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L

THEsSE pages have a general purpose which extends bevond the limits
announced in their title, They represent an attempt to remove the too
prevalent impression that the field of pulmonary investigation, having
yielded all its froit, is henceforth likely to remain barren. Although
advised, not long ago, by an eminent physician, to turn my attention to some
other organ less * worked out” than the lung, I have found no reason to
complain of my subject, and I may even succeed in showing that, so far
from this being an exhausted territory, there remain within it some districts
almost unexplored.

The investizations set forth in this volume were long retarded in their
progress by accidental cirenmstances and by inherent difliculties.  The fact
that they were opportune and in some respects indispensable, fiest impressed
itself upon me in the course of a pathological research preparatory to the
 Gulstonian Lectures on Pulmonary Cavities,” delivered before the Royal
College of Physicians,in 1882. At an early stage of that preparation I had
become conscious that an anatomical inguiry should have preceded rather
than followed the study of Pulmonary Cavities, 1 had also realized that the
task should be approached in a spirit of completencss, This convietion is
answerable for much delay, and may be thought a reasonable excuse for the
perhaps excessive attention awarded to many details apparently devoid of
practical interest,

Moreover, a snspicion had arisen in my mind that the present deficiencies
in our anatomical knowledge (some part of which 1t will be my endeavour to

fill) might perhaps be held responsible for the halting and spasmodie feature
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in the development of Pulmonary Surgery, contrasting with the steady
progress made in the surgery of other organs. The detriment suffered by
Medicine from the imperfection of the anatomical data, with which phy-
sicians and surgeons alike have been content to work, may have been less
obvious, thanks to a certain vagueness inseparable from all branches of
purely medical knowledge; but it will probably be shown to have been
neither less serious nor less extensive.

The valuable and suggestive book of Professor Aeby, a solitary worker
in this field, eame into my hands at a comparatively late stage of the inves-
tigation, Any fertilizing influence which it may have exerted upon my own
thoughts I gratefully acknowledge ; but, above all, I am indebted to Pro-
fessor Aeby for having rendered inevitable a completeness even greater than
was at first intended,

Against an authority so eminent, and teachings which had already met
with such wide acceptance, any incomplete arvay of facts would have been
marshalled in vain. Although on questions relating to comparative anatomy
I am ill prepared to speak, those of Professor Aeby’s views which fall
within the range of human anatomy may be criticized from a position
which, T believe, is now adequately guarded.

Theoretical matter has largely encroached upon the following pages in
connection with that criticism ; and in itself the work, although exclusively
devoted to anatomical facts, cannot claim to be practical in the strict
sense of the word. Tt may nevertheless indicate the path which will lead
to practical results. Clinical utility was its original motive, and if it
should at least succeed in stimulating a search for the practical appli-
cation of an improved knowledge of the bronchi and of the pulmonary
blood-vessels, neither the motive nor the performance will need further
Justification.

I am grateful to Dr. Sheridan Delépine for having given me the henefit
of some of his own experience and results in similar studies. Dr. Delépine’s
researches on dichotomy, on the alternation in the mode of origin of air-
tubes, and on recurrent bronchi not only possess the merit of absolute

pa-i-::rit;r: chey have directed and ereatly helped my observations on these
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points ; and, in the main, his results have been fully confirmed by my
investigations.

To my brother, Dr. Charles Ewart, I am indebted for much assistance
in the revision of the proofs, and for other valuabile help.

I also welcome this long-desired opportunity for gratefully acknow-
ledging the cheerful and inspiring friendship of my former colleagues at
the Brompton Hospital, and for expressing my special obligation to Dr.
Pollock (then Senior Physician, now Consulting Physician), and to D,
Reginald Thompson, my predecessor in the oflice of IMathologist, for much
encouragement in pathological study, and for personal kindnesses, without
which this eontribution to the Anatomy of the Chest wmight not have

become possible.

33 CURzZON BTREET, MAYFAIR,
November v, 1388,






PO TeC R T,

Ox reaching Switzerland, after sending this book to press, I learned, with
deep regret, from Dr. Ruedi that Professor Aeby died on July 7. 1333,
mourned by numerous friends and colleagues in scientific research.

The hope that the following pages would have called forth correcting
remarks from that great authority whose views they have ventured to
criticize, is now at an end. Had I received the sad intelligence before
leaving England, T should have made some verbal alterations in the text,
which are now impossible, and it only remains for me to sorrowfully inseribe
to the memory of Professor Aeby a work which has been written with the

highest regard for his talent and seientific achievements,

Horen Bron, Davos-Prarz,

Seenatarey 28, 1580,
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INTRUDUCTION,

—_—

THE SCOPE AND THE DIVISION OF THE WORK.

Ix the department of pulmonary anatomy, whether normal or morbid, a very Moder
large share of study has been devoted, in modern times, to microscopical :1,1,?\}',.,,
appearances.  The extreme periphery of the lung, comprising the hronchioles tologicl
and the air-cells, has been exhaunstively investigated.  To such an extent has

research been concentrated upon them, that attention appears to have been
diverted, in the interval, from the imperfection of our knowledge of the
anatomy of coarser and less superficial structures.  In comparison with the i e
searching description of purely histological details, text-books of anatomy of coarse
contain but scanty information concerning the general arrangement of parts "™
within the lung.

And yet, from a practical standpoint, our most obvious and fundamenital .l.;“ﬂf:.':hm'.
requirement would seem to be an accurate knowledge of the course followed e,
by the air-tubes and by the pulmonary blood-vessels, and of their mutual and
general relations.  Without this knowledge neither our wtiology of the
pathological processes, nor our elinical diagnosis and treatment of pulmonary
diseases can enter upon a phase of systematic development.

In the pathology of the nervous system the greatest advances have been u::l:ﬂuh:-m
made since the investigation of morbid changes within the nerve-cells has auatony of
heen sllil]ﬂenu-niwﬂ h}' the st m]}' of the (':'muiiuulltl.‘ of the nerve-fibrez which t':i;'l::q
establish distant communications between them.  Although this analogy can :
only be argued in a very broad sense, it serves to illustrate by contrast the
present stage of our knowledge of the pulmonavy structure.  Ouwrinformation
concerning the terminal structures—viz., the trachea and the air-cells, the
heart and the pulmonary capillarics—is fairly complete, and, in some respects,
minute ; but their connecting links have received only a eollective nofice.

The qu*f:iul :thu-cl_' of the present worke 13 to :4I|1'|'|1].".' some  part of this The ohject
defeet by furthering our knowledge of the individual components of the lung, :,Lf:,'.[:.:','.'i':'_"f
and especially of the divisions of the bronchi and of the pulmonary blood-
vessels,

Asg an introduction to the results obtained in this investigation, a pre- ;‘L.’h:t“ra
liminary survey of the facts which have hitherto been tanght in relation proiivary
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2 THE BRONCHI AND PULMONARY BLOOD-VESSELS.

to the lang and to the bronchi, would, I think, present definite advantages,
inasmuch as it might enable the reader to conneet any aceruing information
with that 'lu'm."u'ulr-'.l:..‘ available. With this view, I have ineluded in the
introductory section a brief summary of the most important facts at present
known in connection with pulmonary and bronchial anatomy. The informa-
tion eontained in the summary has been derived from the anatomieal text-
books, and especially from Quain’s © Elements of Anatomy,” from which
verbatim guotations have sometimes been taken with a definite object.

For the purposes of the investigation a summary of this kind was
specially needed as a means of calling attention to occasional differences
existing between the prevalent anatomical deseriptions of parts, and the
deseription herein given ; and some literal quotations were, from this point of
view, indispensable.

In contrast with the dry facts of the anatomical summary, theoretical
considerations had also to be introduced in connection with previous literature.
Putting aside the text-books on general anatomy, the literature of the
subject may be said to consist of a single book, *The Bronchial Tree of
Mammalia and of Man,” by Prof. Aeby.* For obvions reasons it was
necessary to award to that work a full consideration, and to discuss, sometimes
adversely, the important statements of fact and of opinion which it contains.
Thiz controversial matter, especially when relating to theory, was made to
precede, as far as possible, the anatomical section. But some questions,
referring to anatomical descriptions, had to be postponed ftill the latter
section.

The research was conducted with the help of numerous dissections and
of several injections, which were all performed by myself. The deserip-
tions based upon them are illustrated by diagrams or by fac-similes of the
preparations,

Some of the dissections were partial ; others comprised, besides the
bronchial system, both sets of pulmonary blood-vessels, The intra-pulmonary
injections were likewise of two kinds, single and compound. Although the
results obtained by injections have been very satisfactory, especially
considering the difficulties which attended their performance, yet greater
suceess will probably be achieved by other experimenters, possessed of the
advantage of technical training and of adequate mechanical assistance.

The want of a nomenclature of the air-tubes had been seriously felt
by me ever since my attention had been specially divected to pulmonary
anatomy.  When studying the pathological relations of pulmonary cavities
I had been led by the necessities of the subject to suggest a name for one

*  Der Bronchialbanm der Singethicre und des Menschen, nebst Bemerkungen iiber den
Bronchialbaum der Viigel und Reptilien.” Von Prof. Dr. Ch. Aeby, in Bern. Leipzig, Verlag
von Wilhelm Engelmann. 1852,
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of the more important bronelbi.  But in the attempt to deal with the much
larger subject of the anatomy of the bronchial system the same need was
L‘K[‘J(‘I‘it‘]ln’.‘r‘d, with yeb greater urgency. A suceessfal :-,-'Il:u'[:; of the bronchial
tree was found to be impossible without the assistance of names identifving
the many structures wnder consideration. Indeed, it may be said that the
need for a nomenclature was never more acutely felt than during the pro-
eress of its elaboration.

As regards the Pulmonary Blood-vessels. the practical importance
of distinguishing by separate names their several trunks was recognised ns
being hardly second to the importance of the nomenclature of the bronehi
themselves,

A separate nomenclature of the Bronchial Blood-wvessels is not
I‘{’ijllir{‘ﬂ, although their anatomy may, in the future, require a little more
detail than is generally allotted to them in the text-books,  Several dissections
of these vessels were made by me, but I refrained from attempting their
injection, and I have nothing to add to the deseription usually given of them.
In spite of the great theoretical interest which attaches to the study of
this special ecirculation, inasmuch as it offers little promise of any practical
usefulness, its comparative negleet in these pages may perhaps not be
considered a serious gap.

The whole nomenclature is contained, in a condenzed form, in the
synoptical tables which ocenr in the anatomical seetion of the book. In the
construction of the tables an endeavour has been made to convey some idea
of the relations existing between the air-tubes,

Throughout these pages, in view of the amount of detail involved in the
deseriptions, marginal notes have been introduced.  These will facilitate
reference, whilst serving as a running snmmary.

A similar purpose explains the extensive use of black type in the
impression.  The advantage likely to acerue to the reader from the
clearness and the boldness of this type in so intricate a study as the present
one, greatly outweighs the disfigurement of the hook which has been
entailed thereby.

The illustrations included in this volume are of three kinds :—

(1) Photographic reproductions of dissections and of bronchial casts ;

(2) Artists’ drawings from the bronchial casts, and from the combined
easts of the bronchi and pulmonary blood-vessels ;

(3) Diagrams constructed from the dissections and from the metallic
casts.

I should have gladly relied upon the exclusive nse of the photographic
method for the sake of its antomatic accuracy. Dut in the case of the
bronchial easts, which possess considerable depth, this advantage 1s counter-
balanced by the inability of the process to do even justice to the repre-
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sentations of different planes. The results obtained were so disconraging,
especially in the case of the casts obtained by injecting the two sets of
pulmonary blood-vessels in addition to the bronchi, that the attempt had to
be abandoned.  The large drawings were made with great care under my
OWI supervision.
Seale of The cross lines, which appear in several of the drawings and photo-
measures - gpayures, represent even distances, and serve the purposes of a scale of

Tkt : E
combined  measurement. They were obtained by placing in front of the objects, when

;:LI.ilrufr:'::. drawn or photographed, a frame, upon which fine wires had been stretched
of objects. 4t intervals of twenty millimetres.

I have not attempted to repeat the determinations of the aperture of
angles of bifurcation or of the diaméter of the bronchial tubes which have
been carried ont by Professor Aeby in the case of the trachea, of the main
bronechi and of their primary divisions. An approximate idea of these
ralues may, however, be obtained by studying the drawings, which, as it has
been explained, carry their own scale,

The dia. Diagrams were resorted to as the only means of adequately repre-

BES centing some of the anatomical relations described in the text, They
proved to he too intricate to be safely entrusted to other hands, and,
although ronghly expressing the facts which they were intended to convey,
they unfortunately bear evidence of lack of skill in drawing. One of the
diagrams was chromo-lithographed in three colours, with a view to a clearer
rendering of the mutual relations of the bronchi and of the two sets of
pulmonary blood-vessels.

THE PLAN OF THE WORK.
The book is divided into three sections :—
SEcTioN L
Introductory matter, containing :
A summary of current knowledge concerning (1) the structure of the
lung, (2) the structure and arrangement of bronchi ;
An account of Professor Aeby's researches on the bronchial tree of

mammalia and of man;

An account of the theories proposed by that observer, with comments
thereon,

Secrion II.

DETAILED ANATOMY OF THE BRONCHIAL SYSTEM, STUDIED FROM THE
BRONCHIAL CAST AXND FROM DISSECTIONS.

In this section will be found :
A description of the methods employed ;



Remarks on the nomenclature of the bronchial tree

THE LBRONCHI AND PULMONARY BLOOD-VESSELS

Professor Aeby’s nomenclature and the author'’s nomenclature compared ;

Observations on the modes of division of bronchi ;
A description of the main bronehi;

An elementary sketch of the more important divisions of the bronchial

tree, studied from the metallic east ;
Introductory remarks on terminology and notation ;

A systematic deseription and nomenclature of the entire bronchial tree ;
with a comparison between homologous bronchial districts in the

right and in the left lung,

Secrios 111
ANATOMY OF THE PULMONARY BLOOD-VESSELS.

This section includes :

General remarks on the pulmonary blood-vessels: their

each other and to the bronchi ;
The detailed anatomy of the pulmonary artery;
The detailed anatomy of the pulmonary vein.

relations
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SECTION I.

OUR PRESENT KNOWLEDGE OF THE ANATOMY OF THE
LUNG AND OF THE BRONCHI.

PROFESSOR AEBY'S RESEARCHES ON THE BRONCHIAL TREE.
CRITICISM OF PROFESSOR AEBY'S THEORIES.

As an introduction to the present section, I offer some reasons for not
isolating the study of the bronchial system from the study of the lungs.

The bronchial system may be considered as fulfilling an anatomical as
well as a physiological purpose. The soft, though elastic, mass of pulmonary
substance requires for its sopport some internal structure endowed with
greater firmness.  Not only does the lung need this support as a whole; it
also depends upon it for the preservation of the mutual relations of its
various parts, In addition, throughout the pulmonary substance, adequately
fixed joints, or jfulera, arve indispensable for the control of the individual
movements of each of its segments, Moreover, a large number of blood-
vessels, deficient in rigidity, yet more frail lymphatics, glands and nerves,
must find definite lodgment and protection. All these objects are admirably
served by the air-tubes, which therefore possess, in relation to the other
pulmonary constituents, the value of an endo-skeleton.

The firmness and the rigidity of the bronchial tubes are not, however,
proportionate to their size. The smallest among them are totally deficient
in cartilages, and receive, instead of giving support ; and those of rather
larger size possess only as much cartilage as will ensure their patency, and
are not, in the ordinary sense, rigid tubes. It is, therefore, most probable
that better support would be afforded by the powerful walls of a moderate
number of large tubes than could be given by a multitude of smaller
divisions such as might have resulted from a very early splitting of the
air-channels into their lobular or sub-lobular branches.

An analogons inference is also arrived at from physiological considera-
tions. The main object of the bronchi being the distribution of air to the
respiratory tissue, if this distribution can take place along large common
tubes as far as the immediate neighbourhood of the individual respiratory
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surfaces, a great saving of space, of material and of friction would be the
result.  Such a distribution would bear a strong resemblance to the water-
distribution within a town, where single tubes do not proceed from a central
reservoir to each house or block, but where a “main™ provides all the
houses in each street with short hydrants, intended to convey water to
special tubes proceeding to as many rooms,

The bronchial system has, however, other functions unparvalleled in our
engineering. It is meant to discharge, as well as to admit gases :—and not
gases alone, bub occasionally also fluids and solids in the shape of mucus,
The delivery of breathed air must, further, be eapable not only of a gentle
and even motion, but of swift and powerful blasts.  Purposes of this
kind would clearly be better served by a system of central tubes of large
diameter, receiving short tributaries, than by a considerable number of long
narrow tubes incapable of accumulating much pressure, and occasioning very
great friction,

Similar @ petort considerations would likewise lead us to foretell in any
long and narrow lung the exisience of one or more large, centrally
placed tubes, extending almost to its extremity, and distributing to the
respiratory zones which they traversed a series of short supplying tubes,

In a short but broad lung, we should expect the large central tube
to be of insignificant development, and the supplying or * lateral ™ tubes to
he of considerable length and obliquity.  In both cases we should regard the
peculiarity of bronchial distribution as the direet ontcome of definite anatomical
and physiological necessities.

What has been said in reference to the lung as awhole, is also applicable
to each of the pulmonary lobes.  And, in gencral terms, in any independent
part of the lung, some indication of the arrangement of its bronehi may be
gathered from the configuration of the part.

The two bronchial types indicated above are relatively displayed by the
majority of quadrupeds on the one hand, and by man on the other hand,
Beautiful illustrations of both forms are contained in Professor Aeby's work,*
to which the reader is referred,

The preceding remarks are intended to show that an advantage may be
gained by studying the bronchial system in connection with the lung itself,
Perhaps the chief differences between Professor Acby's views and my own
have their origin in the more isolated position allotted by him to the con-
sideration of the bronchial system, as though the latter almost possessed an
abstract type, and a certain independence from surrounding influences,

Additional divergence has doubtless avisen from Professor Aeby’s endeavour
to frame, on the lines of one of the two morphological varieties to which

5y

* « Dor Bronchialbaum der Siugethicre und des Menschen,”  Leipeig, 1880,
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8 THE ERONCHI AND PULMONARY BLOOD-VESBELS.

reference has been made, a general type for the whole mammalian series;
whereas the present investigation concerns essentially the opposite variety.
At the same time, although the scope of this research is limited to man, a
cursory allusion to the conditions existing in Mammalia cannot be omitted
entirely from a eriticism of the German work, since in the latter the study of
the mammalian lung is inseparably bound up with that of the same organ in
man.



SUMMARY OF OUR PRESENT KNOWLEDGE CONCERNING
THE ANATOMY OF THE LUNG.

A.—Rough Sketch of the External Shape and Relations
of the Lungs.

General Shape.—The lungs sharve the intra-thoracic cavity with the Iregularly
heart, which is received in the space left by the concavity of their opposed m’,:;if,""
mesial surfaces, Their shape cannot with accuracy be compared to that of

any simple geometrical figure. Viewed laterally, they present, however, a
ronghly coniform appearance; and, indeed, they have been deseribed as
analogons to the two lateral halves of a cone.  But their apex is blunt and
irregular, and their base is not perfectly horizontal, being bevelled at the
expense of the posterior surface. and being moreover concave instead of

plane.

Surfaces and Borders.—In addition to a besic surface, and to a Threo
basie margin, each lung presents two other surfaces and two other borders, :’;:Ti:ﬁ:
The borders are auterior or sternal, and posterior or vertebral, the latter being E;‘:tl‘:'"”'-]r
very blunt and smooth, the former (as well as the basic edge) extremely %
sharp. The wesinl supface, which joins the sternal to the vertebral border, Three
is relatively short, and would be vet shorter but for the concavity necessitated 1",:"1;“ d
by the presence of the heart. The entrance into the lung of the great wthll
vessels, and of the bronchus, breaks up the smoothness of this surface. The
parictal surface, on the contrary, is absolutely smooth and, following the broad
lateral curve of the thoracie wall, it far surpasses in extent the other surfaces.

Fissures and Lobes.—The lungs are divided into lobes by interlobar
fissnres or sepitn. In hoth ]ng:-; a long olbiiyue fisswre, beginning in the upper Long
portion of the posterior surface, and ending at the anterior part of the base, jrod™,
eompletely separates the upper lobe from the lower lobe,  But the vight Tung both lungs,
presents in addition a short horizontal fissure situaled at the junction of the Short
upper with the middle third of the lung, and confined to its anterior aspect. fissure in
It extends anteriorly as far as the sternum, and posteriorly it opens into the the right.
great oblique fissure.  In this manner it isolates, at the lower and anterior s h_ﬂﬁ
part of lung, a third lobe, the middle lobe, which otherwise might have }:L,,IE“’ e

formed part of the upper lobe. The normal division of the left lung into two
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lobes, and of the right lung into three, is subject however to frequent
irregularities.

The Pleura,—Destined, like the heart, for a life of constantly recur-
ring movement, the lungs are sunk into the serous cavities of the pleura,
which they completely fill, and they derive from the visceral layer of the
membrane a complete and closely adherent investment, which also extends
for a short distance over the surface of the main bronchus on either side.

Pulmonary and Bronchial Vessels.—The lungs bear important re-
lations to the heart, from which they receive large arterial and venous trunks ;
and to some of the large systemic arteries and veins, netably to the aorta from
which they derive, through the bronchial arteries, their nutrient blood.

Within them are also contained lymphatic channels, glands, and nerves,
respectively continucus with the general lymphatic system, and with the
cerebro-spinal and sympathetic nervous systems.

Pulmonary Root.—The main bronchus, and the pulmenary blood-
vessels, nerves and lymphatics, are gathered together in the shape of a
broad pedicle, as they enter the lung along the middle-third of its mesial
surface. In this manner they constitute an excellent attachment for the
organ, without greatly interfering with the freedom of its movements. The
pleura, which covers them as they approach the lung, is from them reflected
to the pulmonary surface. This it closely invests, and penetrating between
the lobes, it adapts itself to the opposed surfaces of the interlobar fissures,
The pedicle, thus formed, is commonly called the ** Root of the Long.” It
is received into the ** hilus,” or longitudinal incisure of the mesial pulmonary
surface,

Within the hilus, owing to the large size of the early bronchial divisions,
and of the pulmonary vessels, and to the presence of lymphatic glands and
of a tenacious fibrons tissue which firmly cements together the several
structures, the intra-pulmonary portion of the ““root ™ forms a compact mass
which excludes all respiratory tissue. Beyond this the blood-vessels and the
brenchial tubes rapidly diverge, and bifurcate in the lung ; and the angles
of bifurcation of the latter afford lodgment for the deep pulmonary lobules,

The Main Bronchi.—The left bronchus divides into two branches for
the supply of the upper and of the lower lobe respectively, and the blood-
vessels undergo an analogouns division, But the right bronchus, after giving
a large branch for the upper lobe, divides again into a middle-lobar and an
inferior-lobar bronchns.  The more recent account of the mode of division of
the main bronehi, as given by Professor Aeby, will be found on p. jo.

The relative position of each bronchus in the »oof of the corresponding
lung is deseribed by Quain, in the following words :—

“The root of the right lung lies behind the superior vena cava and part
of the right auricle, and below the azygos vein which arches over it to enter
the superior cava. That of the left lung passes below the arch of the aorta
and in front of the descending aorta. The phrenic nerve descends in front
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of the root of each lung, and the puenmogastric nerve hehind, whilst the
lignmentum latum pulmonis is continued from the lower boreder,  The
bronehus, together with the bronchial arteries and veins, the lymphatics and
lymphatic glands are placed on a plane posterior to the great blood-vessels,
whilst the pulmonary veins are in front of the arteries. The pulmonary
plexuses of nerves lie on the anterior and posterior aspect of the root heneath
the pleura, the posterior being the larger of the two.

“ On the right side the undivided portion of the bronchus is altogether
above the pulmonary artery; on the left side the undivided portion of the
bronehus, which is eonsiderably longer than on the right side, extends to below
the level of the left pulmonary artery which crosses it.  On both sides the
pulmonary veins are below the corresponding arteries,”

Volume and Weight of the Lungs.—The voluwme of the lungs is
stated by Aeby (loc. eit., p. 85) to be almost one-quarter less in women than
in men. He gives the following measurements :—

In men:  Right lung = 873'0 c.c.  Left lung = 7448 c.c.
In women: Right lung = 7052 e¢.e. Left lung = 585°3 c.c.

In both sexes the right lung would exceed the left in volume by 15 per
cent. (almost as 11 to 10, the proportion previously tanght).

According to Aeby (loe. cif., p. g1) it may be proved by caleulation that
the lungs of infants contain the same elements as those of adults, their size
Ulll:f hl_-iilg different. He assumes that the diameter of air-cells in the new-
born is one-third less than in the adult. On this basis the subsequent growth
of the lung is held by him to be entirvely explained by the increase in the
size of the alveoli, without any addition to their number,

Reid (quoted by Quain) found the average weight in twenty-nine males
to be 24 oz. for the right lung and 21 oz for the left. In twenty-one
females the weights were respectively 17 oz, for the right and 135 oz for the
left lung.

B, —General Internal Structure,

Tubular Structure.—The lung is constructed entirely upon the
tubular plan,  From apex to base it exclusively consists of subdividing air-
tubes—the multiplied and amplified continuations of the calibre of the trachea ;
and these are accompanied by numerous blood-vessels, lymphatics, and nerves,
and bound together by arcolar tissue.

Parenchyma,—Nevertheless, thronghout the greater part of the organ,
the tubular character is disguised by the ubiquitous presence of an alveolated
structure, inflated, during life, with more than its own bulk of air.  This is
the pulmonary parenchyma. It may be termed (in contrast with the more
centrally situated pulmonary root) the pulmonary or bronch il pwriphery.
This term is applicable to the parenchyma even in the depths of the lung.
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For, however deeply it may be sitnated, the parenchyma represents the ter-
minal subdivisions of the tubular system, and is morphologically equivalent
to those portions of the same tissue which are quite superficial, and imme-
diately covered by the plenra.

Root-zone.—In the central zone, on the contrary, the tubular character
is unmistakable. The air-tubes are larger, subdivide sparingly ; and, to the
exclusion of all pulmonary substance, they admit in their interstices nothing
beyond large blood-vessels, lymphatic glands, nerves, and fibrous tissue. 1§
is unnecessary to enter here upon a description of this relatively uncompli-
cated distriet. More essential, for the present, is a brief sketch of the general
anatomy of the peripheral parts, which constitute the bulk of the lung.

Bronchial Periphery.—The Lobule.—In all situations, excepting
the extreme sub-pleural layer, the pulmonary periphery is made up of two
sets of tubes: (1) Minute ferminal air-tubes and blood-vessels; (2) slightly
larger air-tubes and blood-vessels, which are destined for more distant districts,
and pass onwards between the former,

The terminal air-tubes, and their attendant blood-vesszels, lymphaties, and
nerves, are arranged in definite groups, of the average size of a pea or small
hazel-nut. These groups are surrounded by a membrane analogous to the
pleura and constitute the lobules, By the peri-lobular membrane the con-
tained pulmonary parenchyma is entirely separated from all air-distributing
tubes and blood-vessels which do not belong to the lobule.

Inasmuch as any free, or extra-lobular pulmonary parenchyma does not exist,
the lung may be regarded as an aggregate of lobules, between which ramify
the distributing blood-vessels and air-tubes. If all the lobules could be
removed, the distributing tubes would be laid bare. and would form an
empty framework, a soft endo-skeleton, diffeving from the central zone, or
root-zone, only by the lesser size and firmness of its tubes, and by the
large vacant intervals left between them. Preparations of this kind may be
obtained either by dissection alone, or by the combined methods of bronchial
and vascular injections, and of subsequent dissection or maceration,

This bronehial and vascnlar skeleton will be the subject of careful study
in later parts of the work,

C.—The Pulmonary Lobule.

General Characters.—Although liable to many variations in size and
in shape, all lobules agree in the possession of certain general characters. To
each lobule belong :—

(1) A peri-lobnlar membrane.

