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of Kolliker:*® In hisearlier work he rejects the very
misleading term “infundibulum,” introduced by Ro
signol,® but in his later publication he returns to its
us *

He figures (Fig. 3238) the final division of the bronchus
as ending in a single elongated cavity into which a vari-

ection of a G
b, infun =
. mm"ltuumul

able number of alveoli open: these alveoli appear as
elevations on the central cavity (infundibulum). The
“alv coLu passage” of later pubhcwru'n has also
numerous alveoli opening into it (Fig. 3239).

It is important to note one rificant point in Kolliker’
description of this alveolar passage, and that is the pr
ence of smooth muscle. He
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found no oth m!;\c lc in Ju; W al]\ of the ;J\Luh or in
those of the infundibulum.

The work of Waters ® is not so well known to Ameri-
can readers as it deserves to be. He umudmxd the term
“gir-sac” in the place of the misnomer “infundibulum,”
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As the result of his investigations Miller+® found that
the last branch of the bronchus, which he calls the *ter-
minal bronchus,” before breaking up into the parenchyma
of the lung becomes somew hat dilated at its distal ex-
tremity. Connected with this expansion of the terminal
bronchus (Fig. 8251) there are from three to six nearly

spherical cavities, the atria. Each atrium communi-
on the one hand, by mes of a mearly circular

with the terminal bronc ; on the other hand,

- similar-shaped openings, with a variable number of

r and more ir £ \lmlwd cavities (air-sacs),
rhich h"l"'(' small projections from their surface (alveoli,

From tm-, description it will be seen that the air-sacs
do not communic .m directly with the terminal bronchus,

as i3 usually described, but
sorminal bronchus there is interpo
ant 11; all parts of the lu
<)

The presence of the atrium has been confirmed by
Justesen 33 in the lung of the ox; by Councilman,!® who
found it to be “the starting-point of most of the focal
poneumonias of children;” and later, by Miller, whose in-
vestigations have shown its presence in the lung of the
cat, dog, calf, child,
and man (Figs.

3243-3247).

The atrium must
not be confused
with > alveolar
passage of Kolliker
or of Schulze. In
each in:mn(-u the
alveolar pas
contains
muscle, \\'hi]e: i?
absent from the
walls of the atrium.

The atrium is
smaller than the air-
3 and, like the
bl onchus

G has G. 3248, ructior
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The structure of
the terminal bronchus agrees with that of the alveolar
passage of Kolliker and the distal portion of that of
Schulze. It is tube-like and has a large number of air-
cells opening into it. Tt possesses a very distinct layer
of smooth muscle which forms a ring about the openings
which lead into the atria, in the same manner as Kalliker
described it to be present about the openings of his in-
fundibula.

The epithelium of the terminal bronchus shows a tran-
sition from a low cubical type, in its proximal portion,
to simple squamous epithelium (respiratory epithelium)
in its distal portion. As Kblliker "2 pointed out, this
transition is often.quite irregular. Ciliated epithelium,
goblet cells, and glandsarea 1t in the terminal bronchi.

The form of the air-sacs is difficult to comprehend

om the study of single sections because of their great

ilarity both in size and in form. In the figures of
Kolliker, Waters, and Schulze the air sacs (infundibula)
areshown ashaving an elongated form. Luschka 43 states
that the air-sacs just beneath the pleura are more rounded
than tho \L‘\;le'ed deeperin the lung. DMiller did not
his to be true.
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that of the *“Nomenclatur-Commission an die Anato-
mische Gesellschaft” (B. N. A.).1®

Miller. | B.N.A. 1 Schafer. |  Schulze. | Kolliker.

Bronchus| Bronchiolus|Bronehial ]

G respifac  tube [Alveolar-|Alveolar-

torius. | o
Terminal| Ductulus al-| Lobular bron-| | gang. HENE

bronchus.| veolaris. chus.

