo
wnlestino)

The advance made by Willis over the work of Malpighi consisted
i the recogmtion of definite areas within the lung surrounded
by connective tissue, which contained the finer ramifications of the
bronehy, each ultimate ramification bearing on its extremity 4
“little bladder ” These httle bladders were entirely independent
of each other and differed from the polygonal cells of Malpight
which communieated with each other

Accompanying these areas, or little lobes, were branches of the
pulmonary artery and pulmonary ven, nerves, and lymphatics
Wilhs had worked out, so far as the methods at his command would
permut, a unit of construetion which also meluded the gross dis
tribution of the bronchial artery

FRANZ DANIEL REISSEISEN (1778-1828)

The work of Willis was quickly forgotten and I have not been
able to discover any further onginal work, accompanied by 1lus-
trations of the structurc of the lung until the time of Reisscicen
He recenved the first prize of the Royal Academy of Berlm for s
dissertation on the Structure of the Lung This was first published
without illustrations, 1 1808, mn 1822 & beautifully illustrated edi-
tion was 1ssued under the directon of K A Rudolph which con-
tained parallel columns of German and Latin text, the latter by
J F C Hecher At the same time that Reisseisen recersed the first
prize v Sommering recenved the second prize, but unfortunately
his dissertation was never 1ssued with ilustrations

In the meantime notable theoretical discussions had been pub
hished by Helvetius (1718) and by Haller (1761), the mun question
being the existence of the system of vesicles described by Malpigh
Helvetius dented therr existence and described the lung as consist-
g of cellular tissue derived from the pleura “mn which the aur
brought by the ramifications of the broncht 1s diffused 1n the sn;lle
manner as the blood 15 diffused 1n the spleen of the sheep or 1 t] 3
corpora casernosa ” Haller supported Helietis m some of his
contentions but states that the theory of Helvetius was not Rbeﬂd'
erally accepted and that the existence of ar tesicles as descrn :e
by Malpight was the pres mlimg opmion With this digression

will now return to the work of Reissesen
Reisseisen followed the method mtroduced by Wllis and 1n

dy the mar-
ted mercury nto the bronchi He chose for Ius stu
:;euclscof the lunryg By careful pressure with the handle of hs scalpel
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EVERARD HOME (1763-1832)

Home did not agree n1th erther Willis or Reisseisen in they
ments that the bronchi ended etther m n saceular dxhhixi': ttfr
bhndly Hesays The cells of the human lungs are not dilatations
of the bronchial tubes but
are regular cells in which
the tubes terminate  His
deseription 15 somewhat
1ague and s illustrations
still more so He evidently
returned to the theory of
Maipighi forhesays The
substance of the lungs 1n
terstitial to the cells when
dned became transparent
and was found to be com
posed of a4 smaller order of
cells  with  transparent
covenngs that freely com
mumeated with one an
other as well as with the
eavity of the large cell they

Fro 134 —Slowstl estructureof tl ehu
man lung tmmed ately surroun hing the axr  surrounded (Fig 134)

cells The interstttial substance bety eon the
cells Home says consists of small cells  ApGUST LEREBOULLET

everywhere opemng into one another and (1804-65)
commumeating 8ith the large ones The ar
The trachen divides and

teries and vens njected The vens are
shown 1n solid blacl and & portion of tie  gubdivides into numerous

wall of the artery has been remosel Iym  hranches and therr sub
phatics ind eated by the string of oval bead 4 hich terminate
1ke bodes (Home ) vistons b
1 culs de sac without ex
periencing any sensible dilatation
The cells or rather the terminal eapsules are 1ery numerous
They are distinct from one another and do not communicite
except through the bronchial canal of w hich they are the termi

nation y
The union of 4 certan number of bronehia} ramuscles proceeding
and these fobides

yInch the organ of

P A E BAZIN (1807-78}

Bazn confirmed the observations of Resseicen He fuunddtlm;
cellular or svescular tissue 1 which the broneht were considere
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to terminate was only the continuation of the successine ramifica
tions of the bronchi themselves

He disagreed with the theory advanced by Bourgery that the
bronchi terminated 1n a sertes of branching and anastomowung
canals designated by Bourgery labyrmthal canals  On the con
trary, he found that the broneh: after numerous divisions and sub
divisions terminated by giving ni-e to short branches which ter-

T1a 135—Tnlargement of s portion of
Lerebo tllet 5 11gure 2

minated in euls de-sae ‘ These are the extremuties of the ramifica
tions and 1t 13 the enlargements that they present when they are
distended, that the majonity of the anatomists have tahen for cells
or veueles

MARC JEAN BOURGERY (1797-1849)

Bourgery disagreed with Bazin and opposed the desenption of
the finer structure of the lung s expounded by Willis and Rews
¢t en He did not believe that there were any veseles 1 the lung
but that there existed 2 scries of eanals which anastomosed with
eachother There does not exist 1n the lung esther eells or vesseles
but nerial capillary eanals The acnal capllary 15 not a cellule
or vesicule, but a canal ’ I'rom this thests he developed an entrrely
novel and onginal theory

These canals, whatever therr reference to the pleura, the inclination
of the scetion upon which one ob.cries them, appear equally sarned in
direction All the<e canals are very tortuous and inosculate at the
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Home did not agree with exther Wallis or Reiscercen 1n th
ments that the broncln ended erther 1 a saccluhr dﬂaa:ls;;':r
blindly Hesays  The cells of the human lungs are not dilatations
of the bronehial tubes but
re regular cells m which
the tubes ferminate His
deseniption 15 somowhat
vague and lus illustrations
still more so He evidently
Teturned to the theory of
Malpight forhesiys The
substanee of the lungs m
terstitinl to the cells when
drted became transparent
and was found to be com
posed of 4 smnller order of
cells  with  transparent
coverings that freely com
munieated with one an
other as well as with the
‘ cavity of the large cell they

surrounded (Fig 134)

AUGUST LEREBOULLET
everywhere opening into one another and (1804-65)
commumeating with th e large ones Tlear
teries and veins mjected Tle vems ate The trachen divides and
shown 1n solid black and « portion of tte  subdnides into numerous
\vl:m of the artery Las been removed Tym  prapeyos” ond thew sub
phatics indicated by the string of oval bead
fihe bodies (flome } distqons which termmate

m culs de sac without ex

Ta 124 _Q -~

peniencing any sensible diltation

The cells or rather the termmal capsules are very numerous
They are distinct from one another and do not communicate
except through the bronchial cnal of which they are the termt
nation

The umon of 2 certtn number of bronchial ramuceles proceeding
from a «ingle branch forms the pulmonary labule and these lobules
by their agglomerations constitute the lobes of which the orgn of
respiration 1s composed (Fig 135)

P A E BAZIN (1807-78)

Bazin confirmed the obeery ations of Resseisen He found that
cellular or vesicular tissue 1 which the bronelt were considered
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to termnate was only the continuation of the successne ramfien
tiops of the bronch: them elves

He disagreed with the theory advanced by Bourgery that the
bronchi terminated 1 a <enes of branching and anastomosng
canals designated by Bourgers labyninthal canals  On the con
trary he found that the bronch1 after numerous divi 10ns and sub
divisions termunated by giving nice to short branches which ter

Tic 135 —Tnlargement of a portion of
Lereboullet s Figure ”

munated 1 culs de <ac These are the extremtties of t} e ramifica
tions and 1t 1s the enlargements that they present when they are
i tended that the mayonty of the anatonusts have taken for cells
or vesicles

MARC JEAN BOURGERY (1797-1849)

Pourgery disagreed with Bazmn and opposed the deseription of
the finer structurc of the lung as expounded by Wilhs and Rer s
esen He did not believe that there were any vesicles 1 the lung
but that there existed a senes of eanals which anastomo ed with
each other Therc does not exast 1n the lung cither cells or vesteles
but aenal capallary eanals The aenal eapillary 1s not u cellule
or vesicule but 4 canal From this thest> he developed an entirely
novel and onginal theory