(2) A single bronchiole, which furnishes the entire air-supply. This is
known as the lobular bronchiole ; and the air-tube which gives rise
to lobular bronchioles may be termed the sub-lobular bronchiole,
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(3) A lobular branch of the pulmonary artery, which accompanies the Lobular
bronchiole, v g

(4) Two or more lobular branches of the pulmonary vein,

(5) Lymphatie vessels,

(6) Nerve filaments attached to the hronchiale,

The average size of lobules, according to Sappey (** Anat. Descript.,” Averago
vol. iv. p. 450, 1874), is one cubic centimetre ; but some may exceed that ™
volume, whilst others may attain only half these dimensions.

They steadily increase in size with the growth of the lung and decrease Inerease in
when the latter shrinks with age. In this respect they differ from the ;-T;;:f:-,
alveoli, the individual eapacity of which grows uninterraptedly throughout ::'h'l'fl_"“ in
life.  Assuming the correctness of Sappey’s estimate of the average size of L
lobules, and of Aeby's estimate of the volume of the lung (both measured
in the state of collapse), a rough estimate of the number of lobules might
be readily obtained by a simple caleulation.

lach lobule probably possesses not only a definite place but definite Theeharae.
velations and a fairly constant shape. A study and a deseription of individual ol

widdital

lobules would not however be rewarded by any practical vesult., It will }‘.:I.Hllllll."a
guffice to remember that lobules exist everywhere as far as the boundary of constuit,
the root-zone, crowding together at the surface, and filling all available

space in the depth of the lung. Their mutual contact is almost divect, with Iuter-

the single intervention of a thin layer of connective tissue continuous (.
with the sub-plenral tissue. According to Sappey (loe. eif., p. 449)

the inter-lobular interval is more appreciable, and the inter-lobular

tissue more abundant, at the surface of the lungs of infants than of those

of adults.

Varieties in Shape and Position of Lobules.—The shape of Pyramida,
individual lobules, being influenced Dby their surroundings, is in a certain :':'.:‘:'“|
sense accidental, and therefore varies endlessly,  Sappey (loe. #it., p. 450) :|'.I.I|I.]u{|":-'.:-:';“”1
groups these varying shapes under three types: (1) The superficiel lobules
are pyvramidal, their apex pointing centrally; (2) the wmarginal lobules are
wedge-shaped, their thin edge coinciding with that of the lung; (3) the
deep lobules are facetted more or less evenly.

All lobules agree in being pedunculated.  Between the deep lobules and superficial
those more superficially placed, no essential difference exists, except in ]'",t,]]:'
the direction of their attachment. The bronchial and vascular sapply
approaches the peripheral lobules from their proximal extremity (the
extremity nearest the pulmonary root). This relation is reversed in the case
of the deep lobules. These are the offshoots from bronchial divisions
which are distal to the angles of bifurcation in which they nestle,
They are in other words recurient lobules.  In an intermediary position are .o

found the lateral lobules which form the bulk of the internal substance of Jobules:

the lung. The angle which their axis forms with that of their parent lobules.
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bronchus varies with their distance from the surface, and according fo the
situations which they are destined to fill.

The lohule is mnot, in a functional sense, the ultimate respiratory
element ; it consists of many respiratory units.  But, anatomically speaking,
it is the wltimate pulmonary wanit,

The respiratory units are the air-cells. Possessing delicate elastic walls,
densely pervaded with capillaries, and lined with the thinnest epithelium,
the air-cell is especially fitted for the respiratory interchange of gases. The
two functions, upon which the latter may be said to depend, are represented
by the elasticity of the air-cell, which permits it to expand passively, but sub-
sequently ensures its recoil, and by its thinness, which allows the transit of
gases toand from the blood coursing within its capillaries. Thus the remotest
periphery is execlusively entrusted with the performance of the respiratory
function. We may, therefore, consider the infundibulum, or, better, the
alveolus, as the functional vespivafory unif within the lung.

What has been eaid of the air-cell illustrates by contrast the full
meaning of the term pulmonary unit applicable to the lobule. Within the
latter are contained, invested by a membrane resembling the plenra, all the
tissnes which belong to a whole lung. Tt closely imitates the lung in
outward appearance and in functional behaviour, and it is accurately
described by the metaphorical expression, “miniature lung.” We may
therefore speak of the lcbule as the structural or pulmonary unit in
contrast with the functicnal or respiratory unit into which passes the
terminal bronchiole.

D.—The Alveoli.

Minute Anatomy.—For a full deseription of the arrangement within
the lobule works on Histology must be consulted. The short account which
is here introduced for the sake of completeness is based upon the description
contained in Quain’s “ Anatomy " (edit. 1882).

After entering the lobule the bronchiole divides into intra-lobular
branches, and finally into #erminel bronchioles. Similar bifurcations are
suffered by the blood-vessels, which ultimately break up into a capillary
network.

The final dividing of bronchioles is by bifurcation. This fact was
demonstrated to me very kindly by Dr. Sheridan Delépine, and in so clear
a manner that no doubt remains in my mind. The bifurcation in question
differs from all those which have preceded it, in the ecircumstance that
its products are not smaller, but individually larger than the bifurcating
tube; and from this they also differ in kind. The structure of
their walls is modified. They possess a non-ciliated squamons epithelinm
instead of the mon-ciliated cuboidal epithelimm found in the smallest
bronchioles,
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The products of this ultimate bifurcation, the {ufundibule, are generally
deseribed as multilocular air-sacs, growing in  thickness towards the
periphery, and fornished with lateral and with terminal alveoli and with
an infer-olecolar prssage,  According fo Quain, for some distance hefore this
final stage the terminal bronchiole is beset with lateral air-cells, here and
there at first, then more thickly, so as to lose its eylindrical shape, Where
the lateral air-cells make their appearance the columnar ciliated epithelinm
ceases, the mmscular layer almost disappears, and the lonsitudinal elastic
bundles break up into the fashioned peripheral network,

The Epithelium.— The change in the character of the epithelivmn
first oceurs in the so-called respiratory bronchioles, where patches of small
pavement-epitheliom cells begin to appear amongst the ciliated eells,
especially in the neighbourhood of the air-cells upon the wall of these tubes,
At the end of the respiratory bronchiole, near the passage to the infun-
dibula all the cells which line the wall of the tube are of the non-ciliated
pavement variety, DBut the air-cells themselves, both those which are
scattered over the rvespiratory bronchioles and those which cover the
infundibula, as well as intermediate portions of the infundibula which ocenr
here and there between the air-cells, possess an epithelium.  The eells of
the epithelium ave of two kinds—rviz. : (1) large, thin, very delicate, irregular
in size and shape, lying over the blood-vessels, but also in many cases
extending over the interstices between them ; they appear not to possess a
nucleus; and (2) small, flat, polygonal, nucleated cells, which lie singly or
in small groups of two or three cells between the others, and always in the
interstices of the capillary network. (In the feetus the alveoli are entirely
lined with small granular pavement-cells, but with the distension which
follows upon the first respivatory efforts, the cells become transformed into
the large thin epithelinm cells above deseribed.)”

Numeration and Measurement of Air-cells.—Althongh much
divergenee exists in the various accounts given of the structure of bronchioles,
of infundibula, and of air-cells (and especially of their mutnal relations),
with the air-cell or alveolus a delinite quantity is reached, as regards both
size and structure.  Their number is also capable of being ronghly
caleulated,

The aggregate awimber of air-cells in both jungs was estimated by
Husehke at 1700—1800 millions, In quoting these figures Professor
Aeby states that they are much too high. His own caleulations are based upon
an estimate of 250 air-cells in each cubic millimetre (each eell having a
diameter of 02 mm,, and a surface of ©° 125 sq. mm.).  Assuming that the

total volume of the male lung is equivalent to 1617 cubic em., and that of

the female lung to 1290 cubie em., he arrives at the figures 400 and 300
millions as representing the probable number of air-cells,

The entire extent of the respiratory surface is given as varving hetween
40 and 50 square metres. But Aeby points out that in the stage of decp
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inspiration the male lung would expand to a surface of 129°84 metres, and
the female lung to a surface of 10352 metres,

The diameter of air-cells in the human lung is, according to Quain (lve.
eit.), most commonly, about | 2sth of an inch (0'25 mm.), but it varies from
L1.th to f5th of an inch.  “ The air-cells are larger on the surface than in the
interior, and largest towards the thin edges of the organ; they are also very
large at the apex of the lung. Their dimensions go on increasing from birth
to old age, and they are larger in men than in women, In the infant the
diameter is usually under glsth of an inch.,” The alveoli, according to
Rossignol (Sappey, loe. eit.. p. 464), continnally enlarge from birth, when
their capacity measures 0'05 mm., to middle age (40), when it measures
023 mm., and to advanced age (70-80). when it attains 0'34 mm.,

E.—The Pulmonary Blood-vessels.

The following description is extracted from Quain’s * Elements of
Anatomy,” Several of the statements which it contains will be again
referred to in the third section.

I.—Tue PuLMONARY ARTERY.

Distribution and Relations.—% The hranches of the pulmonary
artery accompany the bronchial tubes, but in their remote ramifications they
subdivide more frequently. The main arterial trunk runs down tmmediately
Lelvind ® the main bronchial trunk, giving off corresponding branches as it
proceeds.  They ramify without anastomoses, and at last terminate in small
arteries about 5y inch in diameter, which lie between the alveoli partially
encircling their mouths.  I'rom these vessels the capillary network arvises, and
covers each alveolus, passing in the inter-alveolar septa between the adjacent
air-cells,  As was pointed out by Rainey, the ecapillary network, in these
partitions, is single in the lungs of man and mammalia, although it forms a
couble layer in the lungs of amphibia and of reptiles.”

“The capillaries are very fine, and the vetwork they form is so close that
the meshes are scarcely wider than the vessels themselves. They are very
supericial, being covered only by the thin layer of tessellated epithelinm
above mentioned ; and in the partitions between contignous alveoli the vessels
of the network project on either side in an arched or loop-like manner into
the cavities of the alveoli. 'The mucous membrane of the hronchial tubes,

Branches to especially near the air-cells, is partly supplied with blocd from branches of the

terniinal
Teron =
chiioles,

pulmonary artery.”

¥ The jtalics arc mine. For my account see pp. 181 Lo 197,
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11,—TaE PuLMoxary VEINS.

Distribution and Relations.*—* The radicles of the pulmonary veins oOrigin fron
arise from the capillary network of the alveoli, and from that of the smaller ['..h,..lt.“.ii
bronchial tubes. 'The branches of these veins which arise from the in- chivhs
fundibula near the surface of the lung, frequently do nol accompany the
bronchia and arterial branches, but are found to run alone for a short distance
through the substance of the organ.  They finally either join some deeper Deep and
vein which pusses by the side of a bronchial tube, or they remain superficial, fobore!
forming a wide-meshed plexus near the surface of the lung, finally tending
towards the hilus to join the larger veins near the root of the lung, also Frequent
fﬂl‘lllin;_{'? :1cmr:]in;_:: to Rossignol, frequent lateral communications” ,t,l,'.I:,L

“The veins from the more deeply sitvated infundibula form frequent
communications, and finally enalesce into large branches which aecon peniy the
browehinl {fules and the arteries, and thus proceed to the root of the lung.”

“In their course through the lung, the artery is wswally found above and Relations

behind a bronchial tube, and the veins below and in front.”

The Muscular Layer.—ﬁ:h-fmf il .r::-‘.r';rfrr.l‘lj'fha'n'ﬂ are found on the four Striped
pulmonary veins where they join the left auricle (Landois, Text-hook III.:J.;'..
of Human Physiology, translated by Stirling, vol. i. p. 63, 1835). :]L'I"I:I::'"
“ These fibres (which are arranged as an inner circular, and an outer wear I
longitudinal layer) can be traced to the hilus of the lung in man and some ORI
mammals ; in the ape and rat they extend on the pulmonary veins right
into the lung.  In the mouse and bat, again, the striped muscular fibres pass in mouse
so far into the lungs that the walls of the smaller veins are largely composed evenin
of striped muscle (Stieda),”  In conneetion with the last statement it 1s in- :mr:,|j1
teresting to note that “ independent rhythmical contractions are often noticed Rhytlaic
in the pulmonary veing as well as in the venwe cavie after the heart has ceased S
to beat, (Haller, Nysten.) |This beating can also be observed in those veins in

a rabbit after the heart is cut out of the body.]”

Differences between Pulmonary and Systemic Vessels.—
“The pulmonary vessels differ from the systemic in regard to their contents. in-
asmuch as the arteries convey dark blood, whilst the veins carry ved blood. The E‘Hflfflﬂllﬂ
pulmonary veins, unlike the other veins of the bady, are not more eapacious |'j|]lu:a;'||-||::
than their corresponding arteries ; indeed, according to Winslow, Santorini, L0 il
Haller, and others, they are somewhat less so.  These veins have no valves, arterics
Lastly, it may be remarked that, whilst the arteries of different lobules are bl
usually independent, their veins freely anastomose ™ (Quain).

In connection with the pulmonary blood eirenit, the deseription of the
bronchial blood-vessels should also be consulted in anatomieal text-books,

# All italies are mine, Compare the description given at p. 198,
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F.—The Lymphatics of the Lung.

Radicles Mode of Origin and of Termination.—According to Quain, the
from pulmonary lymphatics have two modes of ovigin :-—
() alveoli. (1) From the inter-alveolar lymphatie capillaries lymphatic vessels arise,

which lie, in twos or threes, in eontact with the pulmonary arteries and
veins, frequently anastomosing.  They may sometimes completely invest the
blood-vessels.

{2} bron- (2) The lymphatics originating in the bronchial mucous membrane,

chioles. tpaversing the muscular coaft, give rise to a plexus in the fibrous layer, which
is specially developed on the side adjacent to the pulmonary artery.

P “ Lymphoid tissne, according to Arnold, is found in various parts—

tissue, viz., under the pulmonary pleura; in the peri-bronchial and peri-vascular
fissue ; in the bronchial wall and around the alveolar passages.”

Vubis: “The branched connective-tissue corpuseles, and cell-spaces, with which

lill]ltll:ﬂ the inter-alveolar lymphatics are in connection at their origin, send pro-
cesses upwards to the inner surface of the alveoli, between the epithelial
cells,”

Sub-plenral The sub-pleural lymphatic plexus is in connection with the inter-alveolar

plesus. Jymphaties of the pulmonary surface.

Doep “At the root of the lung the superficial and deep lymphatics unite into

I_lli'."\.ll"".

a few anastomosing trunks before entering the bronchial lymphatic glands
From the latter two or three trunks issue, which ascend along the trachea to

Termina-  the root of the neck, and terminate, on the left side in the thoracic duct, and
tioan of effers

ot diereon the right in one of the right lymphatie trunks.”

Fronchial “The bronchial glands are ten or twelve in number. The largest of

ehmds these occupy the interval between the right and left bronchi at their diver-
gence, whilst others of smaller size rest upon the first divisions of these tubes
for a short distance within the Jungs.”

Stomnda. in Stomata and Pseudo-stomata.—Klein (The Anatomy of the Lym-

JLLERLLLLEURLE B

pleura, phatic System, 1875, and Proceedings of the Royal Society, Jan. 1874) has
deseribed at the surface of the pulmonary plenra stomata, placing in com-
munication the cavity of the pleura with the pleural and with the inter-alveolar
sub-plenral lymphaties.  After pointing out the effect upon the intra-pulmo-

Influenee of navy lymph-stream of the alternating expansion and contraction of the lung,

movements he adds: “ Likewise it is clear that during inspiration those lymphatic

o lyoh- Branches also will become distended that originate in the septa of the super-
ficial alveoli of the lung, and discharge themselves, as has been mentioned,
into the network of the sub-pleural lymphatics. During respiration, again,
they will become compressed.” The branches connecting the intra-pulmonary
and the pleural lymphaties “ represent, so to speak, the safety-valves for the
sub-pleural lymphatics during expiration.”
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Dybkowski (Arbeiten ans der Physiolog.. Anstalt in Leipzig, 1366) stomaa
had previously described the existence of stomata in the parietal plenra; i’,;,_‘l‘l':::_""l
these stomata are stated to be absent from the plenra which covers the ribs,
although prezsent in their interspaces,

[The following observations, quoted by Landois (Text-book of Physio-
logy. Stirling’s translation, vol. i, p. 224, 1883) rvefer to the fine anatomy
of the intra-pulmonary systemn :—

According to Pierret and Renaut every air-cell of the long of the ox is
surrovndecd |}:-.' i Im*;_-;{- |I'-.'rL||r|| space, such as occurs in the :-:ili'..'zlr:r elands.
Nathnagel found that, if blood was sucked into the lung of a rabbit, the Ragia
blood corpuscles were  discovered within the interstitial connective-tissue J}':',':.','I,"'
of the lung after 31-35 minutes, and he concludes that the communiea- 2ated; hiocd,
tions between the cavity of the air-cells and the lymphatics must be very
NUIMErons,

According to Klein, psewdo-stomate, opening into the canalienli, exist in Peendo-
the cement-substance uniting the epithelial cells of the alveolus: they are | e,
most easily seen in the distended aiv-cell.  They would afford passage for :‘_I'I;'[';"“"
lymph corpuseles and particles of pigment ; but according to v. Wittich denic
the latter are independent of any pre-existing apertures and make their way U
throngh the soft semi-fluid cement-substance. |

Intra-alveolar Channels,—Wiwodzoft' (Wiener Med. Jaheb., Bd. xi.
1866). quoted by Klein (loe. eif.. p. 29), describes, in the connective-tissue
of the alveoli of doos and horses, small lymph canals, the larger of which
run parallel to the elastie fibres, and then follow the conrse of the capillary
blood-vessels, but in many eases cross the latter, and in their meshes beeome Canaliculi
confluent, s0 as to form lacwner, ik
Sikorsky (Centralblatt fur Med. Wiss,, No. 52, 1870), quoted by
Klein (loe. eil), likewise deseribed canaliculi and lacume, the latter being
sitnated at the nodes where the canalienli anastomose. and exelusively in the
meshes between capillary blood-vessels,

G.—The Nerve-supply to the Lungs.

An anlevior and a posterior pulmonary plecws are stated to be formed by anterio
branches of the agus in association with sy pathetic fibres ; and their branches {05 ]"'”
enter the root of the lung and accompany the bronchial divisions,  Remalk, :_::Il:‘*llll'l""ﬁ'
and subsequently Stirling, have deseribed in connection with these nerves,
solitary and gronped ganglia of minute size,

The pulmonary branches of the vagus are divided by Quain into two sets, Palmpkey
distributed to the anterior and to the posterior aspect of the root of the lung, L.”.::,jl_. :
“The anterior pulmonary nerves, two or three in number, are of small size. anterior,
They join with filaments of the sympathetic ramifving on the pulmonary e

artery, and with these nerves constitute the anterior pulmonary plexus,
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posterior,  Behind the root of the lang the pneumogastric nerve becomes flattened, and
AR gives several branches of much larger size than the anterior branches, which,
with filaments derived from the second, third, and fourth ganglia of the

Bympa- gy mpathetic, form the posterior pulmonary plexus. Offsets from this plexus
thetin . Eoa Ry g i
cupply.  extend along the ramifications of the air-tube, throngh the substance of

the lung.”
See also infre, the nerve supply to the bronchi,



SUMMARY OF PRESENT KNOWLEDGE CONCERNING THE BRONCHI
AND THEIR VASCULAR AND NERVE SUPPLY.

A —Arrangement and Structure of Brouchi.

Tue following account is based upon the description contained in Quain’s
“ Elements of Anatomy 7 (eighth edition, 1882), from which quotations are
given.

General Structure.—Before entering the lungs, the bronchi present
the same structure and appearvance as the trachea. Their posterior wall is
membranous, and their ronghly cylindrical anterior and lateral surfaces ave
supported and stiffened by semicireular eartilaginons bands,

The right bronchus, short and wide (about 1” or 2°5 em. in length), as
it descends into the lung. is ecrossed from above and from behind by the
vena azygos ; and it lies at first above, and subsequently behind the right
pulmonary artery.

The left bronchus, nearly twice as long as its fellow, terminates about
an inch lower than the latter, *The left bronchus crosses over the front of
the gullet and descending aorta; the arch of the aorta turns backwards and
to the left over it, and the left pulmonary artery lies first above it, and then
on its anterior surface.”

“ Before entering the substance of the lung the right hronchus gives off
the branch to the upper lobe, and is then continued on into the lower lobe,
the branch for the middle lobe being given off from the eontinuation.  The
corresponding branch of the left bronchus is considerably larger and enters
the upper part of its lung.”*

“The principal divisions of the bronchi, as they pass imto the lungs,
divide into tubes of less ealibre, and these again subdivide in sucecession into
smaller and smaller tubes, often distinguished as bronchia, bronchioles, or
bronchial tubes, which, diverging in all directions, never anastomose, bul
terminate separately. The larger branches diverge at rather acute angles, but
the more remote and smaller ramifications spring less and less acutely.  After

* Since the diffcrence in size between the right and the left upper lobar bronehi is not
considerable, we must infer that the expression ** corresponding branch ™ applics, in the text,
to a branch corresponding to the Lronchus which is supplied to the right middle lobe.  But,
in itself, the sentence in question is evenly ambignous,
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a certain stage of subdivision each bronchial tube, reduced to a small size
(about 1 mm.), is termed a lobulur, or * vespivatory bronchiol tube ™ (Kolliker),
and its walls become beset with small hemispherical saccules termed air-cells
or alveoli.”

The Bronchial Wall,—The sfrucfure of the bronchial wall is essentially
fibrows. but it contains abundant elastic and muscular fibres (the former being
chiefly longitudinal, the latter chiefly transverse in their direction), in addition
to the cartilages which keep the tubes patent, and to the mucous membrane
which lines them internally.

The ecartilaginous hoops (from 6 to 8 in the right bronchus, from g to 12
in the left) resemble on a smaller scale the tracheal cartilages. A three-limbed
cartilage, common to both bronehi and to the trachea, adds strength to the
junction between the three tubes. It is not perfectly symmetrical, and the
right bronchus, when viewed from within the trachea, therefore appears to
occupy more than half the sectional area of the latter.

The swusculur layer, consisting of unstriped fibres which are transversely
placed, and are inserted not only into the extremity and along the neigh-
bouring internal sarface of the hoops, but also into the inter-cartilaginous
structure, is contained within the fibrous membrane. A few longitudinal
musecular bundles lie ontside the continuous transverse layer.

The white longitudinal strize (or *flutings ™), visible inside the tubes along
their posterior wall. are due to powerful elastic bundles placed beneath the
mucous membrane, and connected with the elastic fibres which pervade the
bronchial walls.

The suluiwcons tissue contains numerons glands and some adipose tissue.
The wmueouns meembrane, vich in lymphoid tissue, is lined by a layer of columnar,
ciliated epithelinm. and subjacent smaller cells (Debove's membrane), with
scattered lymphoid cells, all supported by a basement membrane. The
colomnar cells are rendered irregular at their lower extremity by lateral
pressure.  Goblet-cells arve of frequent ocenrrence among them.  Elongated
cells are also seen, possessing a free prolongation upwards, and a simple or
forked attachment to the basement membrane,

The smueous glands (compound, racemose, with columnar or cubical epi-
thelinm) lie within the fibrous layer of the inter-cartilaginous membrane.
But the larger glands are situated more posteriorly, outside the fibrous mem-
brane, or partly within its thickness. The orifices of the ducts, which traverse
the muscular and mucous layer, may be seen at the internal surface.

Structure of Smaller Bronchi.—The mucous membrane, the
columnar epithelinm, the elastic and the muscular fibres are all continued
for a considerable distance into the lung, almost as far as the smallest tubes,
The cartilages soon lose their horse-shoe shape, and their parallel arrangement,
and take the form of irregular scales, loosely scattered over the whole
cirecnmference of the small tubes, which are cylindrical.  Where the latter
divide, they possess incomplete cartilaginous rings, and these rings present
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“a sharp concave ridge projecting inwards into the tube.”  Progressively
smaller and farther apart, the cartilaginons scales are no longer found in
bronchioles less than 1 mm. in diameter. Inside the cartilaginous layer, the
matsculor fibres, completely (‘Elt'i!'tﬁl'lg the tubes, form at first a continuouns
coat ; but they are less abundant bevond bronchioles 1 mm. in diameter ; they
oceur as separate rings even in the smallest tubes (and also, according to
Moleschott, in company with elastic fibres, at the orifice of alveoli).

The filvous coat is represented in the smallest tubes by areolar tissue, and
in the walls of aiveoli by an exceedingly delicate connective tissue, kept in
shape by curved elastic fibrils,

B.—The Bronchial Blood-vessels.

Their Origin,—The bronchial arteries are said to vary in number
(from one to three on each side). Their origin is also variable @ they may
arvise from the aorta or from an intercostal artery. The bronchial veins,
which will be seen to collect only part of the blood supplied by the bronchial
arteries, open. on the right side into the vena azygos, and on the left into
the left upper azygos vein.

Their Distribution.—- Althoueh the larger branches of the bronchial
vessels lie upon the air-tubes, their avea of distribution is not solely bronchial.
They supply, in addition :—

(/) The lymphatic glands and areolar tissue at the voot of the lang,

(4) The pleura pulmonalis and the sub-pleural and inter-lobular tissue.”

(¢) They are also believed to distribute nutrient blood to the pulmonary

parenchyma, and rase vasorum to the pulmonary vessels, &e.

The special supply to the bronchial wall ends in two capillary plexuses,
The outer plexus, destined for the muscular layer, has transverse meshes ;
the rich, inner plexus, distributed to the mucous surface. presents a longitu-
dinal arrangement.

Relation to Pulmonary Blood-circulation.—An important anas-
tomosis occurs, at the r_-.xtru_-mit:.' of the smaller bronchioles, between the
capillary plexuses of the bronchial and of the pulmonary civenlation.  More-
over it is stated by Zuckerkandl (quoted by Quain) that even some of the
veins which originate in the walls of the larger bronchial tubes, or in the
bronchial glands, or at the posterior surface of the pericardium, terminate
in the large pulmonary veins, setting up in this manner a contamination,
whick must be considered normal, of the arterialized blood within the latter.

Zuckerkandl (quoted by Landois, loe. cif.. p. 223) states that the

* The pulmonary ]|]4-||r:| and the surface of llwhlil;{:ll.‘i“ receive (aceording to Tarner, quol ]
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by Quain) small branches from the intercostal arteries, which are condueted to the lung along
the ligamentuwm latien paluoiis,
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veins of the smaller bronehi (fourth order onwards) open into the pulmonary
veins, and that the anterior bronchial (? veins) also communicate with the
pulmonary veins.

C.—Nerve-supply to the Bronchi.

The source of the pulmonary nerve-supply has already been deseribed
(see p. 19).

Landois™ “ Text-book of Physiology,” translated by Stirling (1885, vol. 1.
p. 225), contains the following deseription :—

¢ Heveral sections of nerve-trunks are usually found in a section of a
large bronchial tube. These nerves lie inside the cartilages and are in close
relation with the branches of the bronchial arteries. Medullated and non-
medullated nerve-fibres occur in the nerves, which also contain numerous
small ganglia (Remak, Klein, Stirling). In the lung of the calf these ganglia
are so large as to be macroscopic.”

“The exact mode of termination of the nerve-fibres within the lung has
yeb to be ascertained in mwammals, but some fibres pass to the bronchial
muscles, others to the large blood-vessels of the lung, and it is highly probable
that the mucous glands are also supplied with nerve filaments. In the com-
paratively simple lungs of the frog, nerves with numerous nerve-cells in their
course are found (Arnold, Stirling), and in the very simple lung of the newt
there are also numerous nerve-cells disposed along the course of the intra-
pulmonary nerves.  Some of these fibres terminate in the uniform layer of
non-striped muscle which forms part of the pulmonary wall in the frog and
newt, and others end in the muscular coat of the pulmonary blood-vessels
(Stirling).  The fanctions of these ganglia are unknown, but they may be
compared to the nerve-plexuses existing in the walls of the digestive tract.”



ANALYSIS OF
PROFESSOR AEBY'S WORK “ON THE BRONCHIAL TREE.”

At the time when DProfessor Aeby's work® was published. no maodern
treatize of importance was in existence on the subject of the anatomy of the
bronchial system, and since its publication, as far as I am aware. no other
work dealing with the same matter has appeared.  rofessor Aehy’s views have
been transeribed into various anatomical text-books, and anatomists Lave
either actually expressed their acceptance of them or, by withholding any
adverse criticism, have given them their tacit assent. These views therefore
rank among the recognized additions to anatomical knowledge, and, as
such, they possess a claim to our most careful consideration.