Atrium .... . 3 § . ElE
Air-sac. Air-sac .... 7 (Infundibulum Inlt;tl-lilidlhu

Air-cell ....| Alveolus pul-| Aircell......| Alveole...... Alveole.
monis. |

Recognizing that the B. N. A. is a decided advance in
anatomiecal nomenclature Miller %9 recommends the dis-
carding of all previous nomenclature, the retention of all
names given under the heading “Pulmo ” (B. N. A., p. 59)
down to “Ductuli alveo 7 and the insertion, then, of

“Sacculi alveolares,
The nomenclature would thus be made uniformand the
objectionable term “infundibulum ” would be discarded.
The finer division of the lung would then be:

B.N. A, English.
Bronchioli.
Bronchioli respiratorii.
Ductuli alveolares. | Terminal brorn
Atria. | Atria.
Saceuli alveolares. | Air-sacs.
Alveoli pulmonis. | Air-cells.

The work of Hansemann ** has added fresh interest to
the question of open communications between the air-
sacs. Kohn % called attention to the fact that in pneu-
monia fibres of fibrin could be traced from one alveolus
into another through small openings in the walls of the
alveoli. Hedid not consider these openings fo be normal,
but the result of the pathologica C The investiga-
tions of Ribbert,?3 Herbig,* Bezzola,!” Aigner,* von Eb-
ner,!? and Miller #? support him in this position. On the
other hand, Hauser?® and Hansemann *3» 2 maintain that
these openings are normal structures. 3

That these openings exist was known long before the
announcement of Kohn. In the first edition of the
HaxpBook (Vol. IX., p. 572) Miller ecalled attention to
the statement of Henle in the same words used in the
present edition. “He (Henle) desceribes communications
between air-cells, but considers them anomali He
found them in the lungs of old people and attributed
them to the results of atrophy and absorption of the lung
tissue.” The observation of Henle is correct. It isin
thelungs of old individuals and animals that these so-
called “pores” are best seen. In young individuals and
animals they are not common. At birth, and uatil some
unusual strain yut upon the lung, no pores are present.

The method used by Hansemann *2 to demonstrate these
pores is very faulty, as Aigner* has pointed out. More-
over, but little importance should be placed on Hanse-
mann’s illustrations, because they merely show that a
solution of gelatin containing a large quantity of water
will easily filter through the walls of the alveoli under a
low pressure.

The study of these so-called “pores” leads naturally
to the consideration of the structure of the walls of the
air-sacs. These are thin and contain the capillary net-
work of blood-vessels, elastic fibres, and reticulum,
ered over by a layer of epithelium.

That the air-spacesare lined with a layer of epithelium
every histologist now acknowledges, although the time
is not so very distant when the presence of an epithelium
was strenuously denied. At present the question is not
in regard to the presence or absence of a pulmonary epi-
thelium, but as to what are the shape, size, and arrange-
ment of the epithelium; what isits relation to the struct-
ures it covers; is it, after all, a continuous epithelium?
It will be impossible to answer these guestions in the
present article. 3 ¥

Elenz 2° says that in all mammals investigated by him
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the epithelium of the lung consisted of small cells in the
form of “cell islands and large, membranc-ll}&e i egular
plates.” Kblliker?%¢ also desecribes the epithelium as
consisting “of two ty pes—a small, nucleated, flat, polyg-
onal, protoplasmic cell from 7 to 15 in diameter, which
is situated in the mesh of the capillaries, and large, ir-
regular-shaped, generally nucleated, quite thin plates
from 22 to 45 in diameter, which lie over the blood-
vessels, but can also extend into their mesh.”

Elenz 2 attached much importance to the clusters of
small cells which he called “islands,” and he described
them as small, round, nucleated cells having a granular
appearance; from one to fourteen cells were found in
each island.

This holds true for very young animals, but in old
animals they usually occur as single cells. In young
kittens, for example, from six to twelve cells form a
group, while in older animals the number is less (Fig.
3250). By actual count of a large number of equal areas
in the lung of kittens and that of old cats the ratio was
found to be five to three, showing a lessening of nearly
one-half in the old cats.