These canals whatever tl e reference to the pleura the mchnation

of Yl e section upon which one obscries them appear equally varied in
durection All these canals are very tortuous and inosculate at tle
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extremities and upon their contour the one 1n the other by a great number

of onifices (Fig 136)

No canal gives the tdea of a cul-de sac or caceum These canals
grve the 1dea of a space well dinided nto thousands of tortuous

AaE

116 136 —Termmnation of « bronehial canal
which 1f 1t were injected with mercury would
reproduce the cocca in the trefoil of Reisseisen
2 bronchial capiilary cantl b 1its continua
tion cce tnfid sinus opening into the laby-
rinthal canals Pulmonary artery indicated by
obhique lines Pulmonary vein stippled (After
Bourgery ) x22

branches, incessantly con
tinuous withm itself, and
where there 1s nothing ter
minal except the onfice of
entry, where the outlet 1s
found Iikewrse  brought
back,1t 15, 1 a word, the
pieture of & true labyrinth
Itisthiswhich has made me
name these conduits aersf
erous labyrinthal canals

JOACHIM ALBIN GIRAL-
DES (1808-75)
Giraldes studied the
lung by means of mace
ration, dissection and
corrosion, and reached
the conclusion “that the
broncht do not commu
nicate with each other,
that the disposition m
the form of a labynnth
does not exist, and con
sequently that the opm
wn of M Bourgery 1s
not true ” In this state
ment he supports the
opintons expressed by
Reisceisen and by Bazin

THOMAS ADDISON (1793-1860)

Addison examined the structure of the lung mn evers possible
way he could devise, yet he always faled to find any bronchial

tubes ending 1n cul

s-de-sac on the other hand, he always saw ar

section he made

cells commumeating with each other i every )
“ The bronchal tubes, after diding wmto 2 multstude of mnute
he cellular mterstices of the

branches which take their course m t.

lobules, terminate m their mtertor n bra

nched ar passages and

freely communieating arr cells’ (Fig 137)
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Addison commenis on the syponymous usc of the terms mr
vevtcles and  air-cells and says that strietly speahing an awr
resiele 2s an air bubble* and may exist either 1n or out of 4 pulmo
nary cell  In fefal lungs neither air bubbles nor ar cells exist
but with the establishment of resptration the arr drawn mto the
lungs mflates all the lobules to two or three times their previous
size wnd the mtralobular bronchial ramifieations undergo o very
wmportant change The walls of these bronchial ramufientions are

Fig 137 ~Intralobular bronehialram
A catrons part ally mfiated and h gy
magmfied (a) Cul-de sac termmations
Iying agmnst tte lateral mflabions of
adjo p ng branches (b b ¢) Themult
Yoovular guls-de-sac at th e surlace of & Yob
ule (Add on}

T 138~Stovg the cells formed
upos the intralobular bronehial
branches with polyhednie figures
formed by pressure (Addison }

very dehiecate and oppose an unequal degree of resistance to the

metry of thesr branched arrangement is lost or ebscured  The ru
tual compression exerted by the globular inflations of one branch
on those of adgoining branches eauses them to assume a pentagonal
or hexagonal form (Fig 138)

GEORGE RAINEY (1801~84)

Rainey desenbes the lungs as betng made up of bronehial tubes
bronclual mtercellulrr passages and mir cell  The bronehni tubes
*Tadesmae W oM
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ramify m the substance of the lungs and, “m the human ung
bwvang arrved withim about one-cighth of an jneh of 1ts surface

figures I'g 1
11 139 —~Ramey’s descriplion of lus

Shows the abrupt termmation of a bronelual tube n 2
bronehal sntercellular passige (2) The bmnchx'al mexln:

4 alar menm
the (ming) membrane terminates, but somewhat 1bruptly (11g

he
139), after which the passages conducting thelmtrh can:;reu;z;‘éncén’
same direction as the bronchial tubes, of which they
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tinuation but without having any perceptible membranous Iin
ng

The bronclnal mntercellular passages are at first of a cireular
form and like the bronchial tubes do not communteate with many
arr cells but as they approach the surface of the lobule the number
keeps increasing and at length these openings of communications
are so numerous and so near together that the imtercellular pas
sage loses altogether its eircular figure and becomes reduced to an

'

dilated as stated by Reisseisen but has about the <ame diameter
as the passage of which 1t 1s the continuation (I'g 139)

The air cells which are situated close to the bronchial tubes or
tereellular passages open nto them by large circular apertures
whilst those which are placed further from these passages com
munieate with them through the medium of other cells As
these openmings are not necessanly m & straight hne the exact
quantity of cells wluch commumcate ean not in this manner be
determined but the number will deperd upon the distance which
ntericnes between any given part of a bronchial passage and the
surface of a lobule so that when a bronchinl passage arrives near
est the surface 1t will be separated from 1t only by a terminal ecll

The parenchyma of the lung according to Raney 1s thercfore
largely made up of mtercommunicating air cells which are destitute
of gn epithelal linmng

HIPPOLYTE ROSSIGNOL (1815-70)

Having noted the fact that just beneath the pleura 1n scctions
cut from 2 blown up and dried lung there can be seen 3 len ex
amued with a low po ver lens numerous small cavities which are
separated from each other by fine walls while 1n the thrcher and
more deeply situated portion of the scction these cavities are
arranged 1n groups whieh vary i number and are surrounded by
thicker walls Rossignol goes on to say that he will continue the
entieal exammation of the <ection before demonstrating one of
the most important arrangements of the aenal apparatus

T have remarked that near the border of the section that 1s to
52y where 1t 15 the thinnest there exist only pulmonary alveolt ad
Jacent to each other without marked traces of the large eavities
which m reality enclose them m more or less numerous groups
while 1n the thickest places these cavities arc very visible This
follows smee the walls of these last diminish 1n thickness 1 pro-
portion as they approach the surface of the lung and there end
by bemng no longer differentiated from the alveolar walls which
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seem to continue them In order to be convineed j -
serve the pulmonary section where these kinggdo}bos;s?x:ic:Zstgoixll’-
mence. One sees then evidently that here are the external sides
of these alveolar groups, without having much more thickness
than.the other sides, and n place of stoppmg as these do at a
ccrtain height, they continue indefimitely in thickening themsels s

S s
GRS
St o
RE B
a7 a7

Fia 140 —Tin section from the pleural surface of the lung of the cat At
the borders of the section only 1solted alveol are seen, m the center, where
1t 15 somen hat thicker, the alyeol: are enclosed 1n the 1ofundibula, nhere they
nise up from the bottom of them as so many termuinal cells The spices or walls
which separate the infundibula are marked by depressions, rregular and more
or less pronounced, which are the ongin of many alseol These last rest upon
the external walls of the subpleural infundibula and are enclosed hiewrse in the
mfundibula, 1n the same manner as one observes when the section has a little
more thichness than the one illustrated (After Rossignol }

more and more and 1n this manner constitute the great cavities
(Tig 140)

“From where they anse they effcet a polygonal form, but more
nearly approach a crreular form than the alveoli In proportion as
they become deeper (in the lung) one obseryes that therr onfices at
the surface of the section become more and more round and con-
tract considerably, so that they represent very well a hollow
truncated cone or a hind of funnel whose large extremuty should
rest upon the pleura. To shorten the description and mahe 1t more
mtelligble, T will designate these cavities under the name of in-
fundibulza or funnels. . . . The infundibula or terminations of the
bronchial ramfieations constitute one of the most important parts
1n the mmute structure of the lung No anatomist has noticed or
even suspected the existence of them.
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Lach of these ifundibula represents a small sac more or less
conienl 1n shape 1ts imnternal surface parbitioned off by numerous

alveoll having but 1 «ingle
opening of communication
with the externi wr 1t s
on a small seale the repre
sentation or the exact re
production of the reptiliin
lung and especially of that
of the batriehians So that
the human lung locked at
from this pomnt of view
may be defined as the as-
semblage or coneentration
of mnumerable small lungs
Iike those of reptiles and
bound together by means
of a common bronehal
trec (g 141)