The Bronchial Tree of Aeby.—The term * lronchial tree” is
obviously metaphorical, and should be understood as sueh whenever used in
these pages. A literal meaning is however eapable of being attached to this
expression.  Accovding to Aeby the bronchial distribution resembles a free,
not only in possessing branches, but because the branches are all dervived from
a trunk or sfem which preserves its individuality, and its axial charvacter, from
its origin to its termination. For each lung this * bronchial stem 7 is
represented by the main bronehus,

The alleged breaking up of the bronchus into two equivalent lobar
bronchi on the left side and info three on the right, as hitherto described in
anatomical text-books, has for him no existence in reality, Far from dis-
appearing at so early a stage, the main bronchus in both lungs gives a
succession of branches, and itself proceeds as an independent stracture as far
as the lower extremity of the lung. Moreover, each of the branches which
it delivers in this course arises singly, according toa plan of - monopadic
evolution,”

Hitherto symmefry was held to be the guiding principle in the pulmonary
structure, and dichofomy was supposed to be the means to that end. DBut
Professor Aeby finds that symmetry holds very limited sway in the lung, and
dichotomy he abgolutely rejects as contrary to his own anatomieal observations,

# u Der Bronchialbaum der Singethiere und des Menschen, nebst Demerkungen iiber den
Bronchialbaum der Vigel und Reptilien.,”  Leipzig, 1880,
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From what has been said, a sufficiently clear idea may be gained of the
originality of views, and of the boldness in their expression, which charac-
terize the worl. To use his own words, in * breaking with tradition,”
Professor Aeby has done signal service to anatomy. He has cast upon us the
duty of testing, in the light of his new facts, the truth of older teachings.
So long as theories only are proposed as substitutes for the latter, we shall do
well to hesitate before we agree to the exchange.  And it cannot be denied
that Professor Aeby’s book, so remarkable in respect of anatomical study, is
no less remarkable for the amount of theory which it contains. But his
theories ave so closely dovetailed with facts, that to single them out isa work
of nicety. This will be best accomplished by means of a careful analysis of
the book, and by a separate consideration of its various contents under
separate headings,  With this object. all controversy must. for the present,
be postponed.

I.—Proressor Aepy's Facrs,

The facts brought forward by Professor Aeby may be arranged in two
classes :

A. Facts in refutation of previous anatomical errors. Several of these
corrections relate to the behaviour of the main bronchi and of the pulmonary
artery. and possess great importance. They will be fully given elsewhere.

B. Facts of another class arve entirely novel.  Thus some of the state-
ments refer to individual branches arising from the bronchial stem, in other
words, to primary bronchi, which hal not hitherto been the subject of
anatomical description. This study was unfortunately not pushed far by
Aeby ; and the purely anatomical deseriptions are few and short. They will
be noticed in connection with the systematic description of the bronchial
tree,

On the other hand, within this relatively limited range of anatomy,
Professor Aeby has crowded an astounding number of exact observations re-
lating to measurement, which render the work a monument of patient
research, It wounld be impossible to do justice to so great a mass of facts
even in mere summary. But the following headings will give some idea of
the direction which his labours have taken :

1. Measurements of the angle of inclination of the main bronchus, and
of its branches ;

2. Direction of the bronchial branches ;

3. Measurement of the © eparterial” and of the ‘¢ hyparterial ” sections
of the bronchial stem, expressed in percentages of the length of that
stem ;

4. Length of internodia separating the first four ventral hyparterial branches,
expressed in percentages of the length of the bronchial stem ;
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L

Length of interval separvating the ‘- eparterial” bronchus from the
trachea above, and from the first hyparterial * branch below, compared
with the average length of internodia in the * hyparterial ™ system ;

6. Distancos of the vavious bronehial tubes from the bifurcation of the
trachea, expressed in percentages of the length of the bronchial stem ;

Diameter of the bronchial stem at varvious heights, expressed in per-
centages of the diameter of the trachea ;

8. Diameter of the several primary divisions, expressed in the same terms ;

9. Ratio between the diameters of the latter, and that of the bronchial stem ;

10. Absolute initial and terminal diameters of the * eparterial ” and of the
* hyparterial * systems. expressed in square millimetres ;

11. Relative terminal diameter of the same systems, expressed in per-

centages of their initial diameters ;

12, Absolute calibre of the bronchial tree at varions heights, expressed m

sipuare millimetres ;

13. The same, expressed in percentages of the initial calibre ;

14. Aggrecate absolute calibre of the right and left halves of the bron-

chial tree, expressed in square millimetres

15. The same expressed in percentages of the tracheal calibre ;

16. Table illustrating the relations of the primary bronchi to the number

of pulmonary lobes,

et |

Many of the measurements, which have been enumerated above, were
carried out in specimens, or in metallic casts obtained from some 48 in-
dividual species, belonging to fourteen mammalian families, and most of the
tables, of which there is a great number, include separate columns for the
right and for the left lung respectively,

In the section devoted to the human bronchial tree the same analysis is
repeated with all its defail, in connection with specimens derived from a series
of individuals. DBut, in addition, elaborate tables arve here constructed. which
show the absolute, the relative, and the average volume of the pulmonary
lobes in the right and in the left lung in different sexes, and at various ages,
including the later foetal months.

A short chapter is devoted to the approximate measurement of the
pulmonary respiratory surface; and a concluding chapter deals briefly with
the subject of the bronchial tree in birds and in reptiles.

The human section is a mine of information concerning the measurements
of the trachea, bronchi, and primary bronchial branches, It is unfortunate
that these determinations should have been made exclusively on metallic casts,
a kind of preparation capable of great perfection of detail, but liable also to
SEriOus errors,

Such, in distant ontline, is the range of the fucts ascertained by Professor

Aeby.
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II,—IProressor AEeY's THEORIES.

The theories, for which Professor Aeby endeavours to find a basis in his
anatomical facts are limited to three, but their importance is far-reaching.
They respectively relate to:—

(#) The existence of a bronchial stem ;

(1) The monopodic branching of the bronchial tree ;

(¢) The distinction between an eparterial and an hyparterial segment in
the lung of mammalia, and the essential asymmetry, in man, of
the right and of the left lung.

Each of these theories must be considered separately in the following
pages,



CRITICISM OF PROFESSOR AEBY'S VIEWS,
Proressor Aepy's First THEORY :

Toe DBroNCHIAL STEM VIEWED AS AN AXIAL STRUCTURE.

Ix connection with the remarks to be ventured in this eriticism, it must he
pointed out that the theoretical nature of the propositions to he considered
limits the range of their discussion. Just as Professor Aeby has sometimes
failed adequately to support his theorvies with facts, facts may not be forth-
coming to overthrow them, and the conflict may of necessity remain one of
opinions. A discussion of this kind is not, however, without some utility,
since it may draw attention to the debatable nature of propositions which
have hitherto passed unchallenged, and to the need for decisive facts.

The ‘‘ Bronchial Stem ' of Aeby.—Anatomists in the past had
been content to look upon the remainder left after the delivery of the upper
lobar bronchus, as the lower lobar bronchus, on the left side, and, on the righi
side, as the bronchus destined for the wmiddle and lower fobes. With that view
Professor Aeby is unable to sympathize.

According to him, each lung possesses a fundamental (*° grvadlogendes™)
axial structure, which he terms the * bronchial stem™; but the axis in question
15 not sullpurﬂ_‘d 1}:,.' quq*h}r to be sym metrical l}' placed in the lung, Upon this
stem, as an independent basis, he appears to rest the whole svstem of pul-
monary architecture.

In most quadrupeds the disproportion existing between the * remainder,”
or continnation, of the main bronchus is much more obvions than in man;
and it is from a consideration of their bronchial tree that Acby derives his
strongest arguments in favour of the theory of an axial bronchus,  Among
mammalia, man appears to present the only instance in which the existence
of a * bronchial stem ” is difficult to recognize at a glance; in Aeby’s esti-
mation this is a difference rather in degree than in kind. The excellent
illustrations in Professor Aeby’s work sufficiently demonstrate how well the
axial theory fits the anatomical appearances in many mammals.  Even in man
a continuation of the main bronchus may be traced for some distance in both
lungs, as a tube somewhat wider and more divect than those which lwanch
from 1t,
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[

Facts and Reasons opposed to the Theory.—DBut the deseription
of the human bronehial tree, which will be given in Section II., affords proof
that in man any distinet trace of the “ bronchial stem ” of Aeby is lost below
the level of the upper third of the lower lobe. The same conclusion may be
also derived from an inspection of the photographic reproductions of human
bronchial easts contained in Professor Aeby's book.

His own measurements are singularly instructive on this point. The third
ventral hyparterial bronchus and the bronchial stem are found relatively to
possess a diameter of 5°1 mm, and 5°8 mm. in the right lung, and of 57 mm.
and 6°4 mm. in the left lung (foe. cif.. p. 74). a disproportion which is admitted
to be trifling.

[t might be snggested that it is unfair to disenss, in relation to one
particular case. a theory which was devised for general application, especially
since this particnlar case is pointed ont by Aeby as affording imperfect support
to the theory. On the other hand, if the whole mammalian eclass is to be
taken into consideration in connection with the question at issue, it must
remain matter of free choice which end of the series shall be selected as the
point of departure in the inquiry. Professor Aeby has preferred to start
from the inferior representatives of the group, which, it is only right to own,
are the more numerons; and the conclusions which he bases upon them are
made to apply, not without considerable strain, to the higher representatives
also. I propese, with a view to testing the theory, to reverse this march.
But I cannot lay claim to that even familiarity with human and with
comparative anatomy which adds so much weight to any views expressed by
Professor Aeby.  In the field of comparative anatomy I am dealing with
data, not my own, but for which I am entirely indebted to that observer.
Although this cireumstance detracts much from their value, the following
considerations may serve a useful purpose as suggestions arising from an
oppesite standpoint, and, at any rate, they may throw some side light upon
a train of thought developed by the excluside study of the bronchial system
in man.

Professor Aeby insists mainly npon the points of agreement which he
discovers in the two groups. But, by directing attention to the points of
difference and investigating their causes, we may step nearer to a correct
appreciation of the stem-like appearance deseribed by him; and we may
perhaps sneceed in tracing the diversities in its growth to some definite
anatomical and physiological influences, instead of calling to aid abstract
morphological tendencies.

Difference in the Thorax of Man and of Quadrureds.—
The contrast between the bronchial tree of man and that of most other
mammals, to which attention has been called, is associated with a no less
striking contrast in the shape of the thoracic cavity and in the anatomical
relations of the heart and of the lungs in the same animal groups. In man
the sternum is relatively long, almost reaching to the lower level of the
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dorsal spine, and the diaphragm, between its anterior and posterior points of herizontal

attachment, assumes a practically horizontal position. In a large number of
quadrapeds, on the other hand, the sternum is short, the dorsal spine extends
far below® the level of the xiphoid noteh, and the diaphragm acquires an
obligquity which may be oceasionally of considerable degree.  Moreover, the
heart, resting in quadrupeds along the dorsal surface of the short sternum, is
situated at a relatively higher level in the thorax than in man, in whom it is
supported by the central portions of the diaphragm. avd oceupies the entire
distance between the xiphoid noteh and the lower dorsal spine.

Resulting Difference in Bronchial Tree.—The long, narrow thorax
of quadrupeds, instead of being, as that of man, shallow and broad, is Hattened
f"UI" ﬂil[i' to Fil-ll', Iiki' 1![1‘ !{1'E'I. ﬁ{' H H]]iil, flll[l '.1'['!I.lILI_ I'I-I"I':-il"llr on transverse
section a heart-shaped outline.  The vertelral groove of the thorax acquires
in them considerable depth and widih, and being relatively long, it aftords
lodgment for a large mass of pulmonary substance.  Indeed, it may be said
that in these animals the bulk of the respiratory space is to he found in the
dorsal and postero-lateral thoracie resions.

To these regions air must be conveyed with diveetness and in guantity.
Henee the continnation of the main bronchus is decidedly dorsal in position.
and its channel is both long and wide.  Tts plane iz almost posterior to that
of the heart, which occupies a mesial position immediately behind the sternum.
1"‘|"ﬂ:|'|] a stem T]]I!:‘l lF]I'I.‘.‘I.'l-I. ].f!ll?_"' anterior I.lt":'lllf'llf"."'i “"i'l'lllh.] arise at a l'ﬂll:“-il:ll"rflllli'
angle, for the supply of the anterior parts ; and the short posterior hranches,
]'E"I:_"Ilr]'ill;'_{' EI.I'. ].'E'ILE'I'IIH.I' i'[}”-'l"l.'ﬂ]:‘i. “.'U“Iil rlll"lllt"l' :IL'L"P!I'“.'”I’_’ IIII" a'I."{i,q'l] Ell?]lf'fl]'l'lllll:"t"
of the continuation of the main bronchus.

In man the anatomical conditions are widely different.  The heart occupies
more thoracic space at the base of the thorax than at any other level, and
fills the mediastinum from front to back. Thus the main bronchi and their
continuation cannot become posterior to it, but they diverge so as almost to
-BHII,]T{I.UI: itu Ii;ﬂ 'l:"I'HEu:;'. II'I ljr”h_’l' “"l_l'l.'[.iﬁ, 1.-!"" |I|ili|l I.H"l F]]l,'\']][l.'."i =S il If":“.‘"- l-'I.fII"f'iq'i]..
or, in relation to each lung. a more central position in man than in quadropeds.
This central position of the bronchus, taken in conjunction with the relative
shortness of the human lung, and with the almost cireular outline of the
inferior aperture of the human thorax, necessarily leads to a breaking up of
the air-supplying stem into diverging tubes of almost equal size.  Among
the latter it becomes next to impossible to demonstrate the existenee of any
axial tube differing in value from other bronchi. It is also of importance
to note that the same cirenmstances give rise to a, roughly speaking, radi-
ating arrangement of the bronchial divisions,

Had not the size and position of the heart prevented the bronchus from
assmming, in each halt of the chest, a strict |_1!.f central |hr‘-:iliﬂ-1|, the radiating
arrangement woulld probably have presented absolute regularity, and the

# The terms anterior and posterior have here the same value as in human anatomy,  The
trunk is to be imagzined in the upright position,

Lli:t'lrllru:_"||1.
I cpuaddin-
!-|-||.-~1 S
s shiord,
diapsliagzin
0 T [T
Dhifferenees
il RSkl
sl |'|"|:1-
Piostiz oof
leeart, anal
in .-]|:||--- |
oy,

.l-rl'l'll'!ll'.qt
PO
e sl
loshiz in
ORI
reads,

[lenee 2
Freaeler
wiadth el
femgzth, anal
A alorsal
Ir'l‘;:‘lillih il
I|-||'|||i||||:|.
Il.llll ll"
Ivosmpelinis,
amil nn
axial api-
| R B [T

I wcme thee
||i1|" 'i*-. liims
ilosrznl,

| FRTTEEN

Oy e far
-|||||'r !ll|-|
wiilhe
I||-l|.'|'-.l
(RN TTR TR
dliviergees aned
rarliate
T

evenly,



I'he ap-
'!H'.H.I'.'I Tt i
a *bron-
chinl gtem™
a result of
anatomicnl
and physio-
logrieal
conditions,
not of any
ahstract
law,

Dichotomy
1k wiier
1|I1'|-:'.~Lrin||.
than the
(LR ||.Zi||g
(] [T

Timited
|-I|'||-'|_H" L'\f
ﬁl'.li.l_'\":\-i
i1|"."l'hliﬁ-"l-
tion of the
brouehial
|!l'l.'l.'r

Exiatonon
of dichio-
tamny at ihe
'EH'ti|I-|II':I_"|"
BUS] chieil
Ly i,

32 THE DRONCHI AND PULMONARY BLOOD-VESSELS.

“ hronchial stem” of Aeby which ceases to be recognizable in the lower
third of the human lung, would have become incapable of demonstration at
a yet higher level.

Conclusion.—It would thus appear that where it does exist, the
bronchial stem is the resnlt of anatomical and physiological necessities, and
that where it is missed, the disappearance 1s associated with analogous
changes in the anatomical and physiological requirements, It may, there-
fore, be held that, far from being the expression of an abstract law of
development the axial feature which Professor Aeby finds to be so character-
istic of the bronchial tree of most mammals, is in them associated, as a
result, with certain anatomical and physiologieal peculiarities, The almost
entire disappearance of the axial type in man strongly suggests that the
guestion is mainly one of adaptation.

Proressor AEpY's SECoND THEORY :

Moxoropic BRANCRING IN THE BroNcHIAL TREE, INSTEAD OF

DicnoTtomy,

Importance of the Question.—The theory of an *“axial bronchial
stem " applies only to the main bronchus and to its primary branches. It
may be held or rejected without any prejudice as to the characters of the
bronehial free in gemeral. Bnt a rejection of the principle of dichotomy
would possess much wider significance and should not he entertained
without deliberate consideration.  There are reasons for believing that
dichotomy prevails on a large scale in the depth of the lung. If this were
clearly shown to obtain, the primary divisions themselves might, on renewed
consideration, be found not to depart so widely from the type in question
as was at first suggested by their general features.

Statement of Professor Aeby’s Views.—The deseription of
the bronchial tree by the German anatomist does not extend beyond the
primary branches derived from the main bronchus. As far as they relate to
this important, but comparatively limited, portion of the bronchial system,
his remarks are obviously justified by the appearances. To quote his own
words (loc. eif., p. 4) @ * The bronchial tree is not polypodie, as was admitted
on the strength of the erroneous assumption of a dichotomous mode of
division, but strictly monopodie. This is also true of the further branching
of the lateral bronchi. Departures from this strict law do not, in general,
occur except in outlying distriets ; the contrast between stem and branch
gradually vanishing as they acquire equality in size, and outwardly assume
thereby the aspect of equivalent parts of a common whole. In the terminal
divisions chis is probably the rule, but on this point I possess no personal
information,”
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Wider Scope of the Author’s Investigation.—The present
investigation is not confined to any one portion of the bronchial svstemn, and
in nging the term ** bronehial tree,” I refer to the entire set of air-tubes, all
of which, from the trachea onwards, have been subjected by me to examina-
tion. Dut, whereas Professor Aeby starts from the anatomy of the primary
bronehi, and from them draws inferences as to the probable behaviour of the
smaller divisions, I am inclined to seek the genuine type of bronchial o,
architecture in those portions of the bronchial tree which are in intimate I'"I’l'
relation with the respiratory district. This difference in points of view :HI'“'
sufficiently explains a slight divergence in the interpretations awarded to vespivtory
anatomical facts concerning which there can be no disagreement. bl

Tracheal Bifurcation—Why Unequal ?—The first division oceur- The main
ring in the respivatory tract, that of the trachea, is an uneven one, and this wqul ;
is made to serve Professzor A :by’s contention. DBut the obvious inequality in I'l .I..i-e];'.l-..-} of
the size of the two main bronchi should not make ws regardless of the yet a bifur-
more important fact that they are the products of a Dbifureation. Theiv =
want of equality, as well as that of the lungs themselves, will be later on T
shown not to rest upon any principle of asvmmetrical eonstruction, but to he i
ultimately due to the unavoidable encroachment of the heart towards the lefi ekl
side. Similar reasoning is also applicable, on either side, to the primary
divisions of the main bronchus, the differences between which are most
obvious,—although DProfessor Aeby was the first to draw suflicient attention
to their inequality.

Dichotomy at the Periphery.—Dut the trachea and main bronehi The
are after all extra-pulmonary ;—and their primary divisions arve not con- |.I.'|"'I i
tained entirely within the pulmonary boundaries. The behaviour of the I ot
bronchial tree within the depths of the lung is a more trustworthy indica- dichotomy.
tion of the architectural prineiple upon which both are built.  The further
dissection is earried within the lung, the less rarely does cven dichotouy
oceur. At the periphery of the bronehial system perfeet bifurcation pre-
ponderates, and a multitude of simultancons and equal bifurcations take
place immediately above, or at the level of, the furthest bronchial zone.

These may readily be seen in dissections as lobular and sub-lobular
bronchioles, Moreover, under the microsecope bifurcation is found to be, Dido oy
to a great extent, the mode of origin of terminal bronchioles, ':.'..m'“ >

Even Dichotomy Unsuitable for the Lung.—Although, even Execptions
in the peripheral districts, instances of want of symmetry oceur, their *
pancity adds force to the rule; and it may be advanced that dichotomy is
unmistakably displayed both at the tracheal and at the pulmonary
extremity of the bronchial tree; and that it constitutes, so to say, the
alpha and the omega of bronchial division. But absolute evenness of Dichotony,

.| e
dichotomy is not to be looked for. Due regard being paid to the shape of j0 0
the thorax, unevenness is more likely than regularity, The products of a '1-:..5{'.--|.i.-u1
dichotomy which had been carried through with mathematical precizion would system.
|
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have fitted ill within the pleural boundaries. Nay, even the more elastic
principle of * monopodic branching ” requires, in its ‘n-".'fjll‘lxlnif_.r to be allowed
some latitude. All so-called principles, or laws, are overruled by a higher
law, the law of adaptation. But that principle will best lend itself to a
wide application which is least restrictive in its terms. In bifurcation pure
and simple, in other words in dichotomy not necessarily even, we possess a
principle sufficiently broad to cover every individual irregularity of form, and
sufficiently comprehensive to contain even that principle of monopodic
branching which Professor Aeby advocates in connection with the primary
divisions of the bronchi.

Uneven Dichotomy implied in Professor Aeby’s Theory.—
It is obvious from Professor Aeby's pleading that his ohjections are addressed
to cven dichotomy, which means the divisions of a tube into two erIml
derivatives equally diverging from it. But the words employed by him in
deseribing the mode of division which he recognizes, contains the admission
of dichotomy in a broader sense. Does not menopodic branching imply
that two tubes are invariably the outcome of division—viz., the parent tube,
which he considers to be axial, and the lesser tube, or branch from the stem ?
In the course of this investigation it will be shown that dichotomy, in this
sense, is a rule without exception in the lung, Professor Aeby admits in
one or two mstances a tripodic division ; but these exceptions exist only in
appearance.

It is mot contested that, for the larger tubes at any rate, uneven
dichotomy is the rule, and even dichotomy the exception. But, were it
only as a means of asserting that never more than two tubes originate
from the division of any bronchus, and that tripodic and tetrapodic branch-
ings do not exist, the use of the term dichotomy is both justified and
serviceable.

It admissible, the principle of dichotomy would save us from the
necessity implied in the adoption of Professor Aeby's theory, of assuming
monopodie branching at one level of the bronchial tree and dipodic branching
at another, It remains for us, however, to consider whether, dichotomy can
be reconciled with the instances which are argued against it.

By what modifications is the principle of dichotomy rendered capable of
adaptation to the varying requirements of shape and of space # The answer
is simple, but the facts are infinitely complicated.

Dichotomy Modified by Anatomical Circumstances.—Two
bronchial tubes arise from a common parent tube. Their disparity in diameter
is their most obvious feature of contrast, Whether this be called over-
arowth in the case of the one, or arrested development in the case of the
other, the difference is exactly correlated with equivalent differences in the
size of the relative pulmonary districts. Moreover just in the measure as
these districts differ in their situation, a difference will also arise between
the direction taken by the parent bronchus and that taken by each of its
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derivatives, And lastly, in ovder to suit the variety in shape of the indi-
vidual pulmonary districts, the length of internodinm of each of the products
of any bifurcation will often display considerable disparity.

Varying Internodia.—It may be incidentally mentioned that. in
general, the variability in the length of internodia plays a very important part
in the architecture of the bronchial tree ; and, if duly regarded, may serve as
an explanation for apparent irregularities, A comparison of the right and of
the left bronchial system is, in this respect, most instructive ; and it will be
pointed out later on that some internodia may become rudimentary in one
lung whilst retaining a fair size in the other, and wice versd.

Varying Angles of Divergence.—It is an clmost invariable rule
that of two diverging bronehi the smaller one diverges most from the divection
of the parent tube. This observation, which lies at the root of DProfessor
Aeby’s theory of monopodic branching and of an axial stem, is not in my
estimation incompatible with the assmmption of a pervading system of modi-
fied ﬂil;,'ht:dum:l.'.'F even when the divergence of one of the two branches is
ifinitely diminished (as inthe caseof the bronchial stem of Aeby) and when
this branch appears both in size and in direction to be the continnation of the
parent trunk, The rule holds good even in the case of the tracheal bifureation,
the left product of which is more oblique as well as smaller than the right,
But it suffers an interesting exception in the case of the loff pectori-apicnd
bronchus, to be elsewhere deseribed.

Cause of the Disparity of Tubes and Angles.—1 nevenness in
the size and in the divergence of bronchial tubes may be largely ascribed, as
already hinted in the remarks made concerning the influence of physiological
factors, to the relative delay which occurs in the earlier branchings of
the bronchial tree, as compared with its more rapid suldivision at the
periphery. It results from this circumstance that tubes of large diameter
supply to pulmonary districts which they traverse or approach, lateral
tubes of relatively small size, and that the latter avise at a comparatively
large angle.

In contrast with this delayed branching, and comparative infrequency of
divisions at the root, the internodia become much shorter, the angles of
{]i\'ergﬁncu less uneven, and the bifurcated bronchi less unequal in size, as
soon as the respiratory zome is reached. Yet, even in the depth of the lung,
many of the distributing bronchi which supply sub-lobular and lobular
branches, present, as a result of peculiarities of environment and of the
necessity for adaptation, an irregular course. Attention will presently be
called to some of these aberrant types,

Conclusion.—The foregoing considerations tend, in spite of priid fuct

* 1 warmly acknowledge at this stage the courtesy of Dr. Sheridan Delépine in com-
municating to me some of his unpublished observations on the eonstruction of the bronchial
tree, and my indebtedness to him for the suggestion of a view which anatomical obscrvation
bas cnabled me to confinm.
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appearanées, to support the view (1) that all bronchi are dichotomous; and
(2) that in any bronchial pair, the greater size of one bronchus is correlated
with the greater mass of lung-tissue which it must supply with air. Thus
unevenness of size is nob necessarily a negative evidence against dichotomy ;
and dichotomy does exist, at any rate in the limited sense that never more
than two branches arise from any one division.

With these reservations in favour of a pervading dichotomy, the use of
the term * bronchial stem ™ is conceded in respect of its convenience ; just as
the expression * bronchial tree,” conveying a purely metaphorical meaning,
was adopted for the sake of brevity.

Proressor Arpy's THIRD THEORY :

Tir ErarTERIAL ANXD HYPARTERIAL SYSTEM.

Statement of Theory.—The subsequent remarks will be more readily
understood if the fundamental ideas upon which the theory rests are laid
before the reader with some detail. For the sake of greater clearness these
views have been arranged in the shape of definite propositions, which, 1
believe, faithfully represent Professor Aeby's own statements.

1. Surfaces and Borders.—The human lung, in harmony with the
arrangement of the “lateral bronchi,” presents two borders only, which are
relatively anterior and posterior; and only two surfaces, an external or
parietal surface, opposed to the thoracic wallg, and an internal or visceral
surface, which faces on the one hand the mediastinum, and on the other
hand the diaphragm (loc. cit., p. 53).

2. Bronchial Stem.—A continuouns bronchial stem, or axis, pervades
each of the lungs, and from this stem successive bronchial divisions are
derived, just as so many branches might arise from the trunk of a tree.

3. * Lateral Bronchi.””—In their origin from the stem the bronchi
are either dorsal or wvealral, with one exception, that of the right upper
bronchus, which is neither ventral nor dorsal, but which supplies ventral and
dorsal branches as products of its own division.

. Bronchial Asymmetry.—The right and the left lung arve not,
in most mammalia, symmetrical in their lobes, neither are they symmetrical
in their bronchial supply.

5. The Pulmonary Artery as it enters each lung, bears a definite
anatomical relation to the main bronchus, and to its first branch; but this
relation is widely diffevent in the two lungs,

6. The Bronchus Crossed by the Artery.~—On hoth sides the
artery crosses the bronchus from before backwards, at a given point, which is
constant.  But in most mammalia and in man the passage of the artery
oceurs on the left side efore any branches have arvisen from the bronchus.
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All the branches of the left bronchus are therefore sitnated below the
artery ; they arve therefore termed hyposcterial.  The rieht hronchus on the
contrary is crossed by the artery effer delivering its first branch, The
pulmonary artery thus separates the branches arising from the right bronchus
into two sets, one of which is hyparterinl, the other cpoiteriol,

7. Instances of Complete Symmetry, in Animals.—In a few
mammalia the arangement is symmetrical on both sides, owing to a
symmetrical passage of the pulmonary artery; and in them both lungs
possess an eparferiel and an hyperteriol set of bronchial branches. This
arrangement i never seen in man.