In kittens the groups of small cells were guite uni-
formly distributed throughout the alveoli, while in old
cats tiley were absent from the bottom of the alveoli, be-
ing found for the most part along the edges where the
alveoli open into the air-sacs.

In studying the epithelium of theair-sacs in connection
with the question whether “ pores” are normal structures,
it was found by Miller that in young kittens, for some
length of time after birth, no openings (pores) could be
found ; when they were found in young cats they gave
every appearance of having been caused by violence to
the animal or by over-distention of the lung. In old cats
they were more numerous, and were probably due to the
concomitant changes of old age. The opinion already
expressed is reiterated here, namely: “ pores” are not to
be considered normal structures.

The description of the epithelium given above is very
superficial, and is by no means to be taken as the final so-
lution of the problem.

PuLMoNARY ARTERY.—The pulmonary artery in its
ramifications within the lung follows the subdivisions of
the bronchi. At first the artery and bronchus have

F1G. 3250.—Epithelium from an Alveolus of a Young Cat. The small
granular eells and plates are shown. The significance of
the scattered nuelel in the large plates has not been determined as
yet. (Miller.)

nearly the same diameter, but the artery diminishes much
more rapidly in size than the bronchus, so that by the time
it reaches the lobule it is about one-fourth or one-fifth
the size of the terminal bronchus. It is usually stated
that the artery, as it approaches its ultimate ending, di-
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wvides much more frequently than the bronchus. This
would hold true for the old conception of the lung.

It has already been pointed out how the tgrminal
bronchus gives rise to the atria, the atria to the air-sacs,
and that these collectively form the lobule. When the

F16. 3251.—Schematic Section of a Lobule of the Lung showing the
Relation of the Blood-vessels to the Air Spaces. b.r.. Bronehiolus
respiratorius; d.al., ductulus alveolaris (the letters al. are in the
widened distal end); a second ductulus alveolaris is shown cut off;
a, a, a, atria: s.al., s.al., sacculi alveola ; a.p., a.p., alveoli
puhnu_m’a art., pulmonary artery with its branches to the atria and
saceuli pulmons vein with its branches from the pleura (1), the
ductulus alveolaris (2), and the place where the bronchiolus respira-
torius divides into the two duectuli alveolares (3). (After Miller.t2, d)

artery reaches a point distal to the terminal bronchus it
breaks up into as many branches as there are atria (Fig.
3251). Sometimes we find a special branch given off from

just before it enters the lobule which supplies
the more dependent of the air-sacs (Fig. . Each of
the atrial arteries, after giving off twigs to the walls of
itsatrium, breaks up into small branches which run in the
sulci between the air cells, are distributed to the cen-
tral * side of the air sac, and end in a capillary network
from which most of the pulmonary veins take their
origin (Fig. 3251).

It is guite rare to find the pulmonary artery appearing
on the periphery of a lobule or on the surface of the
pleura. Anastomoses between branches of the pulmo-
nary artery occur very exceptionally.

CaprrLLARIES.—The capillaries into which the pulmo-
nary artery breaks up form within the lung a very close
network, the mesh of which, as Schulze® has poinfed
out, is exceedingly small, often less than the diameter of
the capillaries that bound it.

From this capillary network venous radicles are formed
which are situated on the opposite side of the air-sac from
the artery. From the last point where the arterial radicles
can be recognized to the first point where the venous
radicles can be distinguished there are usually from
twenty to twenty-five capillary loops.

This network of capillaries ituated within the walls
of the air-sacs and, as already stated, forms a part of them.
As Rainey * pointed out, only a single network is found
in any given wall: the network is, therefore, common to
two cr more adjacent air-sacs.

Just beneath the pleura the mesh of the capillary net-
work is much wider than that within the lung. the pro-
portion being nearly four to one.

VEeixs.—The veins are, with an exception to be noted
later, always situated on the periphery of the lobule, while
the arteries are within the lobule (Figs. 3251 and 3244).

* | use ** ecentral ’ to designate that part of the air-sac which is near-
est to the centre of the lobule. ** peripheral > for that which is most
distal.

The pulmonary veins can be traced to three separate
sources.