1 have made this lengthy
abstraet of Rossignot s es
s1y because 1t contauns the
onginal deseription and fig
ure of wn infundibulum

JACOB MOLESCHOTT
(1822-03)

Moleschott  does  nat
agree with Rassusen that
the bronchtal tubes termm
nate by rounded extrem:
ties mor with Wilbs that
they terrmmate 1 culsede
s1e wath didted extremities
He supports the statement
of Malpighi that not only
are there yesicles on the ex

a

Fic 131 —Mode of termmauon of a
bronel albranch in the lung of the dog The
mfun libula ¢} eir tube of reunion the ter
munal alveoh and the parietal alveol are
down s tno peighbonng nfundibula
united by tte tiinnng of the wall shich
seprates tlem b tube of unton of the in
fun libula or the last but one brouchsal dy
viston Tle 1afun ibulum placed over the
ranuf cation sndicates the mauner 1 which
tle e dilatations {11 the intervals that the
aenial canals leave between them ¢ anin
tundibulum which opens separately into a
bronchial tube In t}is aenal dilatation one

f -
seem to contan otiers smaller and of less
height (After Possignol sTag 7)

tremities of the bronchial tubes but there are also vewcles which
open into them along therr lateral walls (g 142) Molecchott
evidently saw longitudinal <ections of bronchioh re piratomn or
LEETE )

to find any communicition between neighboring vesicles except
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;I)t"b)‘ v.?xch they were conneeted with the bronchial s
scl

BIC w cavionies wliy, 1y b
5 4V Stems to me, does not have g
henstve an 1dea of the lung as Molesch‘ott & compre:

T'te 142 —Section from the lung of a full term chidd
Tt shonsal hrolus with which are d parte
tal (b} and terminal {a) vesseles {“oleschott )

LOUIS MANDL (1812-81)

Mand! mnjected the lung with gelatin, when dry, he cut thin
shices, mmstened them with water and examuned them under the
microscope For the best results 1t was neces<ary to have longt
tudinnl seetsons which included » termunal bronehus Such seetions,
he says, are somewhat diffieult to obtamn This studying of single
sections whieh eut o bronchus longitudinally, explans many of the
misconceptions made by authors

No single section tells the whele story , stalf, Mand] made several
observations which have stood the test of time He smd “Lateral
and termunal vesicles never commumicate except through ther
common bronchus and never commumeate with the intercellular
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Fic 143 —~Th nsectionof adriedlung & terminalvesicle
b lateralvescles ¢ transverse sect on of 2 bronchus or of &
vessel d projecting wall of the ves cles (After Mandl Fig 2)

Tra 144 ~Fron an mjecte ! lung of & nenborn
¢hld a lobules b term nal an! Iteral ses cles
¢ capllacy vessels 4 three or four termunal ves
cles v ened from above {After Mand) Fig 4)

177
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connective tissue  Agun  one often sees the wall of 2 laterad
seaele continuous for 4 certun distance mto the intenor of the
termmal bronchus and thus form an 1 olated protuberince (Fig
143) Had he made use of serial sectrons he would hay e understood
the <igmficance of this protuberance \landl found on mahing
colored njections  some lobules which press aganst each other
suspended from « trunh and T 1 of a collection of
sesticles m 1 word = structure analagous to ¢ lobulated gland
(g 144)

ARIUS ADRIANI (*-?)

In Ius general description of the lung \driap agrees with Ros
signol He accepts the name infundibulum introduced by Ros
signol and so designates
the fin\l termmations of
the bronchial tubes (Fig
145) He also describes
alveolt 1s bemg connected
not only with the infundi
buln  but also with the
walls of the bronchial tubes
Just before they end in the
mfundibula  these alvech
open re pectively mto the
nfundibula  or mto the

Fio 145 —Pleural surface of the h nan bronchial tubes Lach m
lung indicating tle lobules in haded o1t fundibulum hag not m
Tne and the air celflsa 3 (\fter Adriam) aptly leen comp'tre'l to a

frog s lupg i mumature

Rossignol faled to find 1n normal lungs any communieation be
tween adjoining alveoll when such communications were scen he
considered them pathologieal On the other hand Adnam thought
differently for he says It becomes a most importtnt question
whether the neighbonng alveoh according to Rossignol only com
mumeate with each other by means of the branch with which they
are connected or whether they al o commumicate by other Inter1l
openings We consider the opinion of Rosagnol without doubt false
sinee We have seen most mnute round and elliptical openings 1n
other lungs and most clearly m those of Cervus elephus (red
deer) by means of which 2 communication 15 establi hed between
neighboring nfundibult  This 1s the firat desersption of ahveolar
pores and from the time of Adriam untal the present 1t 1:-14 proved
an mterestmg topie for study or discussion (see page G5)
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ERNESTUS SCHULTZ (?-?)

Accepting the description of Sommening Schultz says that the
subdivision of the broneh: within the lungis arboreal rather than
dichotomous 4s stated by Krau e and others

If a complete cross <ection that 1s very thin and of uniform
thickness be cut from 1 dried lung and exammed under the micro

NN Ao
5 ey
IR CURE

Fi¢ 146 —TI nsect onfronalungwhet asblownupw ! aranldrel
Schultz had o ery comprehen 1 ¢ dea of lung structure Tor deser pt an of
figures see text

=cope we sce an irregular network (g 146) loeme lesf rma
sertes of openungs The larger are elliptieal (2} and the smaller ones
are roun 1 (1) or have rounded angles I'rom the edges of the larger

denticulate 1 proce (s) curve 1n tosard the interior
of the opening where «s often happens large openmgs hase 2
common wall theee processes are gien off from either «ide 1 =
more or less alternate manner Turtlermore these large elliptieal
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connectine tissue ' \gaum, “one often sces the wall of « lateral
vesicle continuous for 4 certun distance mto the mtenor of the
terminal bronchus and thus form an 1volated protuberinee ' (Fig
143) Iad he made usc of sertal «cetrons he would hat e understood
the sigmfieance of this protuberinee Mandl found, on miking
colored mjections ¢ some lobules which press agunst cach other
suspended front 4 common trunk and compo~cd of < collection of
vesteles 1 oa word o structuie analagous to o lobulited gland’
(g 144)

ARIUS ADRIANI (2-?)

In Ins general desenption of the lung Adrrumn agrees with Ros
wgnol He aceepts the name infundibulum mtioduced by Ros
agnol, and <o deignates
the final termunations of
the bronchial tubes (Fig
145) He alo deseribes
Aol as bemng connected
not only with the mfund:
bula  but ilo with the
walls of the bronehial tubes
Just before they ond in the
mfundibula, these alveol
apen respeetively mto the
wfundibuly or nto the

Fic 143 —DPleurl <urface of the human  bronehnl tubes Tieh
lung ndicating the lod wles in shaded ont fundibulom haw not -
hine and the air cell 4 a {After \drm) ptly, been compared {0 4

frog ~ lung i nuniatun

Ro~agnol fuled to find i normil lungs any communteation be
tueen adjornmg alveol, when such communre wions were seun he
considercd them pathologieil On the other hand, \driam thought
dilferently, for he cvvs “It hecomes & mo~t mportant questian
whether the neighborimg alveolt according ta Ro-wgnol, onh com-
muneate with each other by mean~ of the brwneh wath wlich they
are conneeted or whether this aho commumiete by ather Interal
opemings We conmder the opinton of Ro~~ignol wathout doubt il ¢,
ainee we have ~een most mnute round nd ellptic il oponines H;
other lungs, and most elearh n those of Cervus clephu~ (red
deer) by means of which 4 commumie ton 1~ established lmhu\lou
neighborme infundibuly ” This is the fisst desenption of aheo 'n"
pores and from the time of \driym untal the present, ot l_l“ prowet
an mtere~ting topie for study or diseussion (e pise 65)
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ERNESTUS SCHULTZ (?-?)