8. Pure Hyparterial Type.—In one genus only (Hystrix eristata,
the hedge-hog), symmetry of an opposite kind obtaine.  In this animal
neither the right nor the left bronchus bears any branches superior to the
pulmonary arterv,  Both its lungs are entively hypeiterind,

9. Eparterial and Hyparterial Distribution.—In respect of
their ventral and dorsal branches the eparterial and the hyparterial districts
show a marked contrast. Whereas in the hyparterial the ventral and the
dorsal branches arise separately from the bronchial stem, in the eparterial
system they coalesce into a single eparterial trunk (the right upper lobar
bronchus).

10. Upper Right and Upper Left Lobe not Analogous.—
Inasmuch as in man and in most mammalia the left lung does not possess an
eparterial district corresponding to the right upper lobe, the sipeiior of the
two left pulmonary lobes, being hyparterial, is the equivalent not of the right
upper lobe, or eparterial lobe, but of the right widdle lobe which is hyparterial,
But the left inferior lobe exactly eorresponds with the right lower lobe,

11. Mixed Type.—The human lungs are an instance of a wived Zype
in which only one lung containg an eparterial district.

Eparterial Type.—The presence in some animals of a left
eparterial bronchus in addition to a right eparterial bronchus gives rise, in
them, to the frue eparterial Ly,

13. Hyparterial Type.—The absence of both eparterial branches,
where 1t occurs []u ||'|,-.1i:|'-., {'ll-lat.l] constitutes the fiwe f.ruyruh,rm.'r .".'lff.lu
which may be ]nn]ui.l upon as the lowest morphological expression in

mammalian pulmonary architecture.

14. Lateral and Accessory Bronchi.—In man the right and the
left hyparterial districts are almost identical, each possessing about four ventral
and four dorsal branches, in addition to some accessory bronehi.

15. The Left, a Diminished Lung.—The right human lung pos-
sesses, 1n its eparterial lobe, an additional district, non-existent in the lef
long ; in other words, the left lung is deficient in a true upper lobe, such
as would belong to the complete eparterial type of lungs,

Criticism.—Such. in bare outline is Aeby's ingenious theory, which
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may bz known in these pages as the ** eparterial theory.” Founded upon
anatomical research it is considered by its author to be unassailable ; and
hitherto the event has fully justified that belief. The diffidence with which
I approach its discussion is not due to my entertaining a belief of the same
nature, or even any doubts; but rather to respect for the authority which
belongs to any views coming from so distingunished a source; and especially
for the great value of the work in which they are conveyed.

Any ecriticisms now ventured against the eparterial theory are pri-
marily directed against its applicability to the genus Homo. In conneetion
with comparative anatomy my opinions can claim only a secondary value.
Nevertheless should evidence arise showing the absolute inapplicability of the
eparterial theory in man, its applicability to the mammalian series must
become exposed to serious doubt.  Professor Aeby's whole endeavour has
been to unify the bronchial peculiarities of the mammalian genera under one
comprehensive scheme.  If in the more limited district of human anatomy
the theory should prove to be untenable, it is but logical that the arguments
by which he has sought to establish the general fitness of his doctrine
should complete its refutation in the field of comparative anatomy.

Professor Aeby's Facts Correct, but Incomplete.—The facts
advaneed by Professor Aeby in eonnection with the eparterial theory are
obviously correct : we can only object to his having given us so few, Nay,
it was a misfortune that the analytical study of the bronchial system, which
he has initiated, should not have been pushed further by him before the
generalizing methods of comparative anatomy were brought into play. Facts
though correet may be incomplete ; and doetrines built upon them in their
immature stage may lapse into the rank of theories when further facts give
room for larger constructions. The anatomical facts hereafter to be deseribed
possess this completing value, Their conflict is with the theory not with
Professor Aeby's laborious conguests in the field of anatomy.

The Principle of the Theory questioned.—Although the adequate
criticism of the eparterial theory must of necessity be postponed to the seetion
of this work dealing with anatomiecal detail, it is possible even at this stage
briefly to examine the principle which underlies it. A question at once
arises ag to the competence of the standard used as a test for the morphological
value of the bronchial tubes. Are we sufficiently justified in using the
position of the ]&Illn:{}]m]'}' artery as a (ﬂm!itﬂ.tiﬂ‘. test 7 Is it Sﬂllim*il'.}' in
development, or is it greater physiological importance, which is considered to
raise the pulmonary artery so far above pulmonary structures, and to render it
standard-giving 7 Were precedence regulated according to bulk, the bronchial
tree, taken together with its parenchymatous extension, would be found in
mammalia greatly to exceed in cubic space the vascular, and therefore to be
more entitled to the first place among all pulmonary structures.

Alternative Terminology proposed.—That the lung is pre-emi-
nently an air-organ we may perhaps not venture to assert, for throughout the
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animal series the vascular component is a constant one, whereas the bronelual vaseular
= . = ~ & il :Il.'l;: wl-
component is only found in air-breathers. In the mammalian lung we 5. ..

ing sy stens

cannot do less than allot to the aérating mechanism at least an even shave of 1he s,

importance.  But if equal dignity should belong to vessels and to bronehi it bl A
would be as plausible to speak of the left pulmonary artery as < epilironchiol ™ el
and of the right pulmonary artery as © hypolionchiol 7 as to couple the Greek J“';'“'E‘]
prefixes with the name of the blood-vessel.

Practical Considerations.—It may he argned however that theo= and prac-
retical considerations such as these are not the best guides, and that in :.i_'-.'.'illl,':_I'"'r'-
questions of nomenelature it iz wiser to study convenienee.  This view also
may be p]n-:u]l-{l in favonr of the terms just proposed.  For it will be shown
in the course of the description of the bronchial tree that the emplovment
of such terms as ** epilvoneleind " and Chagpoteonelied,” althongh not indispen-

sable, would gerve a practieal purpose in surgical anatomy.
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SHECTION I

THE DETAILED ANATOMY OF THE BRONCHIAL SYSTEM
STUDIED FROM THE BRONCHIAL CASTS AND
FROM DISSECTIONS.

THE METHODS EMFPLOYED.

A BRIEF reference to the methods used in the present investigations will
serve as a natural introduetion to the anatomieal deseription of the hronchial
system.  The results were obtained by means of a combination of the methods
of dissection and of intra-bronchial injection. The two methods may be con-
veniently considered under separate headings.

A.—Dissection.
1. Disseetion of Non-tnjected Lungs.

Mode of Performance.—lor this purpose lungs were used either
fresh, or after short maceration in water, or after preservation in spirit. A
snceessful disseetion of the bronchial tree is essentially a work of patience.
The difficulty varies with the completeness which it is desired to attain in
the preparation, and culminates in the dissection of specimens intended to
show all three tubular systems in their smutual relations and in their relation
to the plewra.  DProfessor Aeby rightly points out that a lung, when slightly
sodden, becomes easier to dissect.  Lungs derived from the post-mortem room
differ much, according to the variety of their pathological conditions, in their
fitness for the object in view,  For the rest the usual methods and instruments
of dissection, a dissecting board and a large assortment of pins of various
sizes will answer all requirements,

:IJ Dhissection rLfLi;ﬁ'{'e'L'e!T .ﬁ'!-!}igﬁ‘.

Dissection Compared with Maceration.—The process of clean-
ing by dissection the casts of the injected air-tubes and blood-vessels is one
of excessive labour and difficulty, It is well to be provided with an assort-
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ment of forceps and scissors with varying lengths of blade and different

curves. But, even armed with the best weapons, the dissector will searcely Disscetion
escape the disappointment of being compelled to sacrifice, for the ;;n|11|11;-.1in|"1 LiicAts,
of his task, many of the finest and most ornamental ramifications of the ‘I‘I‘l'lr"r'l'ltjﬂ‘“
injection, I had, for the same reason, and on a very large scale, to submit tions,

to this almost unavoidable disfigurement of my specimens, The latter were,

however, dissected with ordinary forceps and angular scissors, The alternative

method, that of putrefactive maceration, is greatly to be preferred, whenever Macemtion.

applicable,

B.—Intra-bronchial Injections.

The Injection-mass.—The only material which can be recommended Fusible

is fusible metal. 1 owe to Dr. Sheridan Delépine the sugwestion of this R
excellent method. Numerous mixtures of wax, paraffin, resing, &e.. were
tried in wvain. Attempts to inflate the lungs permanently by passing
through them a continuous current of dried air ended likewise in complete
failure.
The fusible metal used had the following composition :— :.1.'1;‘:;.'.].'.‘._
o - : . . 2 parts
Lead . : : : : Y,
Bismuth . g ; . i S
Cadminm : : -

The melting-point of this alloy is 158° I

1. Tujeetion of the Lungs, in site, before opening the Chest.

Drawbpacks to this Method.—Of this proceeding I have no personal Meihod
experience. It is described by Professor Aeby as being extremely simple, 1000 1y
Were it as successful as it is stated to be easy of performance, its results Frofossor
wonld surpass in respect of anatomical truthfulness those attainable by any Iis uneor.
other method,  But, judeed by the photographs of specimens preparved by }I'I:'I:;'“'l"l
Professor Aeby with its help, it appears to be uncertain in its operation, and failures,
it must probably be held responsible for some of those conclusions of that
eminent observer with which I am unable to agree. It is only right to
suggest that the prineiple of intra-cadaveric injection may have been less at
fault than the manmer in which it was earried out.  DBut, under the most
favourable circumstances, there ave still inherent objections to its use, some
of which may be enumerated :

(1) Inability to judge of the fitness, or otherwise, of the organs to be Iuternt
® ] e llll -o* .||
imjected. Shircsons

(2) Inability to drain the air-passages from any accumulated secretion,

(3) Inability to empty the contents of the pulmonary blood-vessels,

and to control absolutely the factor of pust-mortem hypostusis,
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(4) Difficulty arising from cadaverie coldness in northern climates,

(5) Absence of any outlet for the pressure of air produced by the
injection (if forcible).

(6) Inapplicability of this method to the injection of the pulmonary

blood-vessels,
FiG. 1,
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FROXT VIEW OF BROXCHIAL TREE, DISSECTED AXD TRESERVED IX THE
WET STATE. (From a Plotogropl.)

The side of each square in the framework measures 2 em.

The specimen was obtained from the body of a child affected with old serofulous
disease.  Irregular masses of caleareons matter are seen below the trachea, and in the
right pulmonary root.  An inerease of the peri-ronchial fibrons tissue, and a slightly
webbed condition of the bronchi of the right lower lobe are additional abnormal-
itics,

The relations of the bronchi are somewhat disturbed, owing to the tubes being all
pianed to a plane surface ; and to some of them having been forced into unnatural
Pu;‘i,tirmﬁ, In this manner the right pnsinrim--lmri-.mmul bronchus and its branches
are shown in square C iv ; part of the left posterior-horizontal’s distribution occupies
gquare F v, &e.

Tt may ba In spite of these drawbacks (which, in pioneer-experiments for the

:‘:.f:"l;:::“' determination of the normal features of the bronchial tree, were but too

cases, likely to give rise to erroneous results), its employment for the elucidation
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of H_|1I'Fl:ll points may present great advantages, and it is well suited, as a
preliminary step, whenever a subsequent injection of the blood-vessels, after
removal of the lungs from the thorax, is intended,

FiG. 2.
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Dy SPECIMEY OF THE DROXCHIAL SYSTEM : FROXT YIEW, (Frowm a Photograpl.)

Dissected and pinned in the moist state, subsequently stiffened by drying,  The
wires of the framework eross cach other at intervals of 2 cm.

The bropehi had been severed from the trachea at the autopsy by jareed cots,
!I'L']l'lj.' of the small ramifications have 1]i~1i!lln':|1'|'li, ':'*-]-l'r'i:|]|_'|.' on the richt side
Moreover the right cardiac, anterior-basic, and posterior-horizontal districts are not
displayed to advantage; and the left pectoral distribution has been raised above its
normal level, disclosing the posterior-horizontal distribution.

'ij. _!H",r-l'r”l'fﬁ I':.fl .".lill'-" Jf.l'-'.'.l_-fj'-\' -I'n"'.f:fn i Jlrglﬂ .'.Iu-n""-'"rrf-."-l.-.u H‘u' jlr:r-rrrl.lllr‘

Advantages and Objections.—This method has yielded good results Method
in mv hands. and with sufficient eare is capable of complete suceess. It ;'|'::,']:':“:;1Ih|,'f.'
presents  some facilities  for lll:n]]f]bﬂ[:t!inn in which the other method is

deficient 3 but  the loss ol the natural support afforded by the thoracie
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l}al‘ii_‘tu_‘:-_'. adds ;_-']'L'u“:!.‘ to the l.-ﬁmclllt}' of 1its pt-rfm‘mnum- and to the l‘]i‘lﬂgt"l"
of a shifting of the specimen, or of a disturbance of its normal relations,
during the injection. This danger may be avoided with the help of appro-
priate mechanical means,

Modus Operandi.

Preliminary Measures.—The lungs are secured in a manner
which allows room for expansion, without any disarrangement of their
normal relations, and the necessary cannule and fittings must be fixed
into the orifices of the tubes to be injected with metal — namely,
in the ecase of an intra-bronchial injection, into the inferior orifice of the
larynx, or lower down into some part of the trachea; in the case of an
intra-arterial injeetion, into the common trunk of the pulmonary artery ; in
the ease of an intra-venous injection, into the inferior part of the left
auricle ; and lastly, in the case of a threefold injection, into each of the
orifices mentioned.  The metallic tube conveying the heated metal is made
continuous with the cannula, and the metal is injeeh*d under moderate
pressure until a steady resistance 1s felt.  When more than one set of tubes
were dealt with, the several systems were injected in suceession.  Simul-
tancous injections were not attempted; but they would probably yield very
good results. A previons warming of the lungs, and the application of
tolerably strong heat to the metallic tube near its pulmenary end, imme-
diately before the passage of the fusible metal, are precautions which 1
have found essential to the suceess of the injection.

The Injecting Apparatus used by me consisted (1) of an ordinary tall,
broad-necked bottle, provided with two tubes (the longer one being metallie
and reaching to the hottom); (2) of a pressure-bottle, provided with
proximal and distal taps; and (3) of a stomach-pump for the supply of
compressed air,

The bottle containing the fused metal was immersed completely in water
kept Loiling, and it was connected, on the one hand, with the pressure-
bottle, on the other hand with the cannula. As soon as, by a turn of the
tap, the compressed air had been admitted, active pumping was used
for the purpose of keeping up and increasing the pressure. The amount
of pressure applied at the onset and sobsequently, and the amount of
resistance which was taken as an indication to cease pumping, were not
registered in any way, as they might have been with advantage, but
were entirely left to appreciation by muscular sense and by personal expe-
rience, which proved to be satisfactory guides.

Active Pressure Indispensable.—The employment of pressure is
of primary importance. Professor Aeby thought that in the supine subject,
the proper weight of the metal, when it was poured into the trachea, was
suflicient to inject the bronchial tree. This, doubtless, would be the case with
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any permanent floid of high density; but, with fusible metal, his results
plainly demonstrate that it is otherwise. Some additional pressure is re-
quired in order to obtain the necessary velocity and to convey the fused
metal into the smaller tubes within the brief delay which precedes the
solidification of its surface.

The Avoidance of Undue Pressure was partly secured, in
my own injections, by the imperfection of the joints in my apparatus,
and by the elasticity of the india-rubber which formed most of the connec-
tions. But every operator must be prepared to learn experience at the cost
of a few failures, in the direction of either too little or too much pressure,

Failures and Faulty Results.—Rupture of the lung, should it
oceur, resulting in general escape of the injected mass, irretrievably puts
an end to the experiment. DBut more serious than this form of disaster
would be the ervor of mistaking, after maceration, the east from an im-
perfect injection for a faithful representation of the bronchial tree.  Errors
of this kind I have sought to avoid by comparing the casts with the resuolts
of numerous collateral dissections of non-injected specimens ; and by giving

the preference to the method by dissection as a means of isolating the cast,
Maceration removes all eollateral indications which might throw light upon
deficiencies in the injection. DBut, where the bronchial membrane is allowed
to remain in contact with the metal, tubes which the latter did not reach
are still there to tell the tale.

Concluding Remarks—The process of injection by this rough and
ready method demands of the operator quickness and judgment at the time
of injecting, in addition to a laborious preliminavy preparvation.  That the
difliculties are not excessive even in the case of a triple injection is shown
by the fact that the writer's successful injections, reproductions of which are
contained in this book, were conducted from beginning to end without
human aid or witness, although in other less fortunate injections the intelli-
gent help® which he received was truly welcome.

* Mr. Artlett, anatomicalattendant, and Mr. Philpot, museumattendant, at St. George's
Hospital, have both deserved my thanks for their faithful and willing services on various
oeeasions,
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THE METALLIC BRONCHIAL CAST.
GENERAL REMARks oN MerTanLic Broxcraian Casts.

Shortcomings and Fallacies in Metallic Casts, — Whether for
study, or for demonstration, a good metallic cast of the bronchial tree presents
advantages which cannot be surpassed |r"".‘ those of any other method at present
in use. Certain drawbacks are however inseparable from these advantages,
In the first place casts of the bronchi in general, but more especially metallic
casts, fail even to suggest the qualities of lightness, of pliability and of
mobility, which characterize the air-tubes and the blood-vessels of the lung:
they are rigid to a fault. Moreover, whereas in a non-injected lung the
mutual relations of the bronchi vary within definite limits corresponding to
the state of extreme distension and to that of extreme collapse of the lung,
the injection of a heavy mass within them is capable of materially altering
these relations, if sufficient care be not exercised; and any artificial position
of the tubes, brought about in this manner in a cast, is thenceforth
permanent,

Again, owing to the rapid cooling of the fused metal it is difficult, within
the brief delay, to inject enough metal to fill the peripheral tubes without
employing an amount of pressure which may lead to over-distension and
unevenness of those tubes which are situated nearer the trachea. Thus on
the one hand metallic tube-casts are seldom evenly regular; and on the
other the tubes may receive too much, or too little, or none of the metal
injected, The last-named is by far the most common defeet.

Degrees in Completeness of Injection : its Tests.—An abso-
lutely perfect pulmonary injection would fill the intra-lobular structure as
well as the bronchial branchings. A cast of this nature would be too
complete to be of use for the study of the bronchi, inasmuch as the latter
would be deeply buried in the midst of their injected lobules, and altogether
hidden from sight.

A less perfect, but more serviceable degree of injection is that which
reaches, but does not go beyond, the lobular bronchioles.

The uniform presence of the casts of the latter in all the parts of a
bronchial injection may be taken as an adequate test of its completeness.
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Fro®T VIEW OF THE METALLIC CAST OF THE BRoNCHIAL TREE, AND OF THE
PERICARDIAL MEMEEAXE; REDUCED RATHER MORE THAX } DIAMETER.

(From a Photograph.)
The side of each square measures 20 mm. (here 1o mm., nearly).

At line viij the three large arteries rise from the pericardionm, and the divided
pzygos vein is raised. At line ix the orifice of the divided left innominate vein may
be recognized, and above it, to its right, that of the right innominate vein, At the
junetion of lines X and F iz scen the head of o nail for the fixation of the specimen,
The lines of the sternal refleetion of the pleural membrane are dimly seen, resembling
the outline of a letter & The other markings are accidental holes or wrinkles., The
arrangement of the bronehi will be explained in connection with other illustrations,



i i
ij i
iij ]
o iv
¥ i
v ¥i
vij vij
viij viij
ix ix
. X
xj x)
xij %ij
xiij %]
xiv wiv
v Y
A I C I E k¥ G H [ K
BACK VIEW OF THE METALLIC CAST OF THE BRONCHIAL TREE, AXD OF THE

PERICARDIAL MEMBEANE; REDUCED RATHER MORE THAN i DIAMETER
I;_|i'r.-'|,|.'|r fid |r'|r.-n.r|-_|.l|'1n'_||-nr.l ]
The side of each square measnres 20 mm. (here 10 mm., nearly)

On the left side of the lower end of the trachen iz seen the aorta and its laree left-
hand branches. In square C x the dark maszs is the collapsed arch of the left
pulmonary artery. Its apical branch may be noticed rising for a short distance
behind and to the right of the apical bronchi. In squares C xij, C xiij the outlines of
the superior and of the inferior pulmonary vein come inte view. The aorta coneeals
the line of plenral reflection.

On the right side the vena azygos has been mised.  The dark mass in square G x s
the silhouette of the trunk of the right pulmonary artery, and of the right superior
I:.|:]||_||_t||:||':'.' 'l.'l.,'itl._ '|"|'|1' 1l|'i'_:'ill of the i]lt'l'!l'ilrl' |_:-II[11'|II1|.|1:I. vein il!al_:|'|'1- downw :Lr-Eh below
the bronchus, bevond line x).  The bronchial membrane has been removed from the
l)nri.]l]“::'ni I:;u'l_,t of the cast as far as the line of reflection of the EJ||_'|!|r.'|. The lower
end of the same line of reflection crosses obliquely square F xiij,
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On the contrary, wherever the bronchioles are missed, the value of those
tubes which carry injection can be judged only approximately from their
individual appearance. If the surface of a tube-cast be plainly indented
with transverse strixe, corresponding to the cireular muscular fibres, and if its
diameter should present no sudden diminution, excepting at the seat of a
bifurcation, a strong inference exists in favonr of the injection of the said
tube and of its immediate derivatives having been complete.  Nevertheless,
even then, we should bear in mind the possible contingeney that one or more
of its branches may have failed to admit the fused metal, owing to a tempo-
rary obstruction at the orilice.

Incomplete Casts.—All metallic casts which show ouly the larger
tubes, must be regarded with considerable suspicion. The failure of injection
of the medinm-sized tubes in such eases can only be explained (1) by an
imperfect supply of metal, or (2) by an imperfect amount of pressure, or
(3) by too rapid a cooling of the injection-mass.  Any one of these canses,
operating singly, would vitiate the experiment, and might lead to the non-
injection of one or more of the big tubes, and concurrently to the absence of
any trace of the small-tube itljn'i:l L0l

Unequal Results in Right and Left Lung.—It is important inei-
dentally to point out that the vight and the left lungs differ in the readiness
"'u"-'il'll “'Illll_']:l. I!EI'}' ]'I'l"l'i\'i' it Hli'“!”jl' il.lill'l:‘i i“]l. :L'II‘]. |]|'I‘ two casts are :l-i“. o 'l'l]'l."'
sent a marked differenee in the fulness of their detail. In my own experience the
difference has invariably been in favour of the left lung, the bronchi of
which have been completely injected even in eases where somewhat impor-
tant Dbronchi in the right lung had failed to be filled.  This difference in
behaviour of the two sides of the Dbronchial tree is probably correlated with
the greater |+:|;1._{Eh of the left bronchns, and with the smaller distance which
separates its apical and basic branches.

I have dwelt, at some length, upon this part of my subject, in view
of its practical importance, It is clear that metallic casts should not be
implicitly trusted, unless obviously complete in all their branchings. 1 have
not suceeeded in obtaining perfect injections of this kind ; but those which
I have obtained have been earefully checked by comparison with numerous
dissections of the non-injected bronchial tree, some of which were studied m
the moist state, and others, after drying. A similar precantion is to be
recommended in all cases,

Gexeral, Coxrieunarion of THE MeraLnic CAsT oF THE
Broxcoian TREE.
The Great Anatomical Gap in the Cast.—When viewed as a

whole, and from a moderate distance, the metallic bronchial cast yields a
rough reproduction of the outward shape of the lung. Iirst to attract
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notice, as an apparvent defect, is a considerable interruption of outline,
corresponding to the interval between the right upper lobe, and the middle
and lower lobes. A broad transverse gap extends from the outer border of
the lung to the root, and from the upper lobe to the middle lobe. Comparison
with the dissected specimens clearly shows that this is not a failure of
injection, but an anatomical gap. In the fresh lung, this gap is not foretold
by any break in the outline of the visceral pleura. The left bronchial cast
presents no gap in the situation described ; but its equivalent is found in
another position. In it the trachea and the pulmonary apex are separated
by a much broader interval than is the case on the right side. An inspec-
tion of the specimens with triple injection shows that both these gaps are
occupied by blood-vessels, The transverse gap in the right bronchial tree
accommodates the right lower pulmonary artery, the upper division of the
pulmonary vein, and some of their branches. The vertical gap, in the apex
of the left lung, is filled below and inwards by the arch of the aorta, and
externally to this by the left pulmonary artery, and by one of the branches
of the left pulmonary vein.

The Encroachment of the Pulmonary Artery occurs, therefore,
not only at different levels in the two lungs, but on opposite sides of the
bronchial tree, viz., on the inner side of the left and partly on the outer side
of the right. Moreover, on the left side the gap is not bounded above as in
the right cast, by a bronchus following a transverse direction.

No other difference of equal importance is noticed at first sight between
the two casts. But want of perfect agreement in details becomes evident
on closer inspection. For this reason it is impossible to give a single
description which shall suit both lungs; each lung must be dealt with
separately.

In connection with the preceding remarks, and with those to follow,
the reader should eonsult the illustrations, more especially those of the
metallic cast (figs, 10 and 11) and the diagrams (figs. 6 and g).
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REMARKS ON THE NOMENCLATURE OF BRONCHI AND
BLOOD-VESSELS,

Significance of the Absence of a Bronchial Nomenclature.—
No serious attempt appears to have hitherto been made to construct a
systematic nomenclature of the air-tubes.  Bevond the point of bifur-
cation of the main bronchus into lobar bronehi, they cease to be known by
individual names. This absence of a nomenclature may be taken to Nouwomen
indicate that the need for o nomenelature had not been *‘-"I]"'I'i"1l'5"?l-|- ‘ululr:n”._
In this absence lies also a further admission, viz., that the bronchial need feltio

£ CHATHTL

distribution had not been made the subject of a systematic study. Bronchial andne
tubes are still spoken of as being of the first, second, third, or other order, :.ltl.,"'"
This kind of classification may be theoretically satisfving to the mind : it is Ol nota-
nevertheless singularly inadequate for the purpose of expressing anatomical :'I'Ill'l"ll:'::'-i"-
conditions, Accuracy and eclearness of descript ion are not to be attained
without the assistance of some more definite terms.

Professor Aeby’s Classification.—The old classification was not Achys
found sufficient by Professor Achy in his inquiry into the bronchial system, |5
and there is special significance in the fact that, just in proportion to the ‘ll“:'“E*:':l
scope of that inquiry the old nomenclature, or, more aptly. the old system to seope o
of notation was modified by him. His investigation being  limited to the l;m,""
primary branches of the main bronchus, he did not snggest any departure
from the current terminology for bronchi of smaller size.  But the carly
branches studied by him were designated under new and more descripfive
names.  Had his anatomical deseription extended further, he would have D fimite
felt the necessity for a more complicated and a more definite nomenclature, bt
Indeed it may be said that in so intricate a study as that of the bronchial j.lllll-li-:.:.ﬂ.q-
system the naming of individual constituents is not only an object in itself, but dition for
also an indispensable condition for the accomplishment of the anatomical taslk. i:l.h.:i}-"_mul

We may so far anticipate the description of Professor Aeby's nomen- pfoseor
clature as to mention that whilst referring to the several primary branches of ~H.n.h..
the main bronchus to the extent of stating their exact number, he was con- «
tent to {'lur-x:-:i!'}' them according to eertam characteristics into three series. 4.
In each of these series individual bronehi were distinguished only by a ™
numeral.  In this respeet the new nomenclature was not mueh more than
a further elaboration of the old one.  And in connection with this fact i z'ff“'gl'l'{'__‘_il'
will hereafter be seen that although he had gone so far as to isolafe and wize uot
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ennmerate the various primary branches, their complete anatomical deserip-
fion was not attempted.