(@) The capillary network into which the pulmonary
artery breaks up.

(6) The capillary network of the pleura.

(¢) The capillary network in the walls of the bronchi.

(&) is in fact a subdivision of (), but it is convenient
to consider it separately, owing to its peculiar situation.

Veins Arising from the Capillary Network of the Pul-
monary Artery.—The radicles of these veins arise from
the capillary network just described and are situated on
the peripheral side of the air-sacs. They do not run be-
tween the air-cells, as the arterial radicles do, but over
the air-cells.* The greater part of the pulmonary veins
have their origin from this network, and the trunks thus
formed are found on the periphery of the lobule (Figs.
3244 and 3251).

Veins Arising from the Capillary Network of the Pleura.
—Exceptionally, the pulmonary artery reaches the
pleura; when this occurs it at once breaks up into capil-
laries which take part in the formation of the network to
be described; usually, the pulmonary artery breaks up
into capillaries before it reaches the pleura. These capil-
laries unite to form a wide-meshed network on the pleural
side of the air-sacs and give rise fo venous radicles. As
a rule two, three, sometimes four, of these radicles unite
to form a small vein just beneath the pleura, which at
once passes along the periphery of a lobule to the deeper
part of the lung, receiving on its way small veins which
come from the air-sacs (Fig. 3251, 1). Anasftomoses be-
tween the capillaries of the pleura are very numerous;
consequently blood brought to the pleura by any given
artery may be returned by several different veins.

This pleural network of capillaries has been described
as being derived from the bronchial artery by Kiittner,*®
Zuckerkandl,™ and others. A careful study of the ques-
tion, and of the illustrations of actual sections given by
the author of this article in a previous publication
(Miller+%4) will convince the reader, I feel certain, of the
error of their statement.

Along the margins of the lung the radicles of the pul-
monary veins are very distinct and superficial, and are
often mistaken
for other ves-
sels.
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lary Network in
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vessels, the
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is elongated in

the long axis of

the bronchi.

Wherever a
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off, be it from

the main bron-

chus or fromany

of its branches e =

3 s f e 3. 3252.—8che T

some of these Catat Rignt fﬁﬁglf’ftﬁhﬁ;‘c’%‘alf OfT}SneaIE%B;%

capillarie unite haded ; the vein on the periphery is in oui-

on opposite sides The first scheme of the lung construet-

of the bronchus ed by Miller. It shows the me arrange-

to form small me-m ui'daur spaces as in Fig E 51, am:'l also a
A small branch of the pulmonary artery that is

radicles, and frequently given off just as the artery enters

these in turn the lobule. (After Miller.4*)

unite to form a

small vein, which immediately receives other radicles

coming from the adjoining air-sacs. Two veins are thus

* See Journal of Morphology, vol. viii., pl. vii., Fig. 16.
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, one on either side of the bronchus, which, ran-
betw een. tlu 10!;11Et~::, soon join one of the venous
trunks -I
By the gi o ff of » venous radicles at each plﬁu
where i]u; bronchus ‘divides, the bronchial network of
capillaries becomes so diminished that when the ductuli
alveolares (terminal bronchi) are reached it is reduced to
pillaries, which at the end of each du
take part in the wo small veins in the s
manner as those just 1t the branching of the
The two small v s thus formed are the only
C md within the lobu : C s are on the per-
iphery of thelobule. Thes on their way out,
~mﬂl branches from the adjoining s and eve
of the veins on the }wPllphvi\'nt the lobule (F
The bronchial vessels do not extend beyond
1li alveola
Zuckerkandl 1 sels arisi from
the brone but their = liffere from 1i|<
described veins; ¢ if quite apy
lentity of some of the vessels \\Lnn he de-