Accepting the description of Sommening Schultz says that the
subdivision of the bronehi within the lung1s arboreal rather than
dichotomous as stated by Krause and others

If a complete cross section that 1s very thin and of umform
thickness be cut from 2 dned lung and examned under the micro

)

gﬁw \'3(85 %“7&( a r=

T'tc 146 Thnsect onfroma lung wh el wasblownupw t] aranddre}
St ultz had & very comprehens ¢ lea of hung structure For descr pt on of
foures see text

scope we see an irregular network (Tig 146) 1 hose meshes form a
series of openings The larger are elliptrcal (a) and the smaller ones
are round (1) or hwve rounded angles Trom the edges of the larger
openings denticulafed processes (s) curve m to ards the mtenor
of the opening where as often happens large openings have a
common wall these processes are given off from either wide 1 4
more or less alternite manner Furthermore tl e<e large clliptical
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connective tissue’ Agun ‘onc often sees the wall of a lateral
vesicle continuous for 1 certam distwnce wmto the wmteror of the
termnal bronchus and thus form n 1solated protuber ince (Fig
143) Hnd he made use of senal sections he would have understood
the significance of this protuberance Mandl found on making
colored myeetions  some lobules v hich press aganst ¢ach other
suspended from n common trunk and compo ed of 1 collection of
veacles m 2 word a4 structure analagous to  lobulated glnd

(Fig 144)

ARIUS ADRIANI (P-?)

In s general deseription of the lung \dnami agrees with Ro
signol He aceepts the name mfundibulum troduced by Ros
signol and so designates
the final termmations of
the pronchml tubes (g
145) He also descubes
aheolt 25 hemg cornecte
not only with the infundy
bula but also with the
v alls of the bronchid tubes
ust before they end n the
mfundibuta  these alicok
open respeettvely mto the
mfundibule or into the
bronchtal tubes Tach in
fundibulum has not

Fra 145 —Ileural surface of tl ¢ Lun an
lung indteating the lobules 1n sl led o1t
hine ard the air cells a a (fter Adran1) aptly been compared to 4

frog s lung 1n mumature

Ro wgnol faled to find i normal lungs ny commumcation l;;a
tween adjomnmng alveolt when such communications were seet h::
conadered them pathologieal On the other hand Adnm thoug

differently for he says It becomes 2 mo ¢ ymportant question
whether the neighborng alvcolt according to Rosaignot only tom
munteate with each other by menns of the brinch with whick éhc}]
e connected or whether they al<o communieate by nthcrl'x(fciﬂ
openngs We constder the opinton of Rosugnol without doubt {u En
since we hate secn most mmute round and elipticd openings ld
other lungs ani mnct clearlv m those of Cerius clephus (rc“
deer) by me
~1 3
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infundibulum 1s surronnded with a layer of conneetive tissue, on
the contrary, he found that there are polygonal areas, which
clude groups of infundibula with therr accompanying bronchioles
and blood vessels, that are surrounded by connective tissue These
groups, mnto which a braneh of the bronchus enters, vary i size
and collectively form the lobules

RUDOLPH ALBERT KOLLIKER (1817-1905)

After stating that the finest divisions of the bronehi terminate
m a group of air cells rather than 1n a single vesicle, as stated by
Rossignol, and that this group of
ar cells constitutes a lobule, Kol-
liker says “there 1s no occasion
whatever to designate them under
any other name, as was done by
Rossgnol, who calls them @
Sundibula

In the chuild these lobules (pr1-
mary lobules) are more dstinet
than 1 the adult In the adult
these lobules yary from one-fourth
of a line to one line 1n size, but are
50 closely blended that, even on
the surface of the lung, their out-
lines can with difficulty be made
out In the imterior of the lung
they have a more homogeneous Fic 147 ~Two small pulmo
character, resembling the lLiver narylobules wath theawcells b b
On the other hand, the secondary and the finest bronehial twsgs ¢ ©
lobules, one-fourth of an mch to Which also possess mr cells From &
one mch i size (lobules of authors) ?;:’oegrf\ﬁﬁ?ﬁg) Half schematic
are most clearly marked out, the
more 50 because the boundary Lines are marhed out by lines of
pigment which 1n the course of time has been deposited in the inter
lobular connective tissue Collectively these lobules (secondary
lobules) form the lobes of the lung (Fig 147)

ROBERT BENTLEY TODD (1809-60)

WILLIAM BOWMAN (1816-92)

Ther use of the term “lobule” 1s somew hat confused, for they
first describe 5 lobule as bemng mapped “out of the pulmonary sub-
stance imto small poly hedral masses separated by areolar tissue and



180 THE LUNG

openings have & nurrower end and not rarely 1t passes on 1ato 1
still narrower passage of greater length (c), whose edges hwve the
same nature s the edges of the Inrger openings and, like them,
send out denticulate processes (s') Occasionally there may be seen
openngs that are wider or ntrrower, round (f), or more profracted
m length (¢’), the Intter often lying next to the former All these
opemngs are surrounded by heavier walis which vary in thichness
with the diameter of the opeming The surface of these openings
turned toward the lumen 15 smeoth Some of the larger openings
contan eartilagmous plates (g) Other opemngs (h) wre seen, being
larger or smaller in s1ze and surrounded by a band which +ares
1n thichness marked with wregular furrows and tinged 3 ellow white
m color, and never commumeate with the openings surrounded by
the thinner outhnes
Tinally, there are seen everywhere tracts, irregular in form and,
size (1), which correspond to the tissue surroundmg the openings
just desenibed Enclosed 1 these tracts there are areas of pig-
mentation (m) of greater or less size More frequently, when sec-
tions are cuf, lamellae of uneven thickness are obtaned, which
give modifications of the miscroscopie 1mage just deseribed The
large openings with thin walls (2, b) scem to be mssing, but the
smaller round ones appear 1n great numbers 1nd situated close to
one another (n) Moreover, the lumina of these openings appear to
be full of a transparent, glass ke membrane When the focus of
the mucroscope 15 moved up and down, ths membrape, which
closes the small round openings, appears in some of the opemngs
to be curved towards the obeerier, in others away from the ob-
server (In other words, Schultz saw the thin walls of the alveolt
sometames from tbove, sometimes from below )
In hus up, Schultz the diff between
sections of blood vessels (h) and bronehn (f) He also recognizes that
the large hollow spaces (a) are continuous with a narrow canal
(d) which has the same characteristic walis The large opem;}gs
(1) he calls as did Rossignol and Adnani, infundibula, the smaller

i the
apenngs, wlveok The sheok situsted on the v]idgfﬁvi;’:-dp:nelal

n with the
1 of the m

th one
fundibula and of the petioll, have no direct conticeiton w1
another but only through a common hollow body, of which ﬁ:e)
are, 251t nere parts ’ In this statement Schultz drreetly op)zn ::
Adriam who had sud that there were direct commumeatio

ores) between adjonmg mfundibula
(pSclﬁltz does not agree with Huschke when he says that each
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having & Ver¥ yrregular shape” They bere describe what are now
called secondary lobules but they go on {0 $3Y Ner ertheless 14
seems certaidt that each termanal bwrd of the bronchus 18 W rela
Bon wath only tls 00 proper set of arr cells and that stich sels of cells
do not communcale excepl through the medium of the pronchig %
this sense tobules exist everywhere €Yt when

ng

endence on & «ngle termmal ur tube ' * They here define the Wf
rmary lobule Todd and Bonman do not gne
an ongmal diagram of the nrr'\ngcment of the air spnees but they
do gve <O conelse defimiion of wht constitutes & secondary
lobule and what constitutes & primary tobule that 1 quote 18 full

Wy
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Fig 150—D agman of portions of the 1uTeE
Jung, imperfecthy Bectel with 1 3% o<t ibiting the
mode w wet #e o erceliylar pusiEes s o »
Spring from the 16 anate bronel+ B D Tl ese s1¢
ooth walled those Meectated (After ¥ ams }