The Present Investigation has for its object to attempt a definite
description of the anatomical features of individual brenchi, not only of the
primary order but of more advanced series.  With this purpose in view, a
first objection to the old nwmerical method of notation is discovered in the
anu]t:plu ity of the tubes to be designated. But yet greater difficulties
stand in the way of the adoption of the old l'.ll-.LlL difficulties connected
with the ]:uwlmulw.w of the bronchial distribution. Had the attempt been
made to treat each individual bronchus as the local representative of a certain
degree of relationship to, or better, of descendance from the main bronchus,
values of the greatest diversity, in respect of size, would have been repre-
sented by identical numbers ; for a considerable difference in the size of tubes
of equal degree of descendance is but the natural outcome of the great
differences in the length of the internodia between suceessive bronehi, and
of the prevailing unevenness of dichotomy. Moreover little help would have
been offered by this notation towards the loealization of the various tubes.

The Employment of Definite Names in addition to numerals was
unavoidable, for the reasons which I have stated. DBut the selection of
suitable terms was felt to be a responsible duty. Bearing in mind the
practical object to be attained, as well as the difficulty which the reader
would inevitably experience in mentally identifying the position of any tube
of which he was pernsing the description, I thought it expedient to notify
as much as possible, in the names given to the bronchial divisions, the
thoracic region, or the pulmonary distriet, or the neighbouring organs, which
would most (Il:ltl\' define the exact sitnation of the tubes. “ ith what
measure of success this intention was fulfilled the subsequent matter will
afford an opportunity to judge. Whether or not the majority of the names
may be found to deserve permanent adoption, they will, at any rate, serve
the temporary purposes of deseription in this book.

Nomenclature of Blood-vessels.—In the nomenclature of the pul-
monary blood-vessels the same principle was made to serve. Indeed, with
few exceptions the names applied to the bronchi were also applicable to the
blood-vessels, or at any rate to the arteries, and their adoption presented
among other advantages that of uniformity.

Synoptical Tables of the bronchial ramifications have been constructed.
They will probably be uwseful in conjunction with the diagrams, and with the
reproductions of actual specimens.

A Lettered Notation associated with a number indicating the degree
of relationship to the main bronchus has been appended, in the systematic
deseription, to each of the bronchial tubes deseribed. The object of the
notation is to facilitate the endeavour to follow, mentally, or on the plates
the successive changes in direction suffered by the air channels from the
trachea down to any individual tube. Its principle will be explained at the
beginning of the detailed anatomical description.



PROFESSOR AEBY'S NOMENCLATURE AND THE AUTHOR'S
ELEMENTARY NOMENCLATURE.

PRELIMINARY OBSERVATIONS,

The Three Classifications. — Reference has  heen made, in the
preceding  pages, to three nomenclatures or classifications: (1) the old
classification, (2) Aeby's modification of the old elassification. (3) the new
classification devised by me. OF these, the last two only require special
notice ; and I now propose to take them jointly into consideration.

Risk of a Confusion in Names.—The object of a nomenclature heing
to provide the means of better distinguishing from each other the bronchial
tubes, and of thereby facilitating the study and deseription of the bronehial
system. our first duty is to avoid any measure capable of adding fresh com-
plications to that study. The danger of aggravating existing confusion is
imecidental to all new nomenclatores, but more especially to a nomenclature of
the bronchial tree. The danger in this case is of two kinds, There is a risk
of a confusion in the names, and there is also a risk of a confusion between
the tubes to which the names refer.

Thus the names themselves might be multiplied unnecessarily ; or snch
of the older names as could have done good service might be rejected, whilst
less suitable terms might be put in their place; or asain a given name
possessing, in an earlier nomenclature, a certain meaning, might be introduced
into a later one with a diflerent Hign[ii:':mvv, and thus objects t~.-::-'4-n1i:|'||}'
different might run a risk of being thought identical or alike. These are but
a few of the faulis of which a new nomenclature is capable,

Risk of Mistaking Identity of Tubes.—()uite as serious is the
confusion which, apart from any doubt connected with the terminology. may
affect the names in their application to the tubes. It must be remembered
that, between the varions bronchial tubes, there is much resemblance.  To
determine, in the actunal specimen, which tube is meant in the nomenclature
under a given name may be a task of some difficulty,  The risk of confusion
grows and becomes complex, when a second nomenclatore is added.

Necessity of Reviewing Aeby's Nomenclature.-— Some of the
dangers to which I have hinted may be obviated by obtaining a full prelimi-
nary acquaintance with the nomenclature which it is desired to supersede
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before venturing to suggest any other in its place. It is therefore necessary
that I should give a complete account of Professor Aeby’s nomenclature,
before 1 |p:|\}|:-41-1l to propose my own, In eonnection with the latter it will
be my endeavour to avoid any chance of a misapprehension as to which tubes
i the specimen correspond to the names. But, with l't*gurd_ to Professor
Aeby's classification, I cannot entertain the same confidence, feeling some
hesitation as to the identity of some of the tubes to which he makes allusion,
I shall call attention to this uncertainty wherever it exists : in all other cases
it will be understood that any dounbt as to identity is excluded.

Comparative Study of both Nomenclatures.—The preliminary
considerations into which I have entered will probably suffice to explain the
advantage likely to acerue from the comparative study of the two nomen-
clatures.  The simplest and the most effectual way of comparing them is to
view them simultancously ; and, with this object, I have arranged them side
by side, in the shape of synoptical tables. (See pp. 54, 55.) Moreover, in
order to gnard against the danger of any mistake in identifying the tubes in
question, and to further facilitate reference, I have likewise brought into
juxtaposition diagrams representing the two schemes of the bronchial tree
(see next page), my own and that of Professor Aeby.

ProrEssoR AEBY'S NOMENCLATURE OF THE BRONCHIAL TREE, STUDIED
FROM THE DIaGRAM.

For greater clearness in the exposition of Professor Aeby’s views I have
ventured to reproduce, from his work, the diagram representing the front
aspect of the bronchial tree in man.

The Diagram (fiz. 5) gives special prominence to the ** hronchial
stemn 7 (of Aeby). The trachea, the main bronchus of each lung, and the
bronchial stem, which is but the bronchus continued, are all readily identi-
fied in the drawing. The annular shading which represents the eartilages of
the trachea is continued downwards along the main bronchus to its extremity;
and this tube is represented as axial. The shading, which is confined to this
one tube, has presomably no significance beyond facilitating the recogni-
tion of the bronchial stem ; and does not convey the meaning that any
difference in the structure of the bronchial walls exists between this tube and
its branches. No statement snggesting sueh an interpretation is made by
Achy.

The Pulmonary Artery.—The important difference in the situa-
tion of the right and of the left pulmonary arteries is also made con-
spicuons : it will be noticed that the vessels are here represented in section
at P. and P.

Lateral Bronchi.—Two sets of branches are seen to arise from the
stem. They are lettered in two series as v. 1; v. 2; v. 3; and v. 4; these
are, in both lungs, the hyparterial ventral branches: and asd. 1; d.2; d. 3;






'royFesson AERY's DraGgram oF THE BRONCHIAL TREE; FRONT VIEW.

£ B, : Main bronehi, arising from the trachea, and, in either lung, continued into
the bronehial stem.

e, : Cardiac bronchus (not represented in the left lung).

i, dy dr Hyparvterial dorsal branches, evenly present on both sides.

ep. : Eparterial bronchus, found only in the right long,  Its ventral and its dorsal
divisions are shown.

ty O 5 ¥, 0 Hyparterial ventral branches, evenly present on both sides.

£ P Situation of the right and of the left pulmonary artery after crossing the
bronchial stem.
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The aorta and, below this, the left pulmonary artery are seen above the left bronchus.—Delow and to the left of the left
pulmonary artery are seen (1) the left upper lobar bronchus, (2) its ascending branch, the pectori-apical, and (3) its descending
branch, the cardiae.—Immediately above the right pulmonary artery, is the right wpper lobar bronchus, or pectori-apical.  To
the inner side of the artery arises the eardiac.—The letters o, ex., p., indicate in both lungs respectively the apical, the
axillary, and the pectoral distributions.—p. k. points to the extensive posterior-horizontal distriet; some distance lower is
e b, g b, represent the anterior- and the axillary.-basic districts ;

seenm the small lesser posterior-horizomtal bronehus.- i
e v e, the cardiae and the retro-eardiac branches. The |Hl"|l'flii.l'!"ih'1'~:‘1' distribution is shown behind the anterior-basic
bronchi.

* Ihtails are not sufficiently faithiful in this diagram, whicl was not dimwn by yself: But it willl give a rougl idea of the position aud

distribution of the larger fnles,
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and d. 4; these are the hyparterial dorsal brandies,  All these hyparterial 1l and
branches receive from Aeby the name of “ lateral broneki.” i ;:.'.-'-:...H.

The Eparterial Bronchus.—The left bronchial stem carries no other 1ol
branch. But the right bronchial stem gll'l.'t'ﬁ rise to a large bronehus (Fp.) brunchus;
immediately above I ; and lower down, and towards the middle line, to a
smaller one

"The important branch (Ep.} is, in Aeby's terminology eparterinl. It divides its vonl
into anterior or eparterial vealval branches, and into posterior, or eparteriod i 0=
dorsal breaches,

Disparity of Left Lung.—If, in ihe diagram, the ountline of the Ateoues
Lronchus (Ep.) be temporarily covered, so that its origin and its branches be ;I;::Ij.'-T:lI-.-IFIi
hidden from view, the right bronchial tree will have the appearance of being Ll1|1“ left
almost identical with the left. The members of the ventral and of the dorsal =
series in both would then correspond with each other almost exactly, with the
sole exception of the branch C, which does not appear in the left bronchial
tree.

‘“ Cardiac Bronchus’® of Aeby.—The origin of the branch (') is Ovizin of

seen to be neither ventral nor durs‘nl, and therefore excludes 1t from the two Ill-.ll-.-..:.-li.uc

{47 ) awask
H x s i u ventind or

the only air-tube upon which Aeby bestows an individual name. dorsal ;

Oﬂﬂaﬂiﬂnal k4 Cﬂl‘diﬂ-ﬂ LI}hUIE.”—II 12 noi HLl;_’;_"r'r¥11~;] i-'f.' '|||'|n Elink its con-

bronchus (C) is otherwise than constant—on the contrary special prominence R
15 awarded to it, owing to its constancy, to its size, and to the civcumsiznce :'IH':'I'I.I'I'I':i""
that in some animals it forms the basis of a separate lobule in the right lung, it

It must be noted however that no cardiac branch is described ]n}' him s :::?.,:,',]'1-__:|I|II-"
forming part of the left bronchial tree. T

Accessory Bronchi.—In spite of its constancy, the eardiae bronchus 1t serves

a5 special

SETICS 1}1‘1“-"im1:-='|]f mentioned. It is deseribed as the  eavdioe bronefins” |=It"|1l:'_"

15 made in ;\.Uir}".‘-‘. nomenclature, to serve as the tvpe of an inferior class of

LB LA
air-tubes.  These ave the eceessory broneled (* neben=bronchen ), so termed on ¢ -"""l"_“"_'j}'
: . ; o roaadebid 3
acconnt of their apparvently less regular and less constant situation.  In their
H = T F . variability =
contrast with this exceptional instance, the eecessory bronchi are stated to be g o
sifes, Tl
= = % = |--'-:--| Ii ||-_
classes.  But, in most of the latter, they are Hlll"['l'rl”\.' abundant 1 the lower to e
part of the bronchial tree ; and they oceur always on the inner side of the oo e
il =0

Lronchial stem (loc. cét., pp. 6 and 7) and most frequently posscss a down- !

witrdds,

Htllrjl't‘-l to variatious, in their number and position, in the several mammalian

ward direction.
The Rank of Accessory Bronchi.—As far as I have been able g, 00
to gather the meaning of the remarks of the German author, these tubes do “55ntally
not possess the value of typical primarvy bronchi; they arve rather to be benby
regarded as the dorsal and the ventral branches of the latter,—in other ey drlso
words, as ** sceondary bronchi”  Whenever, as in the lower portions of the 5~
bronchial tree, they arise directly from the bronchial stem, this is the vesult cven the
of a transfer (Uebertragung). Neither their origin from the stem, their wypical
number, nor even their size, should be allowed to establish a confusion




NOMENCLATURE AND ORDER

OF THE PRIMARY BERANCHES OF THE MAIN BRONCHUS, OR ITS CONTINUATION,
COMPARED WITH PROF. AEBY'S NOMENCLATURE.

RIGHT LUNG.

AUTHOR'S NOMENCLATURE. AEBY'S NOMENCLATURE.

1. Upper-lobar Bronchus . 3 ! . 1. Eparterial Bronchus,
(or Lit. Pectori-apical L.)
2. Middle-lobar or Cardiac Bronchus . 2. First Hyparterial Ventral Bronchus.
3. Posterior-horizontal Bronchus ) G 3. First Hyparterial Dorsal Bronchus.
4. Retro-cardiac Bronchus . ; : ! 4, Cardiac (Accesst
Bronchus.

5. Anterior-basic Bronchus . : x : 5. (¥) Becond Hyparterial Ventral Broncet
8. Lesser Posterior-horizontal Bronchus 6. (*) Second Hyparterial Dorsal Bronch
7. Axillary-basic Bronchus . y : : 7. (¥) Third Hyparterial Ventral Bronch
8. 8. (*) Third Hyparterial Dorsal Bronchu
9. Posterior-basic Bronchus . . g 9. (¥) Fourth Hyparterial Ventral Bronel
10. " i i s Bl e 10. (¥) Fourth Hyparterial Dorsal Bronch

N —A FUErY ‘!JIHJ"L'I'E f.lg':u'r' SOE ﬂf the nanies :I‘J'-l‘e'-" i Ty f:'fl'qf: .ff{.’!’y -5‘-4‘;']”



NOMENCLATURE AXND OLRDELR

OF THE PRIMARY BRANCHES OF THE MAIN BRONCHUS, OR ITS CONTINUATION,

COMPARED WITH PROF. AEBY'S NOMENCLATURE.
LEFT LUNG.
AEBY'S NOMENCLATURE. AUTHOR'S NOMENCLATURE.

,':‘.-IF:‘ J’-}r I"||rl"|r.l,;-
Upper-lobar Bronchus apical D,

3

(or Broschus Lu‘,urrrj'l

First Hyparterial Ventral Bronchus . g 2. Cardiac Bron-
chus.

First Hyparterial Dorsal Bronchus . i 3. Posterior-horizontal Bronchus.

4. Retro-cardiac

Bronchus.
* S8econd Hyparterial Ventral Bronechus 5. Anterior-basic Bron-
chus,

?) Third Hyparterial Ventral Bronchus . 6. Axillary-basic Bronchus.

Lessor Pos-

-} Sacond Hyparterinl Dorsal Bronchus . ¥ e
horizontal
5 y Eronchus,
¥*) Third Hyparterial Dorsal Bronchus . 8. Posterior-basic Bron-
chus.
) Fourth Hyparterial Ventral Bronchus o,
%) Fourth Hyparterial Dorsal Bronchus. 10. " ” "

I oas fa fll:'l"_.l':ffl'”'-' wheels showted be f.-.r.ll,r;,r"a_'g.i' fo then in M :"_a,.'J-'H_Ir-'.'n'.*.
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between them and the genuine “typical bronchi,” enumerated in the
nomenclature.

Accessory bronchi are most usually given off from the anterior aspect of
the bronchial stem. In some animals they are altogether absent behind,
although still oceurring anteriorly.

Accessory Bronchi in Man —In man (loc. cit., p. 53) accessory
bronchi play a very subordinate part. Their only important and constant
representative is the cardiae bronchus found in the right lung.

Position of Lateral Bronchi at their Point of Origin.—
It will be noted that the origin of the ventral bronchi is depicted as lateral ;
and that o, on the right, and d, on the left side, are rather internal than
dorsal in their origin. In this connection the following passage from the
German book, although oceurring in the section devoted to Mammalia,
deserves to be guoted (loc. eit., p. 6):—* The two rows of lateral bronchi are
never exactly opposite each other. The origins of the ventral bronchi
always drift outwards and backwards, and they approach so closely” those
of the dorsal branches, that nn.l;r i NArrow .‘-;lrip of the bronchial stem
intervenes. This is for the reception of the chief artery after it has arched
backwards with rapid eurve, over the first ventral bronchus.”

Short Analysis of Aeby’s Bronchial Tree.—In conclusion the
bronchial tree of man, according to Aeby, consists of the following parts :

1. Bronchial Stem ;

2. Eparterial Bronchus and its ventral and dorsal branches—
occurring in the right lung only ;

3. Hyparterial Bronchi occurring evenly in both lungs and classified
into

a. Four Ventral Hyparterial Bronchi,
. Four Dorsal Hyparterial Bronchi ;

4. Accessory Bronchi, of which one only, the Cardiac Bronchus,
(which 1s not found in the left lung) possesses any considerable size.

Tue AvrHor's NOMENCLATURE, STUDIED FROM THE DIAGRAM.

Chief Points of Difference.—The diagram (fig. 6) is more compli-
cated than Aeby's diagram, owing to the introduection into it of branches
other than the primary. Thereby it is made to appear more different from
the latter than it is in reality.

Even, however, if we disregard the smaller branches (not all of which
are as faithfully depicted as I could wish), and if we eonfine our attention
to the primary divisions,—a few essential differences between the two
diagrams still remain :

1. No shading or other distinctive mark has heen used in the
anthor’s diagram for the purpose of distinguishing one bronchus from
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another, all bronehi of same size presenting, in the human lung, identical
structure.

2. The aorta, which possesses ill'lil-ul"i:ltﬂ' relations to the left bronchus
and to the pulmonary artery, has been shown, in section, in connection with
the latter.

3. The origins of the varions bronehi. in relation to the surfaces of
the main bronchus (or of its continuation), do not occupy the positions
which are allotted to them in fir. 3.

4. The names appended to the tubes in the {]i:l:_]:l‘."lTﬂ are altogether dis-
tinct from those employed by Aeby. |

Chief Points of Agreement.—If we put aside these differences some
general agreement may be traced between the series of branches respectively
depicted in each diagram.

Thus in the right lung :—

1. The Upper-lobar Bronchus corresponds with Professor Aehy's
“ eparterial bronchus,” and carries anterior, as well as posterior,
branches,

The Middle-lobar (Cardiac) Bronchus arises at the same
level as, althongh more anteriorly than the bronchus described
in Aeby’s diagram as first hyparterial ventral.

3. The Posterior-horizontal Bronchus occupies the position of

Acby's second hyparterial dorsal branch.

4. The Retro-cardiac Bronchus likewise tallies with Aeby's cardiac
branch,—excepting in its mode of origin, and in the name which
It receives,

5. The second hyparterial ventral branch of Aeby is vepresented herve by
the Anterior-basic Bronchus, allowance being made for
the peculiar position given, in the German diagram, to all the
ventral branches,

6. In the Lesser Posterior-horizontal Bronchus may e recog-
nized the second dorsal branch of Aely.

7. The Axillary-basic Bronchus corresponds to the third hypar-
terial ventral branch.

8. The third hyparterial dorsal branch has a representative in the
Inferior Dorsal Bronchus, a secondary branch not specially
lettered in the diagram,

o and 10. The anterior and the posterior divisions of the Posterior-
basic Bronchus respectively correspond to the fourth ventral
and to the fourth dorsal branch of _-'U-]r}',

Ld

In the left lung :(—

1 and 2. The Upper-lobar Bronchus, which Aehy designates under
the name of first ventral hyparterial bronchus, differs widely

Tl morta
displaved,

T e

i (1l FI 5:11
Grizing
different.

The names
differ.

Identical
tulies in

tsiotls dliq-
CEmE,

Their new
e, in
right lung ;

inlelt ]I:Ill:_-:'.
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from the right upper lobar in serving as joinf origin for the
Pectori-apical Trunk and for the Cardiac Trunk. I
have termed it Bronchus Impar.

. The Posterior-horizontal Bronchus is the equivalent of the
first dorsal in the other nomenclature,

4 and 5. The Anterior-basic Bronchus may be taken to be the
bronchus which Aeby describes as the second ventral ; although
in his diagram the latter takes its origin from the outer side
of the ** bronchial stem.” The Retro-cardiac Bronchus
arising from it, and corresponding to Aeby’s * eardiac bronchus ™
in the right lung, is not mentioned by him in connection with
the left.

6. Arising next in the descending series, the Axillary-basic
Bronchus claims the position of the third ventral in Aeby’s
diagram.

. The Lesser Posterior-horizontal is the second dorsal branch
according to Aeby. It is a branch from the posterior-basic
bronchus.

8. The third dorsal branch is represented by the Posterior-basic

Bronchus.

g and 10. The anterior and the posterior divisions of the Posterior-
basic Bronchus, as in the right lung, represent the fourth
ventral and the fourth dorsal branch of Aeby's bronchial stem.

Lrd

el |

The correspondence thus shown to exist between the two nomencla-
tures is, for easier reference, set forth in a tabular form on pp. 54. 55.



CLOSER INSPECTION OF THE BRONCHIAL CAST. MODES OF
DIVISION OF BRONCHI.

GEHEI‘E]. Rﬂ-dlatlﬂg A.rrangement.—-'l"]u,- 5'_1:'1'r||'l';|_| ]h];m of the ]m-i;”;'hj;:[ Tadintion
distribution iz, in a broad sense radiating (sec fizs. 4 and 7). since the R
extensive sub-pleural surface of the lung. for the greater part  convex. U LR
dervives its supply from a comparatively limited vegion, the pulmonary voot,
This may be seen most plainly from the posterior view of the east where
the early branches are within sight.

No True Centre of Radiation.—There is. however within the lung.
no precise centre of radiation.  The divergenee of the larger eonehi ocenrs
in various directions : upwards, outwards, backwards, forwards, and down- an veoneni

Cotive T

wards,  If we teace them Dom their |l|']'ii1|||'l“'; to their ovigin, they are seen

towarils n
to converge towards a shorf cerfieed e, ||;|1|],.|}-_ towards that secment of ::gl.l..l.,l-1“1:-l.l.?.
the main bronchus {u]'._ :-"l."lli'll|:l.'_. of its L‘r1||t:|t|]1:11il:|||ll which i1s Em']m!q-q[ |J|-rv.';-|-|| |Irh.- B -
the orvigin of the upper-lobar bronchus and the origin of the three basic ;'il,',':;_,'fj:“'
Lronchi.

Secondary Systems of Radiation.—Inasmuch as in each lobe B
the supplyving bronchus gives vise to a roughly radiating  svstem,  the E'.lr.hf."
regularity of the general radiation first mentioned is broken up to a certain
extent,

Again, a fun-shaped arvangement is commonly seen in the branchings Fauslapd
of individual |rl'it'|]:1l'_".‘ broncehi.  The most st I'i]{[h;_-' instance of this kind is SUstE e
gseen in the left 'i:q_':_-cr;-1'5(:r-|lt:|'i?.{rnTzll distribution.

Peripheral Sub-lobular and Intra-lobular Radiation —

Lu:-:1]:~.'. a radiating avcangement is faintly indieated, at the great convex Swb-lobubir

| FTTTR] [T ) O

surface of the lungs, by the direction of the sub-lobular tubes perpendicular

u ' a s " . . il i
to the free surface.  And within the lobules in every situation. the tendeney e

to radiation is dimly represented by the intra-lobular ifurcations. Intra
Individuality of Primary Bronchi.—The closer they ave placed pinrestion,
to the root the more individuality do bronchi display in their shape and in 4, i

their direction. Whereas from the general appearance of the cast of anv '1'““"1[-"'1
y = . T Lo R
peripheral bronchus, isolated from the other tubes. it would be fmpossible is capable
T i 4 et : v of beiug

to tell the exact position which was occupied by it in the bronchial tree, in 3

recoEnized,
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the case of a large bronchus, thus isolated, identification would be comparatively
casy to the expert.

Constancy in Primary Bronchi.—It may also be stated of the
larger tubes that their position and arrangement are constant in man. The
same constancy, which is capable of demonstration in them, most probably
also prevails, as a rule, in the smaller tubes as far as the periphery. Indi-
vidual peculiarities would however occur more frequently within this district
than at the pulmonary root.

Abnormalities are not absolutely restricted to the smaller bronchi.
The latter, in addition to the chances which arize from mere numbers, are
more exposed to external pressure and possess less resistance. But irregu-
larities are occasionally also found in the larger tubes from causes which
have not hitherto been treced.  None but these coarser abnormalities would
produce any obvious modifieation in the outline of the bronchial tree. I
have observed abnormalities in the middle-sized branches, but their import-
ance has not been such as to mar the general features of the specimen, taken
as a whole; and as to the smallest tubes, peculiarities in their arrangement
would be hardly perceived at first ﬁighl:.

Advantages Special to the Mode of Origin of the Primary
Bronchi—The origin of the larger tubes at the pulmonary root, from a
vertical line instead of from a point, constitutes a decided gain with regard
to the distribution of air. In this manner bronchi originate nearer to
their respective peripheral districts than they could have done if the
division of the main bronchus had taken place at a central point within the
long pulmonary boundary.  Although the actual distribution of air to the
pulmonary parenchyma is not a part of the functions of the large tubes, it is
essential that the air should be transmitted through them to the smaller
tubes with the least possible friction and with directness.

Secondary Bronchi.—In like manner the earlier divisions from the
primary bronchi, constructed for the same purposes as the latter, and obeying
the same rules,are relatively few, and their internodia are relatively long. Thanks
to this arrangement the periphery is approached by few and rapid strides.

The Central Framework gives the Bronchial Directions.—
Thus, although passing between lobules, the primary, the secondary, and
sometimes the tertiary division from the main bronchus bear no lobules of
their own. Lobular bronchioles do not arise until by a more rapid progress
of bifurcation the larger tubes have broken up into a central framework,
shaped into almost as many directions as are, with growing complexity,
represented at the periphery.

Parietal Sub-pleural Bronchioles.—The sub-lobular bronchioles
which are situvated at the parietal surface of the lung preserve, almost
unmodified, the leading divections supplied in this manner by the central
framework ; and the same may be said of some of the less superficial
bronchioles.
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Central Bronchioles.—Dut the casc is very different with those coum
lobules which make up the inner bulle of the Iiiuf_{, Tl L.‘Il'ltl'l"l' lobules ape 'rouchides

Shie
arranged with endless variety of axis, and their supplying bronchioles :c::-'ffllilli:l
assume in consequence the most varied divections.  The mode in which '
this variety is attained may be briefly explained.

Conversion of Directions; its Mechanism.—While long infer- kopeated
nodia and few bifurcations arve the special means adopted for transmitting |oo-™

Loz,

the tracheal air, through the airless root-zone, to the distant periphery, re. short
" " p . " . v internodia,
peated bifurcation and short internodia are the role whenever, within a short (some

. . . . . s iy L
distance, considerable change of divection is necded.  Internodia may even o,

Woymnish-
become go short as to be diffienlt of recognition, and at first sight may e ‘_'_“,1_
altogether eseape observation. i :LI‘Ilg_:'!-'H,
are Ehi

The Angles of Diverg‘ence.—ln addition to these variations in the yeans of
length of the internodium, and of the frequency of bifurvcation, the apertupe §UNNE
of the angles of divergence varies in accordance with the situation of parts, G
without however going bevond a definite size.  An aperture of 180" is often e
approached but never exceeded.  In this manner air-tubes are enabled, by
the help of two or three bifurcations with large angle of divergence. to
furnish lobular bronchioles possessing the same divection as their own
original direction, and also bronchioles of exactly opposite direction.

Among the many va rieties of direction assumed ]r_"_.‘ the {]I'{'lh'l' bronchial special
off-shoots there are two specially deserving to be noted : TR

1. Recurrent Bronchi and Bronchioles.—Of this laree elass no goegeon
better examples exist than the tubes supplying the lobules which fill up the ;'I'l'.'l':l'fwh_
inter-bronchial angles.  Most of the lobules in question veceive their bron- I et
chiole not a fergo, but a fronte. In other words bronchioles supplied to o e
lobules of this kind arise from their parent-tube at a point further removed :,:”,lr:“”

from the pulmonary root than the lobule for which they are intended. fouten i
Their course is therefore exactly opposed in direction to that of their oue i
parent,

2. T-shaped Bronchi represent another important type of somewhat 1-shaped
irregular distribution. This is well illustrated by the behaviour of broneli AEnhLIN,
supplying the often narvow infertubal intervals. These intervals and the i"l'l":_'_'f_!i':“'
inter-branchial angles both afford excellent instances of the many inequalities
of position and of space, which exclude from the bronchial system the universal
application of any rigid geometrical law.