In an article L( bar Pm umonia ” Smith % advances
some pv: ul hu‘ i
iQ

.' 2tween &
derived from the pulmenary artery;
nutritive vessels,” derived from the bronchial

very grave error is contained in the above state-
who has made a study ut the lung will
Il is difficult to understand how the error
. A careful consic on of the precedir 1
seription of the blood-vessels will make the rela
they bear to the air-saes and to each other clear, and show
the fallacy of his statement.
LyremaTtics.—Olof Rudbe i scribed the Iym-
phaties of the lung in 1651-54. e saw them on the
o of a dogand Iimuffl t that they oper ed into the cavity
of the heart. Willis™ s > supe 11 iymphaties of
the lung of a calf and gave ry geod illustration of
them.
Mas 48 2% 'ihed two sets of
lymph 8 pT t > lung—a nperﬁ(_-inl
1 = i ch other.
htion almost who 11y to the super-
but little d‘hunr the al-- sef.

the T L l\m]wlan(at
om fine l\mm* c z‘vﬂ]m es si ted i me walls

2 1O

g from the sub-
trunks which

f lymph
Lh(_‘ two

in close communication everywhere. Each lobule of the

rounded by lymph vessels, which are arranged
in such a manner that they form a metwork between
adjacent lobules in much the same manner as the blood
capillaries do between adjacent air sacs

Klein ¢ divides the ly n,lnl.mh into rluw ts:

(u} Lympbhatics of the alveoli.

(b) Lympbhatics of the !num 111

(¢) Lymphatics of the pleur 2

Most of the lymphatics lnl mging to the first set ac-
company the branches of the pulmonary artery and vein.
They arise ym irregular spaces in the walls of the air
sacs and are “ provid h a special endothelial wall.”

The lymphatics of the second set are found in the walls
of the bronchiand ¢ te with the larger lymphatic
trunks ;1!i(».1t the blood-vessels.

1 set are found in the pleura and connect with
et on the one nd, and on the other
with the ph al cavity by means of stomata.

von W 11L ~h** found that if he allowed a solution of

licotate of soda to drop slowly into the trachea of
animals and killed them r an intérval of two
i lun stage of deep expira-
and there lacunge
similar to those ¢ 3 i could be seen.
The injection of a solutio f silver nitrate, on the other
hand, failed to demonstr: stigmata or stomata between
the epithel cells li the air spaces, although the
intercellular substance was well stained. He considered
the network of blue lines which he obtained by the first
method be a coloration of the intercellular substance
ed the tesults obtained by Kiittner-e to the

same cause.

Councilman * found t of lymphatics accompanyir
the ]‘nulmuimn artery, and a second set which was situ
ated in the connective-ti ind 'tc\nu(l the }\m—
phaties of the pleura. V. alves were four
toward the pleura. He failed to find any I3
about the veir He considered that the second
1\‘mp1n “play.an important part in the pathology of

the lung, for it anndm‘hudi\ by this route that infec-
tions in the centre of the lung extend to the pleura.”

The latest investigations of the lymphaties are those
of Miller:4% &4

He classi them as follows

() Lympha of the ‘w-m;h‘

() Lymphatics of the urr

Lymphatics of the vei
:s of the pi %
s of the Bron 1 preparatic in which
fully injected and oceca-
number o i
h

3 s to form
]Lwllhw'rl wche .L\nnu—
imber of 1y .‘.1;_)11 nodes
sifurcation. Valves are
number and open toward

'\\u.]\ \\]mn tl ey I
> bronchioli. In the te
reduced

(_\1
ins which arise
artery. Distal
lymphatics are present.
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This statement of Miller has been confirmed bv Teich-
mann. %@ §
Lymphatics also pass from the bronchial network to
the veins which arise from the place where the bronchi
divide and to the puln](\lldl‘\' artery. We have then, at
the place where bronchi divide, the same arrangement as
at the terminal bronchus, namely, two lymphatics pass-
ing to the veins and one to the artery. This e*mp]m-’-
:t that in order to comprehend the distribution of
Iy mph itics the arrangement of the blood-vesselsmust
- understood (see Fig. 3251).
mphatics lm'\( ibed by Sikorsky ¢+ as
cells lining the bronchi
and (-c-n*.nmui:-u ng on the one hand with the deeper
lymphatics of the bi mldn and on the other with the
lumen of the bronchus. S rsky * @ in his later paper
id ¥ abandoned tl v of open communication
between the lymphati and the bronchial eavity. A
somewhat similar condition has been described by Klein
under the name of “ pseudo-stomata.” Neither of these
statements was confirmed by Mil a
Wherever lymphatics unite tri
1 are found. These lacunz a
the forking of the bronchi

!
and others.
nent, when present, is found alo the lymphati
bronchi; at the forking of ¢ ronchi it is =
ciated with the lacuns and !_\'111;']mi|.1 t e found
often completely obscuring them from view.