THOMAS WILLIAMS (1819-65}

In the supp\cmem'\r) votume of the ('yclopntdm of inatomy and
Phystologd W ilhams gees® résum( of prev ous work and adds some
*italcsmume WM
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A =
X

T

T16 149 — An unaginary section of
4 lobule of the human lung earried
parallel with the plane of distribution
of the chief mnterlobular divisions of
the bronclu The latter are observed
to multtply both on the dichotomous
and arborescent plan (After Vil-
liams )}

¢, ¢ denote the smallest of the true
bronchy which contrast by ther
smooth walls the alveolated inter
cellular passages 4, a, a The latter
exceed the extreme bronehules shghtly
1n diameter Unlike these bronchules
(c) which never mosculate, the inter
cellular passages (a) ramify 1n every
direction and at exery plane, and fre-
quently open 1nto one another, estab-
lishing thus a free communication for
the air between all parts of the lobule
b, b b indicate the ultimate air cells
of the lungs They correspond 1n size
sith the al eola (themselves true cells)
on the walls of the intercellular pas
sages e, e, bottom of the subpleural or
most supetficial arr cells

Fre 148 —A group of Jobules
loosened from their mutual attach
ments, tndicating the mode 1
which each lobule (b} receives s
single bronchil tube (s) (After
Willams )

At ¢ 18 represented the dichoto-
mous manner1n which the primary
and secondary orders divide, at ¢,
d, and f, 13 shown the mregular ar-
borescent method 1 w hich the ter
minal Jobular bronch: project from
every side and pont of the cireum
ference of the <econdary bronehnl
tubes
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anmab, 45 the eat, the subdivision of the lobes into lobules does

not exist, whilst in others, as the calf, it 15 erned on o 3 very

great extent, the lobules bemg very numcrous, and <ome of them
"

very small

In another place he swys ‘ Tach secondary lobule of 4 lobe has

its separate bronchual
tube, and the number of
diirwons  which  take
place within 1t Vames
with its size 1 general
the subdivisions  are
few " The last diision
af the bronchial tree he
calls the “terminal bron-
chial tude,” sometiroes
the “ullimate bronchial
tube” Cannected with
each terminal bronehial
tube ar, somewhat elon-
gated cavittes to whieh
he gnes the name “air-
sac " These are arranged
in geoups Al the aw
saes  communicate i
rectly with the diated
end of the ulimate bron
chunl tube, whieh forms
the pownf de rewmion
(g 151) Each smr-sae
communicates with the
ultimate bronchial tube
by means of = eweular
opening More than one
ar-s1e may terminate at
ono of these openings

The ur saes connceted
with one bronehnl ter-
munation do not com-

T16 152 —Termual bronehial tube sitha
group of aw sacs {sxccufl alveolares) or fobu
Jette connected with it (hutnan) » the termt
nai bronetual tube b the dilated extrematy of
the termipal bronehual tube ¢ e ¢ individual
pirssacs Ate e are seenthe openings of other
saes which be beneath those which are ex
posed sitsacs are seen com erging to the com
mon centre The marhings 1o the ar- saes de
note the boundares of the alveoh ({After
Waters )

mumeste with those of another each et of wur <aes s therefore o
hittle lobule, or ‘lobulette,” which, 1 fact represents the entire
arrangement of the lung snd 15 4 lung i mumnture ” In other
words, the lobulette of Woters represents what 18 now termed the

prunary lobule (J1g 152)
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mndividual observations ¢ The proper pulmonary tissu
betglms where the bronchial tubes fnd i W 1111am};' dmzia(rlr?in::?
ently
the lo
A very
for his 10vwie 13 made up of a series of branching and intercom
mumeating passages which termmate 1n the ulttmate atr cells of
the lung

‘ Those cells which communicate direetly with the bronchial
tubes and ntercellular Passages open mto them by large circular

cells extending from 1t to the surface of the lobule” (g 150)

A T HOUGHTON WATERS (1826-1912)

Under the caption ¢ Sub
division of the lobes of the
lung into lobules’ Waters
says ‘Lach lobe of the
lung 15 an agglomeration
of 4 number of small lob
ules, which represent the
organ on a small scale
The lobules are found n
every part of the lung
They are arranged almost
m 2 sumilar manner to
grapes on a branch, for
each 15 found 1n connection
with ~  bronchial tube
which may be considered
as 1ts stalk Lach lob
ule 1s enclosed in 'l,rshe'zth

—Ultimate bronchaal tube with  Which  consists of -~ con
nsI::- s:llfsl (sagiﬂrsiseolares) 2 ulumate densed areolar tissue 1n
bronchral tube b its dilated end the pant which a large amount of

the yellow elastic clement

de reunion of all the air sacs ¢ ¢ ¢ awrsaes
d d alveoli e e openings leading to other 15 found This sheath forms

atr saes f part of the wall of two air sacs tween

which are cut off Trom the lung of a cat ® Perfect septum be neen

(After Waters ) the lobules and 150l
them from each other

lobule
Waters here describes what 1s now termed a secondary
and his deseription differs but httle from that of Willis ‘ In some
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ammals 88 the eat the subdivision of the lobes 1nto lobules does
not exist whilst 10 others 2% the calf 1t 18 carned on 10 n VeTY
great extent the 1obules beng aery numerous and some of them
very small

In ~nother place he s1¥8 Lach secondAary obute of + 1obe has

end of the witimate bron
chial tube wineh forms
the pownt @€ reunmaon
(Tig 151) Each wr s1e Tic 157 _Term nal pronchisl fube sith 8
group of &1f sacs (saceul? alveolares) oF lobu
communieates with the W 3t (human) & the termt
ultimute bronetual tube v
by means of cirenlar
opening More than oné aar-sacs Ate ¢
o 526 MOY Yorminate ab aacs et he beneath those SUE &
osed sesacsdIe e converg ng to 1€ com
Th mon centre The markings in tle artsacs e
he ur s7C3 CODDCCth note the Loundaries of the alveol (\dter
with one bronehiat ter Waters)
mination do not com
mumeate with those of apother each sct of BT sacs 1 {herefore ¢
ittle lobule of 1obulette ahich 10 fact represents the entire
arrangement of the lung and 15 % Tung, 10 mininture In other
words the lobulette of Ty aters represents what 18 nO™ termed the
primary Tob le (F1g 152)

one of these openings
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JOSEPH GERLACH (1820-96)

If 2 section from a blown up and drred lung be examined under
the microseope numerous round or oval openings are seen which
are separated from each other by narrow bands of « fibrous sub
stance These openings correspond to sections of bladder like
bodies mto which the last of the little branches of the broneh
which ramify throughout the lung open Besides these opemngs
there are tube lihe bands which are half the size of the average
opening These tubes are nothing more than the final branching of
the broncht Each individual branch corresponds to a primary

T1c 153 —A Two primary lobules of the lung from
a newborn chuld with 1ts bronchiolus and end branches
of the pulmonary artery a broncholus b lateral

¢ terminalalieol X50
B Base of a lobule of the lung situated immed ately
beneath the pleura I'rom the lung of a cat X50

lobule of the lung which has the form of a short cone whose pomnt
i the form of f handle represents the shorter or longer bx;:m]
chiolus The bases of these primary lobules are seen clearly ;nnr ea(l
out only on the surface of a child s lung since the larger po]\) go:ut
areas which are scen on the surface of the adult lung mu(ri fo out
by more or less regularly distrtbuted pigment correspon: 10
secondary lobules which are formed from sev eral ﬁrxm‘?rg’mem s
The smnllest bronchi which Gerlach observed had a dlfmm P
01125 mm and the base of 2 primary lobule measure

lobule measured
mm to 0675 mm while the base of 2 sccom:;;ypnmmy lobule 15

f
f 18 to 27 mm Gerlach s figure o
prr'jlx:tlcnllx;l:;ne same as that of holliker vath the additton of the

pulmonary artery (Tig 153)