A bronchus entering laterally a long narrow interspace will bifurcate 1 euts.de.

under difficulties. Instead of forming an acute angle, its two branches I‘:'I'I'I"i'li‘:_'T""
will probably take diverging rectilinear directions—their aperture will be ke ok
180°% The centripetal branch, meeting with a cul-de-sae, will be eurtailed il and
in development and fail to attain more than a sub-lobular size and will end | FipE

| Faticfie=,

in two lobular bronchioles @ the m-nh‘it'll,‘-!'-'l] branch, free to extend outwards.
]I'In:l.' ﬂl’_’r[lllil'i_" HI !'-'~'1|?',I' ﬂ'l'l_'l,] 1l i!llllLJI'l_l,I]'ll,'E" .~=111']1 as to “]?-"'l'.'i.ll't' 1Etl' 'i.“t'Fl"."r'"[IHr'I::-i
character of its origin,
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The conditions to which the preceding paragraph refers may be difficult to
realize from a written description, but a glance at the figures 1, 10 and 11
will elear up any obscurity.
Recur. The Same Varieties seen at the Pulmonary Surface, and
s T A L) L) " x
-;vlL]j_f.'!',',.:. at Septal Surfaces.—Reversal of direction is not exclusively confined
:d';::'}.'{”:'lh” to bronchi supplving interspaces where respiratory tissue is thickly
s (518 massed, and where space iz not available for the regular, wedge-shaped,
TRt . 3
surface of development of the lobular groups. Reeurrent tubes and lobular masses
Lk may also be seen in injected specimens of the bronehial tree in various
superficial situations, A striking instance of the recurrent type, in a super-
ficial position, may be readily recognized in the apex-region of the metallic
cast, where the surface of the lung faces the trachea. _
and like. The T -shaped bifurcation is invariably found along the opposed surfaces
::i:;'*i[’ of interlobar septa; and by noticing the position of these T -shaped ends in
?'11'1:" sur- 3 metallic cast, the position of the interlobar septum may readily be traced,
aces, : . i T £ = =
without further help. But the same peculiarity is also noticed at the
parietal surfaces of the lung. Indeed the appearances presented by the fine
superficial terminations of a metallic cast are almost characteristic. The
tubnles, as they approach the surface with perpendicular dirvection, divide
Modeof  into two delicate branchlets. The angle formed by the latter varies between
i Tt i ) . . a 3 . a
::rr.nl.-l:al::-lr.m“ go~ and 1807, being larger than is witnessed at other bifurcations. In this
'_:_'h']] peq  ImOTDEX the branchlets become almost or absolntely parallel with the
=1 B LA L
branchlets, pulmonary surface. These appearances arve best seen in specimens in which

the injected metal has not reached the infundibula.

T-shaped T-shaped Tubes found in Deep Situations.—The same mode
E.':,'i':,'f,\,; i of termination is observed likewise in many situations within the depth
contact — of the Jung, not only along the interlobar fissures, but wherever the lobules
with large (=1 ;

vesselsand abut against a resisting surface

eg., in contact with the larger vessels
Do lnd, £
and bronehi.

Tha *brom. The Bipinnate Arrangement, alleged by Professor Aeby.—

phial stem™ Reverting to the primary bronchi we are enabled by an inspection of the
,-:--'--11;:-?.:;;1 metallic cast to test the accuracy of Professor Aeby's deseription of their
L Aebhy, . u . S o o s

butnot | mode of origin and main direction. The ** bronchial stem ” is alleged to be

Stictly 0. Jipinnate, its branches arising in two directions, ventrally and dorsally.
This ctatement is however slightly qualified by Professor Aeby, who points
ont that these two divections are not followed with absolute accuracy by the
branches at their ovigin from the stem (¢f. p. 56). A careful observation

:{I'_“'!;‘I:“, will show that the departures from the arrangement deseribed are relatively

brls  numerous and considerable. We have on this point Professor Aeby’s

the “acces- own admission. He is compelled to form a special class of ** accessory

i bronehi,” in ovder to accommodate bronchi, whose origin is obvionsly neither

Apriori ventral nor dorsal, Neither is it @ priori probable that branches should be
by, given up only in two directions. It will be readily seen in the cast that
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branches also arise, as 11-'1.::.'“-‘5ih‘ l‘l.'l.lil.i]"l"‘-' on the onter and on the inner side
of the bronchial stem which he deseribes, as well as dorsally and ventrally,

Analogy in Mode of Branchmg of Bronchial Stem and of its
Derivatives.—A special case will perhaps be pleaded for the - bronehial
stem " itsell, as a tube distinct from all other bronchial tubes—and not
necessarily construncted on the same plan,  But. on comparing its behaviour
with that of later divisions in the bronchial tree, it 1= possible to trace
between it and the latter considerable analogy.

General Uniformity in Sequence of Bronchial Branches.—All
the component parts of the bronchial tree show a marked tendency towards
uniformity in the order of origin of their branches. An invariable rule
cannot be framed ; but, in spite of the great variations occurring in the
length of the internodia, it is possible to recognize a regular system, deter-
mining the relative direction of suceessive bifureations.

Alternation of Bifurcations at Right Angles.—According tothe
prevailing arrangement each bifurcation oceurs in a plane perpendicular to
that of the preceding bifureation. alternate bifurcations thus taking place in
the same plane,  This order would obviously facilitate the even distribution
of lobules on all sides of the bronchial tubes, DBut this arrangement is
occasionally modified to suit the irregularities in the configuration of the
lungs ; and I shall have oceasion in describing the bronchial tree to point
ont the more striking exceptions to the rule.

In the mode of subdivision of the right main bronchus 1-_}!L-|';|'||]1.' plain
vestiges of the alternation in guestion will be recognized in the metallie
cast, The first bifurcation, which gives rise to the upper-lobar bronchus,
lies in the transverse plane of the body. The plane of the second bifurca-
tion (from which the cardiac bronchus takes its origin), is sagittal. But
the third bifurcation, giving off the posterior-horizontal bronchus, is irvegular
in also occupying a sagittal plane,  The retro-cardiac bronchus is produced
by a transverse bifurcation, and the anterior-basic by a sagittal bifureation.
The sagittal plane is, however, repeat«d by the lesser posterior-horizontal af
its origin, and by the larger bifurcation of the lower end of the bronchus
into axillary-bagic and into posterior-basic branches.  Analogous conditions
will be found in the left half of the bronchial tree.

The Uniform Alternation unnoticed by Prof. Aeby.—I'rof.
Acby’s classification of the primary bronchi as ventral and dorsal branches
is not capable of being reconeiled with the facts just described.  According

to that theory the ]n'im:n':r branches of the bronchial stem would all be given

off in the H:i:__*j’ill:ﬂ llL'L]lt" of the hl.]{]:'.". But the except wms which he admits
in favour of the * Eparterial ™ bronchus (described as arising from the
external surface of the bronehial stem), and of the * cardiac ™ (retro-cardiac)
bronchus (which is given off internally), go far to invalidate the theory which
he proposes; and they aflord a strong argument in support of the view that
the primary bronchi follow, in their mode of origin, the same rules which

Anulogy
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determine the relations of suecessive bifurcations throughout the bronchial
tree.  Moreover, if we remember that the alternation of planes acquires
increasing regularity as the tubes decrease in size and increase in number,
and that it becomes almost invariable in the case of the bronchioles, we are
the more justified in venturing to draw the early bifurcations into the general
scheme, and fo regard their few irregularities as, numerically speaking,
insignificant.



CONCLUDING REMAREKS ON S0OME IMPORTANT FEATULRES
COMMON TO ALL BRONCHL

Ix concluding the general remarks devoted to the bronchial tree, the follow-
ing statements may be put forward.

(1) More or Less Even Dichotomy is the mode of division of Dichotony
bronchi in general.  In this respect they are imitated by the blood-vessels @ Vv
of the lung; or a any rate by the pulmonary artery.

(2) The Pulmonary Arteries are Faithful Attendantsupon the 1.y
bronchi, resting upon them, as it were, for support and for protection from M"Y
pressure, and conveving venous blood into the immediate vieinity of the air- i'l'll'l'l'l'll;_-'l'l'l_'5"‘-'
supply, by which it is to be refreshed. Leaving aside details which will be )
fully given in subsequent pages, it will suflice to point to the constancy
of this association, and to the assistance which it affords us in identifying
any vascular branches as belonging to the pulmonary artery,

(3) The Bronchial Tubes do not anastomose. Each lobe there- Atsouce of

5 : : o 3 3 bronie bzl
fore receives from the main bronchus a distinet abe-supply.  The same ...

principle of separate supply extends, within the lobe, as far as the infundi- "o
bula. This absence of anastomosis is physiologically of great moment, It Tossible

does not, however, exclude a possibility that air-currents mayv pass from one :;'J-:!t-'r'|,.',:-l
bronchus to another, at least at the periphery. The bronchial distance 157"
separating two neighbouring lobules (and « firtiori two neighbonring fufuudi= bonring
bula) from their common trank of origin, is small, and occasional interchange e
of air between them iz easily coneceived, may, may be looked upon as pro- ]”hiul
bable, whether as a result of diffusion, or by mere overflow due to uneven Lobes con-
tensions. tain ol
Respiratory Districts.—At the yoof of the lung the conditions are ";j_'.'l'._j';,f'
very different, sinee the primary, secondary, and tertiary branches from the Possible
mir-gnater-

ehange
without bearing any lobules.  Within each lobe, large groups of lobules within the
being served by separate bronehi ave thus kept in practical isolation from bmt uot
each other as regards their air-supply. Bach of these sublobar groups may e
be considered as forming a separafe vespivafory district, within which the
tidal air, or the bronchial contents in general, may, perhaps, be capable of pato.
interchange from lobule to lobule.  Definite support is given to this assump- 5
Lk

main bronchus radiate towards the ]rm'iplw!'}' for considerable distances.
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tion by the anatomy and the pathology of various morbid processes. Only
in extreme pathological conditions does a similar overflow occur between
tubes of sublobar, or even of lobar magnitude.

A knowledge of the situation, within each lobe, of the respiratory
districts of which it i3 composed, is likely to be valuable to the clinical

Their physician. But an attempt to define their anatomical boundaries would
aummerts gwith advantage be postponed until a full description of the bronchial

would ke free had supplied a sound basis for the subdivision of each lobe into its
ewnlure,
prewatur lobular gronps.



THE MAIN BRONCIHI.

WHAT 18, STRICTLY, TO BE UNDERSTOOD UNDER THE TerM * Maix

Broxenrs" 7

Doubt as to the Limits of the Main Bronchi—The origin of the gy,
bronchi oceurs opposite the inter-vertebral dise separating the fomrth and the ="
fifth dorsal vertebye (Quain).  Almost identical statements ave given on this

point by all anatomists.  But there is a lack of agrecment, nay some desree g o
of confusion, as to where the main bronchi terminate.  To this question we it
ghall presently revert.

alwvionz,

Provisional Subdivision.—In order to facilitate description, we may
assume, temporarily, that each bronchus presents the following parts :—

(1) An Extra-pulmonary Portion ;
(2) A Non-branched Intra-pulmonary Portion;
(3) A Branching Intra-pulmonary Portion.

(1) The Extra-pulmonary, or cxtra-plenral, portion bears the same pya.pul
relation to the pleura as the trachea itself, being a mediastinal structore oY
situated altogether outside the membranons sae.  The length of this poriion ik e
is very different on the two sides of the chest, as may be seen from the drawing '
(fig. 11) of the posterior aspeet of the metallic cast.  The empty pericardial
sac is there shown from behind, and the line of pleural reflection occurs on the
right side a little external to line G, and on the left zide nearer to the line I
than to the line I,  Measured horizontally, according to the scale in the
drawing, this portion extends ontwards, on the “ right side ™ for a distance of s extent
19 mm., and on the left side for a distance of 30 mm., from the vertical :;:._',1',",;"-:,",'_','_'
line bisecting the tracheal hifurcation, ledt side.

(2) The Intra-pleural portion at first bears no branches, This is a very tutm

" w0 = = . . - . 1 v
brief interval. measured, on the left side. 1!}' a horizontal distance of 3 mm., :

Il B IS

naon al ne=t
and on the right side, by a vet smaller fraction.  Indeed, on the right side, branckless
this portion does not, :-:tr'i:-l|:.' speaking, exist, since the separation of the upper

lobar bronchus from the main trunk is alveady foreshadowed by a transverse

furrow on the posterior espect of the extra-pleural portion.
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(3) The Branched Portion, or rather that portion which is situated
below the first branch, is the only one which gives matter for doubt.

Oldest View.—So long as anatomists paid no attention to the intra-
pulmonary bronchial tree, and were content to deseribe the right main
bronchus as dividing into three lobar bronchi, and the left main bronchus as
dividing into two, the point did not arise for consideration. Aeccording to this
ofdest vicw the bronchus came to an end by the fact of its undergoing divi-
sion, The application of the term * main bronchus™ to either of the tubes
beyond that point would have been inconsistent with the prineiple of dicho-
tomy, then recognized.

Contrary View held by Professor Aeby.—With this view Professor
Aeby’s theory is in complete opposition. Not only does he not admit so early
a termination of the maimn bronchus. He considers that this tube is continued
without losing its chief characters, as far as the base of the lung; and he
gives further emphasis to this opinion by employing the term * bronchial
stem.”  This expression is felicitous not alone because it avoids the obvious
inconsistency in terms which would have been implied in the use of the name
“ main bronchus,” but because it asserts his rejection of the lobar principle in
bronchial nomeneclature.

Pulmonary Lobes as a Basis of Bronchial Classification.—
According to the old style, at the point where the main bronchus came to an
end, each lobe was supplied with its own bronchus, Perceiving the varieties,
which exist among mammalia in respeet of lobation, and the variability of the
lobation in each species, Professor Aeby preferred to deal with the bronchi in
their “ naked eondition,” entirely discarding the lobes as a basis of description.
I venture to uphold an opposite opinion, to which T have previously referred
(cf. p. 7), and to suggest that it is wise not to dissociate the bronchi from
the lungs in respect either of their study or of their nomenclature,

For the special purpose of human anatomy, in its connection with surgery
and medicine, the retention of the lobar basis of nomenclature is not only
appropriate but indispensable. This necessity must be considered entirely
apart from the theoretical question and does not bear with the slightest weight
upon its solution. It constitutes a strong additional reason for upholding the
use of the old terminology in these pages.

Subdivision of Main Bronchi reconsidered. —The Left Bron-
chus.—Holding fast by the lobar principle of bronchial nomenclature, we
find it easy to choose hetween the old and the new view as to the length of
the main bronchus. On the left side, at least, there is no room for ambignity.
This lung has but two lobes; and the main bronchus likewise supplies but
two branches, one for each lobe, It comes to an end at the level of that
bifurcation, as was formerly taught. It is therefore clear that a branched
portion of the left bronchus does not exist. The latter consists of two
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portions only, an extra-pulmonary and an intra-pulmonary portion, hoth
branchless,

The Right Bronchus.—Some complication exists, however, on the

right side. The three lobar bronchi do not, as it was long ago thought, arise
HEI!IH“RIIH}HET}'- A first bifurcation sets free the upper lobar bronehns—and
the large tube, which remains, subsequently divides into the middle and the
lower lobar bronchi.  This tube may, or may not, be deseribed as the * con-
tinuation of the main bronchus.” Accuracy would be best served by restricting
the use of the name to the undivided bronchus, and denying it to its off<hoot,
In respeet of simplicity and of uniformity there wounld also be an advantacse
in viewing the right bronchus as coming to an end with the fivst bifureation

in the same manner as the left.  Moreover the infiervior segment 1L (uestion,
which soon divides into the middle and the lower lobar bronchi, may well
claim a separate name by reason of its size and of its important relations,

Bronchus Intermedius.—I1 would sugzest for it the term ©inter-
mediate stem ™ (leonchus intermedivs), which is conveniently short, and conveys
gome relerence to the somewhat central llu:-iiii_:ll of the tube, and to 1ts character
as an inderuodivi between the upper and the middle lobar bronchus.  The
right main bronchus would thus bifurcate into the upper lobar bronchus, and
the broiclhus intermeding.  The bronchus intermedius in its turn would break
up into the middle Jobar and into the inferior lobar nonchus,

Objection to a Misapplication of the Term ‘ Main Bron-
chus.”—The alternative vlan of continuing to the intermediate portion the
designation of main bronchus, besides involving possible ambiguity, is open
to the serious objection that this would serve as a precedent leading to much
confusion in the further nomenclature of the bronchial tree,  Thus. within
the lower lobe, it would be difficult to refuse the name lobar bronelins
to that branch of bifurcation which might appear to be the strict continuation
of the main tube ; the same difficulty would arise at the second bifurcation ;
and no logical excuse could be advanced against the application of the term
“ Jower lobar ™ to a very small linear descendant of the great lobar trunk.

We are therefore justified in vefusing to extend the term “ main

bronchus™ to any portion of the hronchial system situated  below  the

origin of the first branch from that trunk; and, on the right side of the
chest as well as on the left, we 'must speak of the main bronchus as consist-
ing of two parts only, an extra-pleural and an intra-plenral part, to the
exclusion of a third, or branched, portion.

Descrietion oF THE Mais Broxcrl.

Taking leave of the guestion of nomenclature, we now turn to a deserip-
tion of the main bronchi. What progress has Leen made, during the last
few years, in our knowledge concerning them, may be gathered by ecom-
paring the account contained in the last edition of Quain's ** Anatomy ™ with
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the following extract from an edition, not twenty vears old, of another well-
known text-book of anatomy : *

““ The right bronchus wider, shorter and wore horizontal than the left is
about an inch in length, and enters the right lung opposite the fourth dorsal
vertebra. The vena azygos arches over it from behind; and the right pul-
monary artery lies below and then in front of it. The left bronchus is smaller,
wore obligue and longer than the right, being nearly two inches in length, It
enters the root of the left lung opposite the fifth dorsal vertebra about an
inch lower than the right bronchus.” (The italics are not contained in the
original ; they indicate statements which have been found inaccurate and
have been corrected in later editions of this excellent manual.)

Points of Difference between the Two Bronchi—Whilst hoth
bronchi agree in possessing a dirvection downwards and outwards, considerable
differences exist between them in the following respects :

1. Inclination.—The right bronchus departs from the horizontal to a
greater extent than the left,—not less than the left, as stated by Sappey and
by the great majority of anatomists previous to Aeby. The old miscon-
ception as to the relative inclination of the bronchi is traceable to two
causes: (1) the neglect of intra-pulmonary dissections; (2) the practice,
apparently prevalent among former anatomists, of following the upper border
only as a guide to the position of the right bronchus. This upper border
rapidly ceases to belong to the main bronchus and becomes the upper
border of its first, or upper lobar branch; whilst the lower border is hidden
from view by the pleura before it has strongly diverged from a direction
parallel to the same upper border. The confusion due to this mistake is
removed by the most superficial dissection, which brings into view the lower
border of the lobar branch. and the angle between it and the main bronchus;
in this manner I happened to recognize the true anatomical relations inde-
pendently of Professor Aeby’s description, which had not then come to hand.

A glance at fig. 11 will enable the reader to appreciate the meaning of
the preceding remarks : it will also enable him to perceive the corrections
required for the italivized statements on this page. It is clearly shown by the
cast, that the main bronchus, or rather its continuation, does not enter
the lung at the level of the fourth dorsal vertebra, but lower, At the same
level as the termination of the trachea, which corresponds to the fourth
inter-vertebral dise, a bronchus does enter the lung ; this is however the
upper lobar, not the main bronchus. This circumstance may likewise, at
least in some cases, cause us to qualify the statement that the vena azygos
arches over the main bronchus. Would it not be often more correct to

speak of the vein as arching over the upper lobar bronchus ?

#  Anatomy, Descriptive and Surgical,” by Henry Gray, Fifth edition. 1869, Edited

Ly T. Holmes.
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2. Curvature.—In this respect the main bronchi, and their continna-
tions within the lung present not only differences, but contrasts, To these
Professor Aeby has drawn attention ; and, in order to follow him, I must,
for the present, adopt his terminology, and speak in terms of the “bronchial
stem,”  The right bronchial stem, rectilinear near its first part, gradually
assumes a faint enrvature with conecavity inward, The shape of an elongated
letter G would express the direction of this curve; but so slight is the
the latter, that, in order to detect it, a careful inspection is needed,

The left bronchial stem, beyond its first portion, which is straight, or
nearly so, 1s said by Aeby to present a double eurve somewhat resembling
that of the letter §. With that description I cannot entirely agree, I have
succeeded in recognizing a very distant resemblance to that letter in the
outline of the bronchial stem, not however from the anterior aspeet, but from
behind., When viewed from the front, the outline would be that of a weversed
S whose curves would face in the same directions as the retiring angles of a
letter Z. DBut it is necessary to add that the degree of curvature is quite
ingignificant as compared with that which belongs to the ordinary capital
letter.  The old-fashioned elongated S (duly reversed thus: 2} is much
more nearly a correct representation of the bronchial eurve.  Even in this
letter the middle third only can be fairly compared with the curve in
question,

Thus, whilst similar to the right bronchus in its lower part, the left
bronchial stem performs an opposite excursion in its upper part. Nor is this
all.  In addition to the downward and inward bend of that portion of its
course which is immediately above the upper lobar bronchus, the left bronehial
stem, according to Aeby, is also, in a slight degree, bowed from front to
back, with concavity backwards. The ovigin of these curves is easily explained,
in connection with the relations of the left bronchus to the heart and to the
large vessels,

3. Length.—Professor Aeby (loe. eif, p. 635) gives for the non-eanched
portion of the bronchi the following average lengths :

Right bronchus, 21°1 mm.
Left bronchus, 49 mm.

The average given for the right bronchus iz stated to be depressed
slightly below the usual standard by the ocenrrence, among Professor Aeby’s
specimens, of a case of very high origin of the right upper lobar bronchus.

Sappey’s averages (loc. cif., p. 430) are :

For the richt bronchus, 15 to 18 mm.
For the left bronchus, 30 to 35 mm.

But, in exceptional cases, 10 to 12 mm. for the right, and 40 and 45 to
50 mm. for the left, have been recorded.

Quain (loe. ¢it., p. 2635) gives for the right bronchus, a length of 1 inch
(25 mm.), and for the left bronchus, a length of nearly 2 inches (30 mu.).
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My own measurements agree with those of Professor Aeby.
4. Diameter.—Measuring the transverse diameter at the origin of the
bronchi, Aeby finds :—

For the right bronchus, 16°7 mm.
For the left bronchns, 14° mm.

Dinmetor These figures closely resemble those obtained by Sappey for the mean
I‘" “"'“ diameters, viz. :

LIRTHE [ M

according For the right bronchus, 16 mm.

f il = 5

Shsears, For the left bronchus, 12 to 14 mm.

Mare Sée* gives values slightly differing from these, viz. :

Diameter of right f In 18 males, on an average 14 mm.

bronchus ( In 12 females, - 12 mm.
Diameter of left { In 18 males, i 11°6 mn.
bronchus { In 12 females o 0 mm,

The diameter of the right bronchus, in persons older than twenty years,
varied between 17°75 and 17°5 mm.
The diameter of the left bronchus, in persons older than twenty years,
varied between 7 and 135 mm.
he dis- At its origin the right is much the wider of the two bronchi, the
proportion i rence according to Aeby being almost in the proportion of 3 to 2.  The
f:;i'ri_l‘;jh-:""*‘- sect ion:.ﬂ surfaces are stated by him to be equal to 222 sq. mm. and 157 sq. mm.
and of left respectively.  This is a greater difference than can be accounted for by the
explaived, difference in size between the two lungs. The following circumstances appear
to me fo assist in its production. In the first place the orifice of the right
bronchus is not entirely lateral, but is also partly inferior to the trachea.
And again, by reason of the early origin of its upper lobar division, the upper
and the lower surfaces of the right bronchus, instead of being cylindrical,
are caused to diverge almost from the beginning.
The left Relative Size of Trachea and of Bronchi.—A knowledge of the
E?.I..I::.-I;I{.hil::jq relative size of the trachea and of the bronechi is of much theoretical interest.

calibro, to According to Professor Aeby (loe. eif,, p. 71), if the diameter of the trachea

trachea ; be taken as 100, the diameter of the right bronchus would be repre-
Wit gented by 7o, and that of the left, by 49°3. The aggregate lumen of
bronchi — the two bronchi would thus considerably exceed that of the trachea;
excess of  Whilst the smaller bronchus would praetically be equal to half the tracheal

the trachenl :
N R palibre,

calibpe,
In all cases examined by him Professor Aeby (foe. cit., p. 79) found the
aggregate calibre of the main bronchi to exceed that of the trachea by
about %

* “Dun Calibre relatif de la Trachée et des Bronches,” Buil, de U Acad. de Méd., 2me Série,
vol, vii. p. 4o,
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The figures obtained by Mare Sée (loc. eif.) for the bronehi have been
given above. Tor the trachea his measurements led to the following
results :—

Diameter of { In 21 males, on an average 18 mm.
trachea | In 12 females 0 14°5 mimn,

In 8§ subjecis examined by Mare Sée the calibre of ihe trachea was
inferior to the sum of the calibre of both bronehi (of these subjects s
had extensive pulmonary tuberculosis, the others were adults with normal
lungs). In 11 other suljects the tracheal calibre was superior to the joint
bronchial calibre.

Aggregate Calibre of the Bronchial Tree.—I'rom the observa-
tions which I have quoted Mare Sée eoncludes that, normally, the calibre of
the two bronchi equals that of the trachea; that likewise the branches of
any bronchus have an aggregate calibre equal to that of itz parent-tube ; and
that the respiratory channels therefore represent a eylinder.  Pathologically
the equilibrium may be upset in favour of the bronchi, as in phthisis, or in
favour of the trachea as in emphysema.

Professor Aeby (loe. eit., p. 75) contends that this alleged equality
15 never found. The rule is that the products of any division of the bron-
chial stem exceed in capacity that of the parent stem, and that the rela-
tion would be represented graphically not by a eylinder but by an inverted
cone,

Calibre of the Trachea.—The same is, :I_ul:nl‘d[]]_l_;' to him, also true
of the tracheal calibre (loc. cit., p. 68) when its diameter is compared at
various levels,  Thus the sectional area of the lower extremity being taken
to be 100, that of the upper end is §2°2 per cent., that of the middle third
635 per cent., and that of the lower third, 835 per cent.

Exception to Aeby’s Rule.—An important exeeption to the role
occurs however in the bronchial tree, at the level of the eparterial bronehus.
Since in man no eparterial bronchus is to be found on the left side, the
variation in guestion is not referable to any division n this tube, hut
oceurs in its continuity, and, according to Aeby, may be taken to mark the
site of the suppressed bronchus.

The exception consists in the ageregate capacity of the right eparterial
bronchus and lower bronchial stem being not larger, but smaller than that
of the bronchial stem prior to division. In like manner, at a corvesponding
level, the left bronchus generally presents a marrowing; this being an
exception to another rule, viz., thaut the calibre of an dwfernodinm preserves
a cylindrical value. It is however to be noted that Professor Aeby, in
determining the superior measurement, seleets not the section of the main
bronchus situated immediately above the eparterial bronchus, hut the orifice
of the bronchus at the tracheal bifurcation, an orifice which is apt to be
considerably wider than the bronchus itself.
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Relations of the Main Bronchi at the Root of the Lung.—
This important subject will be much more conveniently treated in connection
with a deseription of the blood-vessels in Section III, and to that section the
reader is therefore referred.

Tue Broxcuvs IXTERMEDIUS Ok CONTINUATION oOF THE RIGHT MAI
Broxcavs pELow THE ORIGIN oF THE UrrEr Lopar BraxcH.

The directions followed by the continnation of the main bronchi have
already been mentioned under the heading of the latter ; and they will be
further noticed in the course of the detailed account of the bronchial tree.
This is however the place for a brief description of the differences which
ocenr in the mode of termination of the right and of the left bronchus.