Valves are prvsem in the lymphatics of the larger
bronchi, but are absent in those of the finer divisions of
the brone hm] tree.

tes.—We have seen in the pre-
account that the network of lymphatics in the
walls of the bronchi gradually diminishes until in each
terminal bronchus there remain only thr
one of which joins the lymphatics about tk \

Not only is there a communication between the bron-
chial and arterial lymphatics at the terminal bronehi, but
there is also one at the place where branching of a bron-
chus takes place.

The larger branches of the pulmonary artery have s

I Thes
situated on opposite sides of the ar 1y, and are so placed
that one of them lies between it and the bronchus. The
two main lymphati wre connected together by numer-
ous loops, and -meshed network is
ir-lmul abmn

of 1i1<' :11“[
arteries mnl\ a si
them. "
itand t S.
Lymphaties of the V. "he two remaini
phatics which ar
on either side. to the small
place, _U,J 1.‘ﬂ 1sually more

bronchi: xl network to the veins whi
1 br \'.'ltli divi We hav

els as

'nn"lcrim

€ s but a single
mpanying tl iile the la
s trunks have two, and ofte e, main lympl
These are connected t er by numerous loops,
there is thus formed a network h a long mesh.
Pigment may be present abo he lymph vessels ac-

companying the veins, but not so abundantly as about
the arterial lymph vessels. ¥
Wywodzoil,"® Klein,** and other authors describe the
lymphatics about the pulmonary artery and vein as hav-
ing their origin in fine canals, which are situnated in the
walls of the air-sacs of the lung. In thestudy by Miller,
dy referred to, he shows that the appearances on
-h they based Lhcn' Lomlu-,:) s ‘'shown in their
illustration a i he has never found
in the walls of the ai cs anything which he could call
or ly yinp »h capillary.
$ e‘m leura.—The lymphaties of the
plema are irreg in size and form a ple xus which has
a{um to the lobule
y of > lymphatics are of
Sappey © lm ]‘n(;mrwd
out. Sometimes these
large lymphatics for
an incomplete network
in the mesh of which
smaller lymphatics
situated, thus giv
the appearance
double network
Iymphati
The 1y mphalK\ of
the pleura have nu
merous valves (Fi
though Wyw«
¥s valve
only in the
p lymphatics. The
that there are so ictions indicating the
anastom be- s es. (After Miller.*®, d)
tween the pj(uml lym-
phaticsallows them to be easily fiiled with the injecting
mas While the presence of valves does not prevent the
injection of the pleur 1 lymphatics, they do prevent the
injection of ly mnhlmu within the luun from the pleurs
Pappcrhcﬂn has described two layers of lymphatics
in the pleura of the hor If his observation is correct
the condition is quite different from that in man. <
as already observed, describes the pleural lymphatic
communicating with the pleural cavities by means
“{rue stomata.”
Miller#®. ¢ denies the pres
nary pleura, and von Ebne 3K rms observation.
The ordinary method of ;Lttc'n]m. g to inject the lym-
phatics by the very s ntific * punc e 1‘“T]1m1 leads
to many L’ll'nle(nl- 1 ions. Miller ivesamethod
injected by inserting a specially
cannula ¢ e of the large lymph
u-nnl;:. The ¢ = original paper fc

> » our 1
thin the lung isvery

numerous sma
Remak the only ir

of the mamm : lone by Retzi

m L]H’ nerves which a
s are freque ml\' seen in cpta between the
alveoli, in the central portic : lung as well as near