HISTORICAL BKETCH 187
FRANZ EILHARD SCHULZE (1840-1921)

Lach tung i~ supphed with a single bronchus which breaks up
into 1 series of thehotomous branches as soon as 1t has penetrated
mto the substance of the lung These branches pursue o straght
conrse until they reach a pouition near the surface of the lung Cach
of these branches gin es off laterally . in a spiral manner, stil smatter
branches which, mn turn, give off lateral branches that breek up

Tio 154-—Section of o cat's lung filfed and hardened nith aleohol 1, bron-
chiofluz b, mfundibulum ¢ transverse scction of an aliveolar passage, d, df,
fongitudinal section of au alveolar passage (After Schulze)

mto the terminal branches Thewe termunal branches, which have
o diameter of 03 to 02 mm, end in the respiratory eavities
These caities, whach al~o consist of round passages, undergo re-
peited subdivisions and finally end in funnel-shaped spaces—the
nfundibula Thewe passages do not, hike the bronchi, poscess un-
brohen walls but have smatler eavities openmg mto them—tbe
aheoh, niuch are closely set about them

Althourh Schulze recognized that more than one subdisizon of
the bronehial tree had alveoli along its walls, he conaidered them
05 one contnuous pasage snd gave to it the name alreolargang
(g 154



188 THE LUNG

Now for the first tune a name 1s given to that subdivision of the
bronchial tree which possesses 1lseols and 1s situated between the
last division of the bronchial tree that has smooth walls and an
nfundibulum

WILLIAM TURNER (1832-1916)

The diagram of Turner corresponds to the primary lobule of
Kolliker cut open longitudinally (Iig 155) Lhis consists of

T 155 — Sem: diagrammatsc
longitudinal section through an in
fundibulum b terminal bronchial
tube Ib lobular passage vv air
resicles iy the nucleated elastic
membranous wall of a vesicle 13
stown 2 pulmonary artery ¢ ¢
pulmopary capillartes e ciliated
epittehum e e tesselated epr
tlelum limng air cells (After
Turner }

termnal bronchial tube (b) which has dilated into an winfundibulum
the lumen of which he calls the lobular or alveolar passage (1b)
Lach lobular passage dilated both laterally and termnally into
alveols or arr tesicles (v)  The arr vesicles belongng to an indi
vidual infundibulum are separated from each other by septa_they
do not commumieate with each other but only with the Ioburitr
passage The air vesicles of one infundibulum do not

with those of adjoining infundibula but are separated from them
by o thin Inyer of connective tissue and blood capillares

GEORG EDUARD RINDFLEISCH (1836-1908)
Rimdfleisch studied the structure of the lung from corroston
preparations with the following resuls
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In the lobule studied (secondary lobule) a bronehus (sublobular
bronchus of Sappey) enters the lobule and mves off <even bron-
chioly, each of wiich mn turn divides into two very short bron-
chioh These small bronchiolt spread out into an arbonzation of
from three to five alveolengange which coltectively form a “jung
awcnus ¥ This acwmus 15,
according to Rindflersch,

2 much more constant ums,

of lung structure than the

lobule The lobule 1s not

consiant 1n mze, for two

lung acint may constitute =

fobule, on the other hand,

there are lobules 1 which

there are 20 to 30 aem

T'rom a pathological stand

pomt, the lobule 15 the

mate mmportant swee 1t 15

enclosed by connective tis-

sue and containg the ramt

fications of the blood ves-

sels Moreover, the wter

lobular conmective tassue

helps to restnet the spread

of emboly, infurets, ab-

scesses, ete  Although he

does not m s dingram

mdeate infundibula and

alveol 1 other places Fro 156 —Lobule of the Tung
Bindfleisch spenhs of m- (Rundfierseh )
fundibula and ahveolt with-

out mentioming their relntion to bis acmus (Tg 156)

Rindfleisch seems to have been the one nho established the term
‘acinus’ i deseriptions of the finer structure of the lung for
from tus time untl the present 1t 1~ still in use

JEAN MARTIN CHARCOT (1825-93)

Chareot bases s desemption of the mir spaces 1n the lung on
the lobule as desenbed by Rindflereh and ealled by hum o primary
lobule The bronehus which enters the lobule he terms the sub-
lobular bronchus wathin the lobule this gives nee to the ntra-
lobular bronek: nud the short branehes mto which the intralobular
bronchus divides he ¢ dls terminal dronchioles sinee they represent
the end of the bronelual system The orifices of the terminad bron
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chioles which face the surface open mto a system of eanals ealled
by Charcot emnaliculs and these collectively form lus seeondary
lobules which he docertbes as bemg separated from adjoming
lobules by 4 Jamelir of congective 4 sue wineh he s135 18 very
distinet i young children fess 50 1 the adult but can be recog
nized upan the base of the fobules sttuted just beneath the pleura

Here we find primary and seeondary lobules confused for the
true prunary lobules are not separated from each ather by connee
tive Lssue eten m the new born child

' v

Tt 157 —Dul nonary acinus of a newborn ¢l 1dd
sngected with wav I broaclwle ¥ branch of the
pulmonary artery kA alveoltr condutt A ratra
labtlarspace (Charcal }

harcot thinks that his term sceondary lobule 1s open to objee

“055 s0 he proposes to substitute for it the .nurjnc u;eg 1)13 I‘h}r’:g‘
flersch  putmonary acenws for some ol secondary ho :Ebl hat
athers eall promary Iobules therc are mdeed those who apply
term secondary lobule to only & part of the em!l;re ncm;x il the

Chareot says his pulmonary acius corre ponds encqt? M
e et Chasest e of » o

aters

:xt::;?ii?ﬁﬁ?%‘ﬁ 0§57) be studie 1 catefully 1t w 115 ap’pc'nlrsgz)y
correspond with the Jobulette of Y aters {sce B arcfs : szx‘;x:“cm
more closely than with that of Schulze Charcot entieiz
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term “lobulette,” nhich he says 12 inconmvement since 1t belongs to
no language m spite of its French sound

Attention 15 called o the dilated end of the tersmnal brcmehm&e‘
called, by Waters “pownt of re-umon,” by Charcot, “vestibule
It was ths use of the term “sestibule” that led me to drop 2t from
my onginal description

Teading out from this vestibule there 13 o cenes of condurls
alieolares or alveolar prssages (ahveolengiinge of Schulze) which
{erminate n o funnel-shaped evvaty, the mfundibulum of Rossignol
Extendmg from the vestibule through the center of the conduit

Tia 155 —Crom the lung of & sheep embryo 250
mm long a bronehiolus d slveolar passages
(Stieda ) xS0

there 13 a free space, which gives arcess to the lateral alveoli
whieh are upan the walls of the condwit and bear the name parietal
alteolt Charcot compares this dicpoation of the ar spaces to the
long corndors of 4 pricon nto which the Interally situnted cells
open Later he compares this srrangement to n Roman bouse, 10
whieh the central space corresponds to the umpluvium and the
aheol: to the cubreula

Not only are there terminal nfundibula, but there are nlo
lateral iefundibula which e with the dwit

Tinally, Charcot mentions that there can be seen by hugh amphe
fication, iiteralseolar spaces, but does not gnve an extended ae-
count of them

LUDWIG STIEDA (1837-1918)

¢ Lhe bronelu, after they have diided and branched frequently
pass finally over inte branches and srregularly pouched canals,
which end blindly —these are the alyeolengange of Sehulze” {Fag
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158) The smallest bronchioh from v hich these eanals arise do not
have smooth walls, but they hw ¢ numerous half round or sphenical
pouches—ah colr—placed close to one another, projecting from
the surface

e NI
/%/( /1} Y
3 ‘.
oz

A

F
Fie 159 —From the lung of a mouse Showing transition of small
bronchial branches mto bronchiol (a’, %) and snio alveolar passages
(d) (Stieda ) x60
The canals do not end blindly with funnel shaped expanstons,
and Stied agrees with Henle that the term infundibulum should be

dropped (g 159)