Joint origin In the Left Lung. the origin of the upper lobar division, or bronchus

liir;nl:ﬂ 1:::: impuer, which marks the end of the main bronchus, also defines exactly the

o Aot beginning of the lower lobar bronchus. Between the two last-named
bronehi there is no transition, the latter being the direct continuation of
the former tube.

On the, Bronchus Intermedius.—In the right lung, on the contrary, a con-

’1',,??,[,“:"‘ siderable interval separates the origin of the upper lobar bronchus on the

podinm — one hand, and the joint origin of the middle and lower lobar bronchi on the

the upper  other.  Inasmuch as this transitional section of the length of the main

auindd fhye

middle air-tube belongs neither to the upper lobe nor to the lower lobes, it has the
1::1’:5,'”. value of an dwfernodivm inserted between the great lobar bronchi, for the
The purpose of inereasing their distance. 1 have already proposed for it the

:;:t':';*ll';"s term Ironchus infermedivs,  Not existing in the left lung, this is an odd

dins an odd structure ; it is not, however, odd in the sense of obviously disturbing the
;‘.‘.'Ei.'l.'"r. symmetry of line, or of constituting a numerical addition to the branches of
]l'“‘k"L:‘,‘."} the bronchial tree; for it is nothing more than the econtinuation of the main
the main  bronchus drawn out, as it were, at a given spot. Indeed it may be pointed

e out that, in the left lung, at a lower level, an analogous drawing-out takes
Analogous  place in the length of the lower lobar bronchus, causing a short internodium
mterno- 4 precede the origin of the posterior-horizontal bronchus, whereas, on the
feft lower pight side, an interval can hardly be recognized between the level of origin
bronelus.  Of the cardiac bronchus and that of the posterior-horizontal.

The It will be shown hereafter that the lyonchus dmpar (left upper lobar
:::«;:::1:::‘.:‘, bronchus) does constitute a numerical addition to the branches of the bron-
truly odd.  chial tree, and therefore deserves, in a much more definite manner, to be

gualified as odd.

Length of Dimensions and Direction.—Measured from the retiring angle below
bronchus — the origin of the upper lobar bronchus to the similar angle below that

medivs,.  of the middle lobar bronchus, the intermediate stem, in the metallic cast
under consideration, has a length of 2-5 em. Its direction is identical with
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that of the main bronchus,  Viewed from behind it is however readily seen
that its lower extremify swerves outwards from the straight downward-
and-outward course, A similar outward tendency may also be observed in
the middle and inferior lobar bronehi; but in them it is much more deve-

i i
] ij
iij ii]
iv v
v v
Y] vl
vij Y1)
viij viij
ix ix

A IH C 1] E ¥ Ly § 1

PREPARATION OF THE CHiEr Broxcil, DISSECTED IX THE MOIST STATE, AND
ALLOWED TO DREY AFTER BEING PFACKED FULL OF DRIED 2roX;GE, AXND
STIFFESED WITH WIRE. FROXT VIEW, TAKEN FROM THE RIGHT. (From w
Lhotograph.)
The side of cach small square measures 20 nim,
Severnl of the bronchi baving given wax, or shrunk in deving, the specimen im-
pecfectly illustrates the branchings of the bronchial tree. But the main bronehi, their
maode of origin and of termination, and their general relations are clearly seem. The
bronchns intermeding traverses square © iv; amnd the bronchus impar lies across
square I iv,
loped. The irregularity in question is a strong avgument in favour of the Tnlm-nrd
i 1 A - . Alection,
view that the * bronchial stem ™ of Aeby does not preserve bevond this level ™7™
the value of an axial stroctuve, The intermediate stem is cylindrical and Cylindrical
: : : ; oy
possesses a considerable calibre, although, as far as the unaided eye can
judge, this is rather less than the aggregate calibre of the two bronchi
derived from if.
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Relations.—The relations of the intermediate stem are of importance.
At its origin it is not entirely included within the pulmonary pleura. Its
oblique posterior surface is divided into two parts, a larger, distal, intra-
pulmonary, and a smaller, mesial, sub-pleural portion, by the vertical line of
reflection of the pleura, In fig. 11, which represents the posterior aspect
of the metallic cast, the actual conditions will be readily recognized. The
pleural membrane has been divided along the line of its reflection, and may
be seen (in square (G 1v) ) extending vertically across the oblique course of
the stem. It will also be seen that the mesial surface of the stem is in its
upper part, entirely extra-pleural, in other words mediastinal.

The pulmonary tissue which clothes, from behind, the intra-pulmonary
portion, belongs to the inferior lobe ; for it should be noted that, in spite of
the origin of the middle lobar or cardiac bronchus being superior to that of
the posterior-horizontal bronchus, the distribution of the latter rises higher
than any branch from the former.

Anterviorly the intermediate stem is not in immediate relation with pul--
monary tissue, nor with pleura, The interlobar septum and its pleural lining
do not penetrate as far as the bronchial surface, but the latter is in direct
contact with the lower branch of the right pulmonary artery, and separated
by this from the superior branch of the right pulmonary vein (see chromo-
lithograph, p. 180). Further down, the mesial half of the anterior surface is
also in divect relation with the posterior aspect of the cardiac bronchus,
which, in its first part, descends in front of its parent trunk, and in ciose
proximity to it.



ELEMENTARY SKETCH OF THE MORE IMPORTANT DIVISIONS OF
THE BRONCHIAL TREE STUDIED FROM THE METALLLC CAST,

My present object is to convey a general idea of the situation and of the
names of the chief air-tubes, without loading their description with any
unnecessary detail.  This first stage in the study of the bronchial tree will
be much facilitated for the reader by his frequently consulting the diagram
fig. 6 at p. 52, and the synopsis of the primary bronchi at pp. 54 and 535.
The introduction of an elementary sketch to be followed by a more complete
IIu_-sm'illl,i_un |1|'i:t{_{f-; with it the evil of !‘ﬂ[‘ji‘lil[flm hut there are 11[":11'_-.ti1-:1|
reasons which recommend such a course,

The Right Bronchial Tree.

Right Bronchus.—This short and wide tube is chiefly remarkable for cuict
. ; ; . 2 . characters,
ita directness, for the stecpness of itz downward-and-outward slope, and for
the early bifurcation which it undergoes, soon after its origin from the
trachea, and before it is fairly buried within the lung (¢/. p. 10 and p. 7o), Veperlobar

Upper Lobar Bronchus.—The uppermost division of the main :IIIII;ILI.”
bronchus is entirely devoted to the upper lobe, which reccives no other f,','.:,',':,l.f,m.‘
511]"[)!_\.'. Anatomiztz had known it vxu'lusin-l:ﬁ' under the name _I_-'i'».'n-n ahove, Tis hori-
until Professor Aeby proposed for it the term “ eparterial.”  The divection ﬁ'i','.:','.':',-,,“_
of this important tube is almost always horizontal, as is very clearly shown 1I..Iir1-.|::';:-||‘f
in fig, 11 (see also other drawings and diagrams). It appears to have been S
habitually mistaken, in the past, for the main bronchus, which for this reason Tl'lill-h-.;.-.:lm-
was, until recent yvears, described as horizontal, The line of pleural reflection E,E.I.I;;-‘:lll-!

crosses its origin pn&:!m'iut'[:{_ and the vena azygos from above (see fig. 11, appe
column G, line iij).  This bronchus may arise even higher than the usnal level,
but in every case it is superior to the pulmonary artery (see chromo- .!.':-Iul.h.!;-'“n'.rf
lithograph). il ey

The branches of the upper lobar bronchus respectively supply the centre 1 disui.
and the three sides of the apex of the lung (¢f. p. 89). buticn.

Bronchus Intermedius.—This name is applied to the remednder Teft Bronetns
by the separation of the upper lobar division from the main bronchus (sce il
firs. 9 and 11). It is the continuation of the latter,
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Middle Lobar, or Cardiac Bronchus.—The branch for the middle
lobe is given off at the bifurcation of the intermediate stem, immediately
behind the lower division of the right pulmonary artery (the upper division
having risen into the upper lobe). This lower division, ronghly preserving
the transverse direction of the main right artery, crosses, at this level, the
descending air-tubes, and partly rests upon the bronchus which is being
described. The bronchns lies at first in immediate contact with, and anterior
to the lower lobar stem, separating it from the artery. Just below the
point where the Dblood-vessel passes oufwards, the air-tube bends slightly
forwards in order to supply the middle lobe. Anatomists have hitherto
described it solely as the widdle lobar bronehus, a name not normally appli-
cable to any bronchus in the left lung. There are good reasons, hereafter to
be set forth, for using, at least as an alternative, the name cardiae bronchus,
which is based upon its visceral relations. In association with the fact that
it arises anteriorly, and is sitnated below the arterial trunk, Professor Aeby
designates this branch as the jirsé hyparterial ventral bronchus.

Lower Lobar Bronchus.—The other product of the bifurcation of
the intermediate stem, the lower lobar bronchus, is, from the first, situated
within the lower lobe (this lobe rising posteriorly above the level of the last-
named bifureation) ; its undivided portion is restricted to a very short course,

Posterior-horizontal Bronchus.—This large branch bifurcates
from the preceding trunk a few millimetres below the level of the cardiac
bronchus. It arises from the posterior, or more strictly, from the dorso-
lateral bronchial wall, and is termed by Aeby first dorsal hyparterial bron-
ehus.  The designation which 1 suggest instead of the latter was first applied
by me to branches of this air-tube, some years ago, in the Gulstonian Lectures
on Pulmonary Cavities,  (See Leacet and British Medical Jowrnal, 1882.) The
direction of this interesting, but unusually short trunk, is sufficiently indieated
by its name. It distributes branches upwards te the infra-spinous region,
downwards to the middle dorsal third of the lung, and horizontally outwards
and forwards, to its middle axillary third.

Retro-cardiac Bronchus—Barely g millimetres below the origin cf
the posterior-horizontal bronchus, there arises, from the inner surface of the
continuation of the lower bronchus, a downward branch termed by Aeby
the “eardiae bronchus,” but  deseribed by me, with closer regard to its
anatomical relations, as  sefro-cardine. It is destined to aérate the two
posterior thirds of the inner aspect of the lower lobe. The strictly internal
origin of this bronchus (see fig. 11, line H, square G vj) excludes it from the
scheme of dorsal and ventral bronchi set forth by Aeby in his nomenclature.
He frankly recognizes the difficulty, and he gives to this air-tube a place
among the accessory bronchi.  Very strong reasons should be adduced before
we could consign to a secondary position so constant and =o large a bronchus,
and one distributed to a district peculiarly isolated from other branches of
the bronchial tree,  The fact that, in some animals, and rarely in man, this
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district is constituted into a separate retro-cardiac lobe (Herz-lappen, lobus Oceasional
infracardiacus, Achy), (azveos lobe, lobulus impar, Owen), strongly illus- :i'l"_rl:;"l'l'l'i:':
trates its claim to be individually eonsidered in any scheme of the bronchial

system.

The Three Basic Bronchi.—Three laree trunks arvise at ihe n-\."rn-ruh}' Tha basic
of the lower bronchus, and divide between themselves the air-supply of the :'}'I:_':':_'l“i
base, although not in accvrately even shares.  Their areangement is in the ’_"_;'“!-"]_
antero=posterior ovder; the ::xi]l.‘u‘:.‘-h:]:-:iu_' occupying the middle place between :I.-:Iql,l._
the anterior-basic in front of it and the posterior-basie behind,  All three "™
bronehi retain the downward and outward direetion ; and their joint distribu-
tions assume a distant resemblanee to a vertical segment of an inverted
funnel, with convexity outward. In consecuence of this arrangement the They do
inner basic surface of the lung would remain isolated as to its bronchial f::t|;|].'.]_-'"
supply.—as it was stated above. basc,

Their Drig'nl and Relative Size—The mode of ltl'i\!_"] n of the three Repeatd
basic trunks is aof by simultancous #eifurcation, but by a rapid vepetition of E:'EI"E'H"’"'
bifurcation. The posterior-hasic bronchus is not only the largest of these but erigin.
the last, and might therefore i-I:Lim to contain the continuation and the end of
the alleged “ bronehial stem.” It will be seen that some diffieulty exists,
even for Professor Aeby. in determining, in man, which of its branches is to Which of

be regarded as the ultimate tube.  For supporters of the old theory of bifur- 1.-1'i:.':1.,-:ﬁ,|,;|.'['

cation, this question does not oceur, slem ™ ¥

Professor Aeby's attention does not appear to have specially dwelt upon This is
the even size and importance which all three basic bronchi assume in man. g i
But I have elsewhere sugeested (see p. 31) that in gquadropeds with short ::T‘.;lut.l-llﬂu
sternum, the 'mh-nm-b.wm bronchus would probably shrink into secondary vapeds,
dimensions, whilst the size of the posterior-basie Lbronchus would so materi lll'..
increase as to maintain for it, almost as far as the base, that pre-cminence in
calibre, which Professor Aeby considers synonymous with an architectural
axial quality.

The Anterior-basic Bronchus, or, more fully named, the anterior- Asterior.
lateral-basie, larger than the axillary-basie, but not so important as the :j:.l.h.,:::.,,,,,,._
posterior-basic bronchus, takes its origin from the aunterior aspect of the
continuation of the lower Lronchus, about 9 millimetres below the origin Its origin,
of the retro-cardiac bronchus, and distributes branches to the anterior and Its distri.
to the antero-lateral regions of the base.  In Professor Aeby’s nomenelature o
this trunk would represent the second hyparterial ventval bronehus,

Lesser Posterior-horizontal Bronchus.—DBetween the level of o
origin of the anterior-basic and that of the axillary-basic a smaller bronchns, JI.--T:.-”.rJ
for the supply of the third fourth of the dorsal surface is given off’ back- :ilrl‘l‘ll""i'-t‘i;'i_
wards. This is the lesser, or inferior horizontal bwonchus (or second hypar- bution,
terial dorsal bronelus of Aelw).

The Axillary-basic Bronchus, the anterior product of the final Asillary.

i L 4

; : ; : - : Lia
bifurcation of the remainder, or continuation of the lower lobar bronchus, sy aua
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is probably identical with the third hypearterial ventral bronchus of Aeby (as
far as it is possible to guess, in the absence of any individual deseription of
this air-tube).  Since its distribution is entirely axillary, the signification of
the word *° ventral,” when applied to it, is rather strained. The employment
of that term was probably determined by the fact that the bifurcation, which
gives rise to this tube, is contained, not within a transverse, but rather within
an antero-posterior plane.

Posterior-basic Bronchus.—From the posterior-basic, which even in
the human subject possessed of a horizontal diaphragm, is somewhat larger than
the other two basic tranks, Aeby probably derives the fourth hyparterial ventral
branchus, and the thivd and fourth hypavterial dorsal bronehi which form part
of his nomenclature.  Branches from the trunk in question may be pointed
out which would snit these designations; but in the human subject they
could hardly be placed on a footing of morphological equality with those
branches which arise directly from the bronchial stem by means of bifurca-
tions eontained within the root-zone, The areas of distribution of the posterior-
basic bronchus are the posterior-axillary surface, the dorsal surface with the
exception of its innermost section (which is within the province of the
retro-cardiac bronchus), and the inferior surface. It likewise, and to a greater
extent than the other basic bronchi, furnishes deep branches for the intra-
pulmonary tissue,

The Left Bronchial Tree.

The Left Bronchus is elsewhere stated to be much longer than the
richt bronchus, and to present, in its extra-pulmonary part. a very feeble
eurve, with convexity downwards and slichtly inwards, Being less steep
than its fellow, it forms a larger angle with the vertical axis of the lung.
It endeavours, after penetrating into the hilus, to rectify this strong diver-
genee by a somewhat sudden downward bend.,  Just below the level of this
bend begins the important cardice curve which is coneave inwards and
slightly forward, and terminates with a gradual outward deflection. This
curve was first deseribed by Aeby in connection with the ** bronchial stem,”
[ have already (¢f. p. 71) criticized the description given by him, and I
would only add in this place that, according to the terminology which T
have advocated, it is the inferior lobar trunk, and not the main bronchus
which undergoes the curvature mentioned, the latter tube having come to an
end above that level.

The Upper Lobar Bronchus: Bronchus Impar.—The first
hifurcation takes place immediately before the downward bend, at a relatively
long distance from the trachea, and well within the root of the lung. It
oives rise to the large left upper lobar bronchvs. The insertion of this air-tube
into the main bronchus is not strictly lateral, like that of its fellow, but is in
a large measure, anterior also,
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RovGH [NAGRAM OF THE BRONCHIAL TREE; FRONT VIEW,

The outline of the trachea and of the main bronchi is dotted where it is crossed by the aorta, and by the pulmonary arteries
respectively 3 a small portion of the latter is outlined on either side.
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EXPLANATION OF THE DIAGRAM,
Rignt UrPPER LoBE :

a.: anterior, and p. e a. ;0 posterior ascending-apical branches,
a. ax.: anterior, and p. ax. : posterior axillary-apical branches—sp. @ supra-spinate, s, ax, : superior axillary branches.

e. a.; External anterior apical branches, and o. p. : outer-pectoral branches, both from the mid-pectoral division of the

pectoral stem. (The ascending, and the horizontal sterno-pectoral divisions are seen extending inwards towards the
aorta.)

Iif{,:-IIT MipDLE LOBE :

. st.: parallel-sternal branches derived from—sf. ¢.: the sterno-cardiae bronchus. The latter joins the more vertical
posterior mammary-cardiac bronchus, which is not lettered. The external division of the cardiae bronchus (middle
lobar bronchus), or mammary-cardiac, approaches in the diagram the posterior-horizontal distribution,

Ricnr Lower LOBE:

. A posterior-horizontal distribution, eriginating opposite the retro-cardiac bronchus which descends behind st. e
. b.: anterior-basic branches—azx. b. ; axillary-basic branches—p. b.; posterior-basic branches,

Lerr Urrenr Lonn:

P a. a.; posterior ascending-apical distribution (in front of which lies the anterior ascending-apical).

§. a.; posterior-apical branches —a, @ ; mid-apical bronchus dividing inte outer and inner distributions,
g 2 pectoral branches,

. ax. ; anterior axillary branch—s. ax. ; superior axillary branch.

o. p. : outer-pectoral branches (the whole pectoral distribution extends along the same level, except the ascending mid-
pectoral and the sterno-pectoral, and sternal branches),

sl. ¢, ; sterno-cardiac branches, from the anterior cardiac trunk (the outer division of the latter, or mammary-cardiae, is
not lettered ).

c. I ; eardiac lobular branches, from the posterior cardiac trunk.

LeFT LowER LoRE:

- b : posterior-horizontal distribution,
7. ¢ ; retro-cardiac branches from the anterior-basic.
. b, ; anterior-basic branches—er. b axillary-basie branches—p. b, : posterior-basic branches,
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The following Differences between the right and the left upper
lobar bronehi should be noted :—

(1) The left upper bronchus is not superior to the pulmonary artery at 1visiufe
the root, but inferior to it,  In Aeby’s terminology it is not * eparterial,” but :',{,IZ",I'I‘H
¢ hyparterial,” Avtery.

(2) It corresponds strictly neither to the right upper lobar, nor. as

Aeby contends, to the right middle lobar bronchus, but to hoth combined.
We must look upon it either as a trunk which does not exist on the right
side (a supernumerary trunk), or more probably as a mixed produet, due o
the blending of the first portion of the pectori-apical bronchus and of the
cardiac bronchus,

(3) It esrries the air-supply destined for the apex and for the ear- Its two
diac districts and feeds therefore a more comprehensive lobe than the :F:"::'“
right upper lobe can claim to be. Indeed its two branches, the ascending Jonts of
and the descending branch, must be regarded, in connection with the brouehi
districts in question, as being each equivalent to a lobar bronchus of the
right lung.

The Ascending Branch is strictly the counterpart of the right upper The as
lobar, or apex-bronchus, although it is rather smaller than the latter. 1t ::f'.']:.],!_“;
further differs from this tube in approaching the apex from below, instead of jpou'sto
horizontally and from the inner side. A close resemblance exists neverthe- apes-
less between its branches and those of the right apex-lronchus.  (See for e
full description p. g9.)

The Descending or Cardiac Branch, putting aside its peculiar j. q.
mode of origin, is almost identical with the right eardiac. or middle lobar s
bronchus. 1t is however rather smaller, owing to the slightly smaller size of ]'”-Ef:.',j.l"
the corresponding district. Its undivided length is about 1°2 cm, '

With the deseription just given, it is difficult to rveconcile Professor Professor
Aeby's statement that there is neither a trne upper lobe, nor a true upper -5
lobar bronchus on the left side, and that the structures commonly known by ir!:...‘{{-,ﬁi'
those names are respectively the equivalents of the right middle lobe and of tiese fuets.
the right middle lobar bronchus. The ingenuity of that view is the most
probable explanation for the remarkable success which it has enjoved.

The Inferior Lobar Bronchus is the other lwanch of the bifurea- Inferior

tion of the main bronchus (of which it is the apparent continuation (sce |,:,|
fig. 11, square Dv)). The downward and backward bend to which referenee fowinvard
has been made ocenrs in this tube, But before the curve in question has
become fu]l:.‘ '*IL""*'IWH"L the lower lobar bronchus y[--hls. tﬁl't'ull_'-.' backwards.
its first branch, the posterior-horizontal.

The Posterior-horizontal Bronchus occupics at its origin almost
the same level as its fellow in the right lung. but it is separated by a
much less interval from the level of the upper lobar bronchus.  Although [ Bt -
posterior in its origin, it rapidly assumes an outward direction.  Its distribu- thew out-
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tion is more extensive and shows greater symmetry than that of the right
lh,l:—ﬂ|'I'i|1|'-]11rI‘]}".nIJ'l:I]_ |I"||||.]'E'.

This bronchus is theoretically interesting as offering the earliest evidence
of obvions symmetry between the two sides. Even Professor Aeby fails to
detect any want of agreement between the lower lobes.  In my own estima-
tion, after carveful study, the agreement existing between the two upper
lobes is no less striking than that between the two lower. The lower
lobes in general and the posterior-horizontal bronehi, their highest bronchi,
in particular, ave far from being faithful duplicates of each other. But their
differences, as well as those noticed between the upper lobes, although they
are by no means trifling, are powerless to break up the morphological equation,

The Basic Bronchi—The ultimate splitting-up of the continuation
of the lower lobar stem occurs on the left side at a slightly higher level
than on the rvight. So rapid is the subdivision that the three resulting
bronchi appear to belong to a frifurcation.  (See fig. 11, square Cv).) These
bronchi have the same names and the same relative positions as in the right
lung but their mode of distribution i1s not quite identical. _

The Retro-cardiac Branch, so prominent a member of the right
bronchial tree, does not form part of the left primary series, but arises as a
secondary division from the anterior-basic bronchus; its existence appears
to have escaped Professor Aeby’s attention, and probably for this reason he
has been led to regard the retro-cardiac as an accessory hronchus.

The Lesser Posterior-horizontal likewise differs, in point of its
origin, from its fellow on the right, and it is notably smaller than the latter.
It is a branch of the posterior-basic, instead of arising above the origin of
this trunlk.

The Anterior-basic Bronchus is of greater size than its fellow, and
aérates a larger district.

The Axillary-basic Bronchus requires no separate description in
this place.

The Posterior-basic Bronchus is, as in the right lung, the most
powerful of the three tubes and provides an equally large district, although
in a somewhat different manner, The detailed account of its distribution will
be found under a subsequent heading. The posterior-basic would contain
according to Aeby's description, the termination of the * bronchial stem.”
But there exists yet more diffieulty in this lung than in the right in deter-
mining which of the branches of the trunk is to be singled out as the terminal
representative of the stem.

The inward coneavity of the left bronchial tree persists almost as far as
the base.  But in the posterior-basic distriet this curve is converted into an
opposite one,

Special Characters of Left Bronchial Tree.—The serpentine course
of the main bronchial tubes, the length of the ascending-apical branches, and
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the higher level of origin of the basie branches, are among the cirenmstances tion with
which lend to the left bronchial tree an aspect of greater clegance and of L
greater mobility than belongs to the right. The latter quality is of importanece

in connection with the normal and pathological variations to which this lm
1s exposed in connection with the varving size and position of the heart.

or
]-".l

Deferred Criticism.

Professor Aeby’'s Illustrations.—Lct us turn from this most ele- Aoy
mentary sketch of the metallic bronchial east to Professor Achy’s illustrations, hlll:u
In the photographie prints taken of his own metallic injections, although some comvie
of the latter were incomplete specimens, there is little diffienlty in vecosnizing
the leading facts which I have described.  Fven in the diagram (reproduced s dia.
in lig. 5) most of the general features of the bronchial tree may be traced. [:‘i';',',,]_lm
o faint however are some of the indications, that they ean be appreciated .
only by those who are familiar with the subject. To all others an ervoncouns
impression must be conveyed both by the diagram and by the metallic casts,

The latter might be expeeted to supply evidences which might lead to corree-
tions in the diagram ; but 1!][*3‘ ail to serve as standards of comparison owing
to their incompletencss.

The Bipinnate Arrangement.—Greater confidence may be elaimed
by the bronchial east of which drawings are contained in this book ; and if the
reader will compare figs, 10 and 11 with my diagrams (figs. 6 and ) on the one
hand and with Professor Aeby’s diagram on the other, he will be able to trace
for himself the nature of the diserepanecies between the two systems, He will
probably realize that the classification of the hyparterial bronehi into a venfral The vential
and a dorsel series is not strict ly compatible with anatomical facts, If the "l derd

elazsifici.
designations in question have reference to the relations existing between the 1.'*.1““:'1t"'
bronchial stem and the several bronehial divisions at their oriein, Professor with fact.
Aeby’s diagram is the chief witness against their smitability. If on the other
hand, in spite of an origin which may be neither strietly ventral nor strietly
dorsal, they are meant to describe the relation of these air-tubes to the peri-
pheral districts supplied h:-.' them, the terms may be shown to be inaceurate at
least in the case of the axillary-basic bronchus, which is slightly lateral in its
origin and entirely lateral in its distribution.

But the inherent diffienlty of describing the bronchial tree on an exclusive
basis of ventral and dorsal branchings has been pointed ont in econnection with
the cparterial and the ecardiac bronchus of Aeby (cf. p. 63); and to this I
need not further allude,

Much stress is laid by Professor Achy npon the alleged faet that, among RURIE
other differences, the first division from the left main bronchus eontrasts with cupplics s
the right upper or eparterial in failing to supply any dorsal branches.  This piNcE

branch, as
statement does not agree with my own observations, One of the three dosthe

branches which are seen in fig. 11 (in square C iv), namely the middle branch bronchus,
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of the apparent trifurcation, assumes a divection backwards and upwards; and
some of its subsequent branches are in their course decidedly posterior. These
however arise above the upper level of the lower lobe, which in the left lung
rises decidedly higher than in the right. It is clearly shown in fig. 11 that
the presence of a large npward branch of the posterior horizontal trunk imme-
diately behind the apparent trifurcation prevents the bronchus destined for
the posterior supply of the apex, from projecting at once boldly backwards.

In connection with the alternation of branches, Professor Aeby’s specimens
and my own show that the regularity which he deseribes in the bronchial tree
of mammalia is not to the same extent present in that of man. I have else-
where stated that our observations do not agree as regards the mode of alter-
nation (¢f. p. 63).



( 45 )

THE DETAILED ANATOMY AND NOMENCLATURE
OF THE BRONCHIAL TREE,

PRELIMINARY ch_u.ut]{_:;.

THE objects to be aimed at in dealing with the deseription of the bronchial Complete-
tree are, firstly to give an aceurate and, if possible, a complete account of the "'“L”'
latter, and, secondly, by every means to endeavour to render its perusal easy “wed at.
as well as clear,

No effort of mine ean deprive the subject of its aridity ; and it is of the Drvness
essence of the bronchial svstem to be complicated.  Indeed, when viewed as ;',','_Lﬂr._!"l_',-
a whole, the bronchial cast presents an overwhelming amount of detail which thesubicet.
may well canse the student to recoil from its thorough investigation. Yet,
when its parts are separately faken, the study of cach need not offer insuperable
difliculty and, it is hoped, will not do so in these pages.

Again, just as a stranger, introduced into a large family, may at first The vo-

. e 5 . s : mene laf wre
experience some diffienlty in knowing one child from another, until he has ; coppe.
learnt to associate with the name of each certain minor characteristics, and °f b
ultimately may wonder that he should once have thought them all so alike;
in like manner, in spite of the number and of the generval resemblance of
bronehi, closer acguaintance with them reveals among them more and more
diversity of feature, and their names, it appropriately selected, become a source
of assistance, and lighten the burden of deseription.