A

E LAGUESSE (1861-7)

The pulmonary parenchyma, or proper tissue of the lung, can
be separated wmnto lobules ’ Primary or simple lobules are defined
by Laguesse as those poly hedral areas which are marked out on the
surface of the lung by lines more or less pigmented, are bounded
within the lung by conneetnve tissue <ept, and are of a more or less
pyramdal shape These areas are usually called secondary Iobules,
but Laguesse considers them primary lobules

Into these lobules enters a sub-lobular bronchus which con-
tinues through the middle of the lobule until 1t has reached a point
nenr its center, where 1t divides into two prinetpal branches, wmtra-
lobular bronchi During 1ts course through 't‘he Ilobuzc 1‘1‘.‘§u'e‘s oI}‘

a numbe
thard of
and grve

ool
br les or br
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Each terminal bronchiole (bronehot ) ends 1n a dense
cluster of <hort \udc branches beanng numerous alyeolt Lach
cluster forms an acinus wlich corresponds to the acinus of Rind

flerseh and Chareot but 15 much more complicated than that of
Schulze

The broncliole dewr euse has seattered alvecl along its walls
Pre ently this broncluole enlarges 1ts walls become thinner and
alveoh appear on practically the entire eircumference of the bron
elnole 1t 13 now ealled after the nomenclature of Schulze an
alveolar eanal (aiveolargang) The e alveolar canals continue to
divife several times and eventually end i o «mple cul fe sac
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Sometimes these alveolar canals which abut against the pleura
terminate m a club-shaped dilatation (Fig 160)

The passage of the bronchiole mto an alveolar duct 1s not abrupt
and the last bronchial branches possess transitional charactenstics
which are found not only upon the bronchiole acineuse but often on
1ts preceding branch These transitional bronchioles bear alveolt

e
e
>

7
S

b w &

— hiolus respiratorius brr and two
\ Bman?xgmf:‘lomecsl'npe dog (Kolhker) X85
sc of the acinus they have be}e:n l?gthl:]}t,

but Laguesse thimks tha
termed by Kolliker bronchuolt respuratoriy
Iggllll\er 1}; wrong when he includes it thas division of thedbrux;c}:;tl
tree those bronchioles which do not possess alveolt lnn darm ot
hined with a muxed epithehum consisting of cuboidal and simp!
respiratory epithelium

R (1817-1905)

RUDOLPH ALBERT KOLLIKER ( ,

Fra 16
alveolengangt

which are smaller than tho
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where cartilages and glan is disappeared from the bronehy the
types of epithehium and the finer diisions of the bronehial tree
In this <ection only the subdivi 10ns of the bronchiil tree wall be
considered the others having alrendy been diseus ed m preceding
seclions

When the bronchiol have been reduced to + diameter of one ml

himeter 2 change mn their structure tahes place They no longer
wmuntun o eylindrieal outline but  with inereasing numbers,
alieoh appear on thewr wafls On account of ts change 1 the
character of the bronchioh holliher gives to this subdin on the
name respiratory bronehioles (bronel wly resparatorti)  \fter 2 longer
or shorter coure they are conbinued as the Neolenginge of
Schulze (duel s alrcolares) and eventually en 1in an tnfundibulum



196 THE LUNG

s term which he had formerly discarded as mncorrect We now hay e
the elongated alveolengange of Behulze drvided mnto two distimet
portions  bronchiol respiratorse and ductuly alieolares nd 2 new
conception of bronchial architecture (Fig 161) Whatever entiersm
may be brought aganst us deseription of the eprthelium belonging
to the bronchioli respiratorn none ean he brought agamst hie
recogmtion of this new subdivision of the broncheal tree

The order of the finer divisions of the bronchial tree are with
this new subdivision bronchuoly bronefuolt respiratorn  ductuly
alieolares nf (ndibula tins Iatter term to be eventually replaced by
sacculy alieolares (Tng 162)

HENRI BERDAL (1864-?)

Accordmg to the description of Rindflersch and of Chareot the
sublobular bronchus enters the lobule and follows 1ts axis from the
summit to the viemty of
the base where 1t termt
nates 1 4 bifureation In
this course the sublobular
bronchus having hecome
2 the untralodular branchus

gives nise to alternating

lateral bronehi intralobular

bronchioles of the second

order which ean divide 1

certun number of times

and finally terminate by

very short condwts desig

nated under the name of

1 acinal bronchr  Lach of
these last rumifications

1

NN

s leads mnto a group of alveolt
who eensemble constitutes
a pulmonary acinus (Fig
163}
Fre 13 —B8cl eme to stow the configu o studsing the course

ration of t e pulmonary fobule I pre lobutir o

bronchus 2 pntm lobular;:ronchuiﬁl da?) Glf\ tlhelL “ll?;r'z‘l(;} L}lll;m‘re b:c:n
of the lung {Berd»! chial

pusbronchus 3 3¢ 72 that the ultimate dnasion

imal bronchus which

4 by 5 termnal condwt the ac S o sch

between the bronchial system and the
- be after o very short course contracts
d to form a hind of funnel to whieb
n Trom this funnel go out

was represente
marhs the boun!
system Thys bronchial tul
to spread abruptly Tl shape
the name of teshoule has been gue
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three four or five conduits the aleolar condurts which turn anay
from each other at very acute angles 1n a manner s to represent
a hind of bouquet domunated by the acinal bronchus, and whose
ensemble constitutes 2 pulmonary acinus which we can compare
with the pulmonary lobule it<elf In fact the acinus has the form
of a pyramid whose summit ts suspended from a sort of pedicule
represented by the acinal bronchus and whose base faces the
periphery (g 164) In s gencral appearance the acinus differs

a
7 LS

Ap

é~

T16 164 —Scheme of pulmonary acinus = alveolar

conduits b acinal bronchus ¢ vestibule d iateral

mnfundibula e terminalinfundibula Ap pulmonary

aemus (Berdal }
little from that of the lobule but 1s much smaller measuring only
about one millimeter 1n diameter In the same manner as the lob-
ule the acinus 1s separated from the neighborng acini by - connec
tive tissue capsule a great deal less marked 1t 1s true but distinet
enough to assure A relative independence to the acinus This pen
acinal connective tissue abundant enough 1n the chuld 15 reduced
considerably 1n the adult in the same manner as the perllobular
connective tissue will disappear in the aged at the powmnt where the
fobules come in contact I'mally m the same manner as the <ub
lobular bronchus dominates mn the lobule  an arex elearly cireum
<enibed and enjoying an almost complete mdependence <o the
acinus bronchus supports a small alveolar sistem well defined as
to boundary from the functional pomt of view  (Joffroy )



196 THE LUNG

a term which he had formerly disearded as mcorreet We now huse
the clongated alveolengange of Schulze divided into tnwo distinet
porttons, bronehiol respiratorn and ductul alteolares, and o new
conception of bronchial arclutecture (Fig 161) Whatever enticism
my be brought aganst his deseription of the epithelium belonging
to the bronchioli respiratorn, none can be brought agunst hie
recogmtion of this new subdiviston of the bronehal tree

The order of the finer divisions of the bronchial tree ae, with
this nen <ubdision bronekiolt, bronchioli resptratorn, ductuls
altcolares wnfundibula this latter term to be eventunlly replaced by
saccule alteolares (g 162)

HENRI BERDAL (1864-")

According to the deseription of Rindfletsch and of Charcot, the
sublobular bronchus enters the lobule and follows 1ts axis from the
summib to the viematy of

1 the base where it termm

nates i a bifureation In
this course the sublobular
bronchus, having become
the anfralobular bronchus
gives nse to alterpating
Interal bronehu ntralobular
bronchioles of the sccond
order which cwn divde v
cerfun number of times
and finally termmate by
very <hort conduits desig
nated under the name of
acinal bronehr  T'ach of
2 these last ramifieations
leads 1nto « group of ~lveols
whose ensemble constitutes
« pulmonary temus (Fig

N NSNS

16%)

I1a 163 -~Scl eme to show the confign .
ration af the putmonarylobutle 1 pre lobular In 5"“"5“’:[)“110 C[""g e
bronchus © intra lobulr bronchus 1 ac  of the mtralobular bron
nusbronchus 3 nemnusof t! e lung (Berdal) chial tube we have seen
that the ultmate drnuston

was represented by « termnal conduzt, the acinal bronchus which
marks the boundary between the bronehnl sy stem and the alycolar
system This bronelinl tube, after o very short course, contracts
to spread abruptly, bell shaped, to form t land of funnel to which
the name of testibule has been gnen lrom this funne} go out



STOR;c4y, SKETCH 197
three four or five condutg the ar,
er

alieolqy Conduyts v hieh turn 2way
from cch ot lery acute angles 4, a
* hind of u

ue
ensemple COnstitypes % pu
With the pulmomr; lobule tself T,
03

CINUS fg the fo,
Py ramyq hose Summyt ), Suspendeq f, Tt of Pedieyly
TePresenteq by the Cinal |}, chus d W hos Se faces ),
Periphery (ig 164) nerq] T inee g g g, TS
7 +
b
c
Ap
d-
e

Tic lﬁl\sdxen e ofpulmonur} aciny, alveolyy
cond g5 ony

s a
acinal by,  Vest byle d Iaters
fundibyg e SrMalinfyng bula A Pulmongyy,
A nyy (Herdal)

bug 55 Much smalley measunng only
Ameter 1 the
'0;

T ) 5% anner ng the Io)y
ule ¢, acinyg Prated gy, nclghborm ni 2 conneg
tie Ussue €psule o 8reat dey) rhed t, bug distiney
enough ¢, 288, ¢ ing lence ¢ h nus e pen
eing) COlneetyy tissue 4 Undany enough , th Teduceq
consldembly1 t; 1t me e penlobular
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Let us now return to the deseription of the different parts which
enter mto the composition of the acinus The acinus bronchus and
the vestibule are completely smooth on the contrary, the alveolar
conduits present embossed walls covered w1th depressions separated
by dehieate walls which are deseribed under the name of pulmonary
aleeols Following the well known companson of Charcot, the
alveolt open 1mto the alveolar conduits 1n the manner of cells 1n the
central corndor of a prison

Communieations of the alyveoli depending upon the same als eolar
conduit are very eastly acquired, for they are separated only by
rudimentary walls, on the contrary, the alveol of a condwit do not
communicate with the alveoh of the neighboring conduit

Besides the simple alveoli, the walls of the alveolar conduits
present larger depressions that termmate 1n a cul de sac, wheeh 1s
also covered with alveoli These groups of alveoh are known under
the name of wnfundibule and, according as they occupy the
termunal extremuty or the walls of the alveolar conduits they are
called lerminal or parietal mfundibula

After having made the analysis of the lung 1 going from the
lobule to the acmus and to the alveols, 1t 1s fittng to follow the
mverse course and to reconstruct this organ by gomg from the
alveol towards the lobule In proceeding thus we see that

a) Each alveolar conduit p under 1ts dependence 1 cer
tam number of sumple or compound alieoh (nfundibula) and
forms the primitive lobule of the lung (Sappey)

b) The primitive lobules to the number of four or five form 2
cluster suspended from the acinus bronchus a pulmonary acinus

¢) Fmally, the acim1 reunite to the mumber of fifteen or eighteen
to constitute the pulmonary lobule (secondary lobule) We have
already mdicated how the lobules by their reunton come to form
the lobes of the lung N

1 have given quite fully a free translation of Berdal's description,
beeause he gives so complete an account of the structure of the
lung from the standpomt of the French histologists

A NICOLAS (=%}

The lung can be resolved mto a lnrge number of independent se
ments termed lobules When the broncht through subdivision

11y does not exceed 1 mm , they
have att-uned a calibre wluch usually S e

enetrate mnto the lobules and are t
l}Each Intralobular bronchus continues to divide and gies orllgm I}o
from ten to fourteen small branches—the fermanal bm"lf’léo :3{ . nf]’
to this pomnt the bronchial canals are regularly cyllﬂd";ﬂ 3 "S‘O!J‘Cd
this pomt small hemispherical emnences ppear, at firs
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and less numerous, then more 1nd more abundant unhi finally
they are so numerous that they abut aganst each other These
enunences correspond to small pochets i the v 4il of the bronchiole
which commurucate freely with the lumen of the bronchwole they
constitute the alveols and guve to this part of the bronchial tree
the name bronchiolus respiralorius

After a Jonger or shorter course each termmal respiratory bron
chiole dilates 1nto & small eavity or reshibule from which from
three to sw alieolar condurls anse These may remamn undivided or
they mny subdivide <everal times but all eventually termunaten 4

.

v
form aspect

Nicolas sums up the successise tracts through which the awr
passes to reach the bottom of the pulmonary spparatus where the

alveoh are found on the last three segments and a portion of the
terminal brovchiole Although Nicolas mahes frec use of my din
grams and recenstructton from the lung of the dog lis description
13 based largely on corrosion preparations which shon how mn
definite and practically useless such preparations are for studyng
the miute structure of the lung

H LOESCHCKE (1882-7)

Locschehe dlustrates by means
of 2 corroston an isolated acinus
or arbor alveolarts as named by
F E S8chulze The stem of the
cluster 15 formed by a dronchiolus
terus  termnalis which  divides
el )y w tno broachiol
respiratorn from which go out al
veolengange of one two and some
times three orders and end m 4
blindsac the saccufusalveolaris on
the surface of the acinus (Fig 165)

His figure 1s one of the best ne
have of a corroston preparation ‘th 165 —Tsolated acinus from

@ human lung Inmected =ub
but 1t does not show the structure  1ood s metal Showing the branch
of the lung correctly No method ing of an end bronchus  within
of muvestigating the lung gives so  the acinus (After Loeschehe ) X6
vared and erroneous an ides of its strueture
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name, alieolargang (alveolar passage), to that subdivision of the
bronehual tree which had alveoh opening out from 1its lumen and
terminated in what, at that time, was called an mfundibulum

Rumndflesseh introduced the term actnus for the group of three
to five alveolengange which were connected with the final sub
dwision of the bronchial tree The acinus 15 considered the unit of
lung structure by many authors

Kolliker 1 1881 subdivided the long alveolargang of Schulze
mto a proximal portion, the bronchiolus respiratorius (respiratory
bronchiole), and a distal portion, for which he retamed the term
alieolargang ongnally given by Schulze to the entire length

Grethmann 1n 1935 returned to the old 1dea that sections pass
ng through as many air spaces connected with one another as pos-
sible, explained the structure of the lung He deprecated the con-
struction of models, saying that they were unhandy “and liable to
breakage,” and “ayailable only to a very restricted number of those
interested ” He advocated the use of “1deal longitudnal sersal sec
tioms, that 15, sections cut 1n the longitudinal plane of the termnal
bronehial endings
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an acinus; neither does it represent a primary lobule. Within the

lobule branches of the pulmonary artery are indicated in solig
black,

By studying the tracing, one can easily understand the mis-

conception of Iung structure which the older authors received

‘%/E\,:a\
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H . N .
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i 1) dary Jobule situated
Fie 167.—Camers lucida tracing of a secon Jobu
55 "x:“ below the pleura of the hli\]x.nan Iugg Tgxe :}:;::nt%) ;at i;:x%:zﬁxf
tions, each 40x thick. This was done in t
‘c’lruito‘;-: cs::h;n;e’shnwn ﬂ:‘mug'haut 1ts whele length. For deseription see
text X415

from the study of single sections that'included as many air spaces

as 7{s taken (I am

by 70 mm.), I
?ocl(md an “acipus” (Fii 168) which corre§ponds to Braus' repro-
duction of Loeschcke’s corrosion of an acinus.
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