It is therefore essential to briefly dwell (1) upon the plan of subdivision
to be followed in the anatomical description; (2) upon the terminology and
the notations which it is 111‘411![:1.‘:0{1 to nse.

1.—The Subdivisicn of the Anatomical Description.

Right and Left Bronchial Tree Dissimilar.—The differences Sepaate
found in the lungs are such as to preclude the possibility of a simunltancons ot
description doing equal justice to both lungs.  Since we must hestow upon *0f
each a separate consideration, will it be more profitable that we should procecd
with each lung. as a whole, and that we should abstain from any reference to
the other lung until the first shall have been completely deseribed 7 By such
a course we should avoid certain complications. But, since the differences are,
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after all, less prominent than the common features, we should lose obvious
facilities by keeping the two descriptions apart. After mature thought I
am of opinion that most advantage can be gained by bringing into close
association the accounts to be given of like parts in both lungs.

The Subdivision of the Bronchial Tree.—The natural subdivision
of each lung is into its lobes, and the help which this alone supplies towards
a deseription of the lung is considerable, But the pulmonary lobes are too
few, and too large to afford us the full assistance which we claim. We require
to divide the lung into yet smaller regions in order to attain simplicity in
deseription.  In clinical anatomy some regions of this kind have long been
defined ; and these divisions it is expedient that we should adopt ; but the
remaining parts have not hitherto been the subject of delimitation. Thus, in
addition to the apex and fo the base, to the upper and to the lower axillary
regions, we shall have to speak of the * pectoral,” of the ® cardiac.” of the
“ mid-dorsal,” of the * retro-cardiac™ and of other regions, and to deseribe’
the mode of the bronchial supply in each. But in doing so, we discover that
the districts in question are practically identical with the respective territories
of the several primary bronchi.

We thus fall back upon the natural divisions of the bronehial tree as
the best guide to a subdivision of its study ; and we may adopt as a basis the
rough sketch which has already been given in the preceding pages. This
circnmstance pleads an excuse for what may otherwise have appeared to be
an unnecessary repetition. It was essential to familiarize the reader with the
broad lines of the elementary bronchial tree, in order subsequently to elabo-
rate, on that foundation, the greater detail of the present deseription.

I therefore propose, after taking a preliminary survey of each region,
but especially of those which are clinically important, to proceed to the
deseription of the several bronchial distributions, that is, of the bronchi
undergoing systematic evolution into bifurcations and branches.

The following bronchial distributions will be deseribed :

. The apical distribution.

. The axillary distribution.

. The pectoral distribution.

. The cardiac distribution.

. The posterior-horizontal distribution.

I
2
3
4
5
6. The retro-cardiac distribution.

7. The anterior-basic distribution,
8. The axillary-basic distribution.
g. The posterior-basic distribution.

FEach distribution will be studied in the right lung, and in the left, in
immediate succession ; an opportunity will thus be aflorded for noting the
discrepancies as well as the common features on each side of the chest, with
reference to limited areas.
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2 —Terminology and Notation.

Principle of the Nomenclature.—The names given to hronehi have
been selected almost exclusively with regard to their anatomical relations.
The terms ';Illl{i.'ill,.‘r £ ::.,'u'l]_iur_',d vi n-i_ro-cn,r:_li:u_‘__" iE lll,_'l;_,"ll;l!':ll._h‘ “gternal,” &
are instances of this kind,

Sometimes, as in the term * posterior-horizontal,” peculiarvities in the
direction or in the shape of ronchi have supplied the designation, or Lave
been ineluded within it.

In order to avoid an undue multiplication of names, and also for greater
ease in following the deseription, the terms applied to bronehi have as much
as possible been eontinued to their remote branchings, with such modilications
as were claimed by their changing divections.

For the same reasons, althongh the principle of dichotomy desires the
employment, for each of the branches of a bifurcation, of a name differing
from that of the bifurcating trunk, in most cases the name used above a
bifurcation has been retained below the same for one of its two produeis.  In
contrast with this practice, the ** intermediate bronchins ™ has been deseribed
Ilj.'-ﬂ. '.“'I'Fl‘{-.'igll t‘."l"l“. Illl[] not il= i'IIL" £ ||'|ﬂi'|.'|. lll‘utl(‘]lllﬁl‘; I !li'.l‘u't‘ l'!.‘"'l"l-"l"l:ll"l'l.' L] xlr]:li]]l'fl
why the new name was deemed necessary.

The terminology, apart from the notation to be presently deseribed, does
not supply any indication of the relative size of air-tubes,  The expression
browediole is free from ambiguity ; and bronchioles may be classilied with
some precision as sub-lobular, lobwlar, intva=lobular and fevuinal.  But all
other air-tubes possess an equal elaim to the name of = bronchi.™  The terms
browelid, Lvonehio and bronchiol tules ave really svnonymous, and unfit to
express definite differences in size. In these pages, whilst the wond
bronchus rvetains its widest meaning, it has been found advisable to cemploy
concurrently the expressions bronelind stem and Dronchiol frwnl, in commection
with the larger bronehial divisions, These should be understood to be merely
alternative terms, introduced for greater facility of description but not as
possessing any distinguishing value,

Aids to the Reader.—Special attention has been devoted fo the
object of facilitating to the utmost the ready localization of the tubes
deseribed.  The following devices are the outeome of this endeavour:

1. Tables embodying in a synoptical form the names and modes of
branching of the tubes have been added, for each separate district, to the
descriptions given; these may readily be consulted in connection with the
latter, or in connection with the drawings of the metallic casts.

2. The marginal notes also contain, in an abbreviated form. a complete
list of the bronchi; and they may enable the reader with greater rapidity to
review the construction of the bronchial tree.  The occurrence of ifurcations
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is indicated in the marginal notes by brackets coupling the names of the
two resulting branches.

3. Lastly, a special notation has been appended to the names of all the
tubes, with the exception of the smallest; this consists in each case of a
Roman numeral and of one or more letters. The purpose of the notation is,
likewise, twofold :

By the numeral is meant to be conveyed the degree of relationship
existing between the main bronchus and the tube under consideration, in
other words the number of bifureations oceurring between the tube and the
trachea ;

The letters appended to the numerals are, on the other hand, intended
to represent the changes in directions successively undergone by the air-
channel from the main bronchus onwards. In the notation attached to
any bronchus there occur as many letters as there are internodia between it
and the main bronchus, and each letter possesses a definite significance
according to the code set forth below. A suceession of different letters
means an equivalent number of internodia of different directions, and a
repetition of the same letter implies a persistence in the original direction in
spite of one or of many bifurcations. The last letter expresses in every case
the direetion of the bronchus under consideration.

With the help of this notation it is possible to form a rough idea of the
probable position in the bronehial cast, and in the lung, of any given tube. In
other words the notation is meant to serve the office of a *““finder” in connec-
tion with specimens of the bronchial tree under actual observation, and in the
absence of any specimen, to assist in the production of a mental image of one.

Code of the Lettered Notation.

In the notation e stands for anteriorly.

e = externally.
1 A internally.
o s downwards.

8 o upwards.
P - posteriorly.

Key to the Illustrations.—In most of the illustrations letters have
not been introduced within the figures for reference. But, wherever the
scale of measurement has been included in the illustrations, the sepa-
rate lines of the seale have heen lettered or numbered. Each of the
letters or numbers is so placed that it serves, at will, to designate either a
line or an interspace. It is therefore possible, by combining a letter and a
number, to refer either to the point of intersection of two given lines, or
to the square intercepting two given columns. By this means it is easy to
refer to any spot in the figure,
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THE PULMONARY APEX,
THE RIGHT APEX AND ITS BRONCHIAL SUPPLY.

(GENERAL SURVEY oF THE Broxcmiat, DistrisuTioxN To THE RiGnT Arex.

Tue right apex is mainly indebted for its adration to a large bronchial
trunk. presently to be deseribed as the esceading apical  bronchus,  lis
entire inner and posterior range is occupied by this distribution, branches from
which also extend to the sterno-clavicular region in front, and to the outer
supra~spinons region behind. If an imaginary vertical plane be drawn
through the extreme mesial, and the extreme lateral point respectively reached
by these branches, the vertical plane will define the anterior limits of the
distribution in question.  Evervthing behind the plane is part of the domain
of the ascending apical bronchus 3 and within the same boundary 1s included
the actual summit of the lung, the apex in the narrowest sense.

But the anterior and the antero-lateral surfaces of the dome-shaped
apical district are supplied by bronchi belonging to other systems.  These
accessory apical broachi, ennmerated in their order from the sterno-clavicular
region outwards, are:

(1) The sterno-clavienlar bronelus ;
(2) The ascending apical pavasternal broiehus ;
(Both these are derived from the ascending sterio-pectoral friunl);
(3) The mid-pectoral apieal bronchus ;
(4) The anterior axillary-apical bronchus;
(5) The posterior axillary-apical bronchus.

The last-named bronchus belongs to a plane posterior to the boundary-line
above deseribed ; but it is eoncerned with the supply of the inferior part only
of the dome-shaped distriet.

The Sterno-scapular Inter-bronchial Sulcus.—In the metfallie
cast of the bronchial tree, it may be seen at a glance that the bronehi just
enmmerated form an anterior zone, which is separated from the ascending
apical distribution by a broad space or avenue.,  To this inter-bronchial space
the name sferno-scapular sulews may, for purposes of description, be applied
with advantage, inasmuch. as it suggests the anatomical relations of the parts,
and the obliquity of the transverse axis of the space. The bronehial inter-
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space is occupied, in the non-dissected lung, by blood-vessels, by fibrous
stroma, and by lymphatics. As a space it exists only in artificial prepara-
tions, where the bronchial tree has been isolated by the removal of the
spongy tissue, and of the pulmonary vessels. In the diagrams (figs. 6 and g)
the long sterno-scapular suleus is very plainly shown ; it will also be recognized
in the drawing (fiz. 10), just below the intersection of line C and line iij.

Tae Ricut UrrEr Lopir BROXCHUS.

The peculiarities of this bronchus are—

(1) The high level of its origin ;

[2} Its shortness ;

(3) Its horizontal direction ;

(4) The unusual mode of its terminal division.

(1) The Level of Origin of the Bronchus.—In the metallic
cast, depicted in fig. 11, the upper surface of the upper lobar bronchus,
viewed from behind, oceupies exactly the same level as the snmmit of the
infra-tracheal angle ; and its lower surface extends to 1°1 em. below the said
level (see fig. 11, line ii}).

(2) The Length of the Bronchus.—The distance from the infra-
tracheal angle to the inter-bronchial angle between the upper lobar bronchus
and the bronchus intermedius is equal to 2°1 em. On the other hand the
linear distance between the infra-tracheal angle, and the termination of the
bronchus (which cannot be seen from behind), i1s 33 em.* From a com-
parison of these two quantities it is seen that the length of the bronchus,
measured along its inferior posterior surface, is 1°2 em. The upper
measurement exceeds this length by an amount difficult to determine with
precision, owing to the very rvegular semicircular curve, by means of which
the vertical tracheal border passes into the horizontal border of the bronchus.
But the difference may be estimated at a maximum of § mm. According
to these figures the -right main bronchus would possess an undivided
length of only 15 mm.

(3) The Axis of the Upper Lobar Bronchus is strictly horizontal,
and belongs to the same vertical transverse plane as the tracheal axis; for
it will be noted that the bronchus arises from the lateral surface of the main
bronchus ; namely, from the two posterior thirds only of that swrface. But
neither the upper nor the lower surface are absolutely parallel to the axis of
the tube; they converge towards its termination, and the upper surface

% These measurements, and all subsequent ones, were made on the metallic cast. They
may not always coincide absolutely with the apparent proportions in the drawings.
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appears to drop slightly, whilst the lower surface rises by more than an equal
amount. Moreover, it is noteworthy that the tube is not circular, but slightly
flattened from above downwards., The tracheal border passes into the
horizontal upper surface of the upper lobar bronchus so gradually, that iv is
possible for the inadvertent to mistake this surface for that of the tube con-
tinuing the direction of the trachea. Although not a continuation of the
1|'.'H:|I|'u-, the upper lobar stem is certainly one of the continuations of the main
bronehuns ; for the upper and the lower surfaces of the latter diverge by an
equal amount for some distance above the angle formed by its two divisions,
This i1s a repetition of the lateral divergenee of the two sides of the trachea
above the infra-tracheal angle,

The Mode of Division of the Upper Lobar Bronchus.—a
Bifurcation.—Thus carly, at its central end, does the upper lobar eonchus
proclaim the principle of dichotomy. A eonfirmation of the same principle
is afforded, although in a less obvious form, by its distal extremity. The
appearances presented by the latter might be pronounced, from a merely
t-;u|]1-|'lil_'h|l in:::lh-t_'lfn,nl, Iluu-:il.l[!.'nl_".'l]: the main tube comes to an end, and
three tubes replace it, diverging, respeetively, upwards, outwards, and
forwards, exactly like the feet of a tripod.  This is not, however, a genuine
trifareation—however close the outward resemblance.  TFor it can be demon-
strated that the lobar bronchus does not come to an end at onee, and that the
three tubes do not start from a common level, A front view of the matter
will show that the anterior tube, which we may eall at onee the pecloral stem,
detaches itself from the lobar bronchus, and projects forward before the other
two stems have attained individual existenee.  In other words the pectoral
stem diverges from a remainder of the lobar bronchus.  There are but two
tubes as yet in contrast—viz., the remainder in question and the pectoral
stem ; therefore this is clearly a hifurcation.

The posterior view gives in a different manner almost equally complete
a proof of bifurcation. The posterior surface of the bronchus passes without
any break into the posterior surface of the ascending apical stem, and of the
outward or axillary stem (see fig. 171, line H). The continnity of these
two tubes with the posterior halt of the calibre of the lobar bronchus is as
plainly shown here, as the continuity of the anterior half with the peetoral
trunk is displayed anteriorly.

The .A.]]I]H..rent Trifurcation I‘i';‘lH:g.' consists of fire Jrn_'j'-r-!."r'.'-'-'.'urt-\' follow-
ing cach other very rapidly.  Iad the process been carried on symmetrieally
a tetrapod would have resulted.  The tripodie appearance is therefore due to a

unilateral, or asymmetrical vepetition of the bifureation of the lobar bronehus,

The tube divides dichotomously, and one only of its divisions undergoes
immediately a second bifureation. According to this view the first bronchial
subdivision in the right lung, instead of disproving the prineiple of dicho-
tomy, as Aeby contends, affords at once a double instance of its application,

It was necessary to enter into some detail, both in order fo explain a view
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contrary to the appearances, and becanse this mode of division repeatedly
occurs in the bronchial tree, and invariably bears the construction which 1
have applied to the spuriows frifurcition in the upper lobe.

The remeainder of the lobar bronchus after separation of the pectoral stem
derives from its branches the name of awillary-apical stem. Tts length
measured anteriorly does not exceed 3 mm., a quantity so small as to have
been readily overlooked.

Some Difficulties Explained.—It is now easy to explain some of the
difficultics which may have occurred to the reader whilst perusing the
preceding pages :

(1) The upper and the lower border of the lobar bronchus are not
parallel, becanse the upper curve of origin beging higher and neaver the
middle line than the lower, and has a different radins.

(2) For the same reason the length of the lobar bronchus is different
when measured respectively above and below.

(3) In the posterior view of the metallic cast, and in fig. g, the bronchus
tapers towards its termination, because more than one-third of its calibre
has separated from it in the shape of the pectoral stem, with direction
forwards,

(4) That which from behind appears to be the terminaticn of the lobar
bronchus (see fig. 11 to left of the intersection of the line H and of the line
ii}), really belongs to the remainder from the bronchus—viz., to the axillary-
apical stem, which represents barely two-thirds of the original ealibre.

(5) Inasmuch as the upper lobar bronchus originates from the posterior
two-thirds only of the lateral surface of the main bronchus, the posterior
fold of this bifurcation is free to extend further inwards than the anterior
fold, which comes to an abrupt end. Thus at both its extremities the pos-
terior aspect of the lobar bronchus acquires a spurious extension which does
not exist in the hore of the tube.

In conclusion, no better opportunity oceurs in the bronchial tree for the
study both of the rules and of the exceptions in the system of bifurcation
than is afforded by the distribution of the upper lobar bronchus.

Tue Ricuat AscExpixGg Aricar DISTRIBUTION.

N.B.—This distribntion is included in the Synoptical Table I. The
drawings (fig. 10 and fig. 11) and the diagram (fig. 9) will assist the reader.
He will also find a reference to the dissections useful (see figs. 1 and 3).

Axillary-apical Bifurcation.—In the bronchial system bifurcation
usnally means divergence of both produets of division from the axis of their
parent stem. In the case of the axillary-apical stem this divergence is
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entirely confined to one of the branches, the ascending apical ; but it is
considerable, since the upper horvizontal border of the stem passes into the
almost vertical apical trunk, which also presents a very slight inclination
forwards. The axillary, or lower Iranch of bifureation, instead of diverging
downwards from the line of the original axis, approaches and ultimately
erosses this horizontal line, and by a gradual npward curve, diminishes il
angle which intervenes between its own direction and that of its twin
bronchns, II:_JLL:_(']1|:.', the :‘1':«:5“:11'_':.' stem may be said to continue the lower
curve of the upper lobar bronchus.

The height, or length, of the Ascending Apical Trunk. measured
from the upper surface of the lobar bronchus, is § mm. At this distance the
trank bifurcates into an  aaferioe and a posterior ascending apieal trunk.
The anterior trunk combines its rvise with a decided forward, and a slight
inward, movement, and its distribution takes place inwards and forwards.
The posterior trunk inherits the upward and very slightly outward tendency
of the common apical stem, and devotes its branches to the serviee of the
posterior and of the central parts of the apex. Each of these distributions

will be separately studied.

Distrilution of Right Andevior Asecnding Apical Trual.,

The Anterior Ascending Apical Trunk rises upwards and forwards
(faintly inwards also) for a distance of 7 mm. TIts divisions, the iuner or
tracheal apical trunl: and the anterior asceading apical frunl: ave situated side
by side. The Tracheal division inelines inwards and upwards, and is
distributed to the anterior part of the inner surface of the apex. Twice as
long as this stem the Anterior Ascending Apical rises undivided for a
distance of 1-8 cm. with slicht forward curvature, At the upper level of
the claviele it divides into a posterior trunk, the eaferior tnwner apicil
browehas, which, eontinuing the same curvature, inclines backwards and
slightly inwards in its ascent, and into the superficial anterior eprical bronchus
which rises straight forwards,

Superficial Anterior Apical Bronchus.—Numerous branchlets are
given in varions directions from this bronchus, which terminates by two lateral
bronchioles at the anterior surface of the apex just above the clavicle.

The Anterior Inner Apical Bronchus ascends for the distance of
I cm. and divides into the Anterior Central Apiecal. a continuation of
the previous direction with slight outward bend; and into the Inner
Superior Apical.
towards the left, and ends as Superior Inner Marginal by means of a
horizontal hifureation situated above the branches from the tracheal distrilbn-
tion. The bifurcation which gives rise to the superior inner marginal also
vields the Aacanding Inner Apical Bronchus, the innermost peripheral
branch among those ascending to the summit,  This bronchus terminates in

This bronchus takes a bold ascending curve, concave
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final bifurcation of the superior inner marginal faces inwards, In fig. 11
the termination of the superior inner marginal coineides with line j, the
pitch-fork appearance presented by the anterior and middle tracheal, to be
presently deseribed. ocenpies the middle of the square G 1), and the T -shaped
tracheal recurrent is seen Just external to the divided azygos vein.

The Tracheal Apical Trunk is concerned with the supply of the
anterior half of the inner surface of the upper lobe excluding the upper
extremity of this surface which is served by the inner superior apical. The
trunk has a length of 1 cm, and a direction upwards and slightly inwards,
Its two branches, the enferior and the middle tracheal, preserve this direction
et first, but ultimately bend slightly inwards and terminate on either side,
but a short distance below the level, of the superior inner marginal. The
much larger curve formed by the latter bronchus and by its parent trunk, a
enrve which closely resembles that of the davits of a ship, overshadows the
cistribution of the tracheal stem, :

The Anterior and the Middle Tracheal are so symmetrically
arranged that to deseribe one is almost to describe the other. Together they
exactly resemble the eunrved prongs of a pitch-fork held upwards, with its
coneavity towards the trachea. Their chief bifurcation takes place early,
within 3 mm. of their origin; in the resulting inward branch some want of
uniformity may be noted.

The inward or Sterno-tracheal Bronchus derived from the anterior
tracheal, has a forward as well as an inward direction and breaks up into
small sub-lobular tubes, at the posterior surface of the upper sternal fringe,
exzctly behind the branching of the sferno-elavicular branch from the sterno-
pectoral,  The sterno-tracheal bronchus is in its course almost horizontal, but
it presents a slight declivity.

The Middle Tracheal Bronchus.—The inward branch from the
uviddle tracheal is of interest as being a good instance of a T -shaped recurrent
bronehus.  This short bronehus, the Tracheal Recurrent, measuring
3 mm. in length, has a direction inwards and slightly downwards, Ifs two
branches, divected respectively upwards and downwards, form with it two
right angleg, like the branches of a T. They are in the same relation to it
as the legs of an acrobat to his body, during the performance commonly
termed “* the .splits.” I may here call attention to an interesting fact in
connection with the direction of their air-eurrents,. During inspiration the air
would follow, in the descending branch, a direction parallel to that followed
by it in the neighbouring frachea. But, in the small bronchus, the air
would have previonsly completed a cireular journey through a succession of
bronehial tubes.

The T -shaped disposition of the branches is explained in connection
with the neighbourhood (2f. p. 62) of the free surface of the lung and
beyond it of the vena azygos and of the trachea,
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Both divisions of the recwrrent bronchos are fh-rl_}' ]'ﬂ'lﬁ']{[i'll with heeaefi-
lefs which are supplied to the intra-pulmonary tissue in every direction, anil
with sub-pleural branchlets for the aération of superficial lobules,

Dhistieibition -{,f the ;‘.’f'lrﬂ.*.f Posterior ..fixr'-‘mh'.rf:; _ff;:f-'rri Bronelus,

Posterior Ascending Apical Bronchus.—(Sece fig. 10, external to
line C; and fie. 11, in square H ij.)  This stem rises vertically, with very
slight inclination outwards, in continuation of the ascending apical stem, for
a distance of 1°2 cm.; and it divides into the awxiel apical tiwal: and the
posterior apieal, the latter being slightly internal as well as posterior in iis
direction.

The Axial Apical Bronchus needs no description. as regards direc-
tion, since this frunk is the unbroken prolongation wpwards of the main
apical stem,  Its first bifurcation takes place at the level of the origin of the
inward tracheal branches and of the T -shaped posterior branch from the
mid-pectoral apical. this  bifurcation outwaras the Axial
Apical Interlobar Bronchus, a T-shaped tube with flattened distribu-
tion, which faces (across the sterno-seapular inter-bronchial sulens) the axillary
apical trunk.  In fig. 11 the small T -shaped bifurcation is seen (in right
lower corner of s(juare H ij) Iving almost vertically across a shaded tube,

"o Arises

An anteiior escending decp-pulinonary branch arizes from the continuation
of the trunk and breaks the long interval (271 em.) between the last-named
bifurcation and the ensuing one.

The branch given up from the continuation of the stem, the Outer
Central Apical has a direction upwards and outwards, and after supplying
an oufer decp-pulmonary branek, ends at the apex by means of an anterior
and of a posterior termination.

The continuation of the waial apicnd swerves very slightly inwards, beyond
this bifurcation, and presents an dnuer decp=pulimonary, symmetrical with
that derived from the outer central bronchus.

The last bifurcation takes place high up into the Axial Terminal
Bronchus and the Posterior Central Apical, a slightly curved branch
which lics behind the anterior central apical but has an opposite direction
and curvature.  Both bronchi end by means of the customary sub-pleural
forkings,

The Posterior Apical Bronchus (fig. 11, left upper corner of
square I iij) rises npwards and slightly backwards for a distance of 1 em.
Its inmer and its outer branch respectively supply the posterior-inner surface
and the posterior surface of the apex,
posterior tracheal rightly belongs since this bronchus is contained in the
transverse body-plane which also contains the trachea, and therefore directly
faces the trachea, The other, larger, branch with strong outward slope is

To the first of these the designation
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the apical supro-spinete,  Both branches are readily seen in fig. 11, square
H 1.

The Posterior Tracheal Bronchus closcly resembles in shape and
general direction the anterior tracheal bronchi and gives up early an inward,
slightly descending, horizontal branch ending with T -shaped bifurcation,
the Posterior Tracheal Recurrent. The branches of this bronchus
(azeending and descending) run in a line with the posterior-inner border
of the apex. The small trunk continued yields a deep-pulmonary,—and
rarions  small branches.  After a full curve with concavity inwards, it
terminates at the same level as the anterior tracheal bronchi, at the inner
apical surface,

The Apical Supra-spinate, diverging from its twin-tube, curves in
the opposite direction, with concavity outwards and downwards ; the sweep
of this curve is a much longer one, this bronchus *su;‘m'ling a branch to the
extreme outer-posterior surface at the level of the acromion.

The branches of this trank imitate the two bifurcations of the prw:cflmg
one.  But the T -shaped Dorsal Supra-spinate Bronchus (seen in fore-
shortening in fiz, 11 at lower part of square H ij) is directed straight
backwards, and the deep-pulmonary, instead of being anterior, is lateral.
The trunk itself terminates in an anterior and a posterior outer supra-spinate
branch of small size ; and these, by their sub-pleural divisions, supply the
district above mentioned.

The accessory apex bronehi will be deseribed under the respective head-
ings of the pectoral, and of the axillary distributions,

THE LEFT APEX AND ITS BRONCHIAL SUPPLY,

Tue Lerr UrrEr Lopar Broxchuus (BroxcHus IMPAR) AND THE
PECTORI-APICAL STEM.

A short preliminary deseription of the behaviour of the wpper lobar stem
is indispensable for the due appreciation of the relations of the apical bronchi.

The Left Upper Lobar Bronchus arises at a level 3 em. below
the level of the right upper lobar. Its horizontal distance or ¢ longitude
from the infra-tracheal angle is 43 em. It takes its origin from the upper
anterior (and, slightly perhaps, outer) aspect of the main bronchus, which,
bending downwards at that spot, alters the slight upper coneavity of its
transverse portion into the inner or cardiac concavity of its intra-pulmonary
segment.

Direction, Calibre, and Length.—A direction forwards and out-
wards is assumed by the upper lobar trunk. Its length is only 1°3 em., but
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it possesses a calibre of considerable size.  Although not as large as that of
the inferior lobar bronchus, its diameter is apparvently equal to that of the
right upper lobar bronchus.*  But it should be borne in mind that the lefi
upper lobar bronchus is not the perfect equivalent of the right upper lobar.
Inasmuch as it supplies the cardiac besides the apical and pectoral distriets, it
must be supposed to contain the elements of a cardiac, as well as those of an
apex-bronchus,

Reasons for using the Name *‘Bronchus Impar.”’—DBy follow-
ing the two branches it is easy to verify the correctuess of this assump-
tion. One of these, the descending branch, is distributed in a manner and
in a situation analogous to those of the right cardiac bronchus,  The other
branch rises, with a direction which will be presently deseribed ; bt it =oon
gives off, by bifureation. a large anterior bronchus, which is devoted to the
supply of the pectoral region, and which is at onee recognized as the fellow to
the right pectoral bronchus, The other product of this division, after a
straight upward course, supplies three branches to the apex; this tube is
obviously the egnivalent of the right axillary-apical. It is equally mani-
fest that the trunk from which both the pectoral and the axillary-apical arise
is no other than the fellow to the right pectori-apical trunk.

It is now clear that, whereas the right pectori-apical trunk is the upper
lobar bronchus for the right lung, the same trunk in the left lung is only
i ].FI'-"E“'[".II n[t}ll" "]Illl'i" IITI]IEI'[' ]""[:I]ll_']'il!ﬁ_, il“l:{ HE t“'ill-l |.|I.|1|I to t—llf‘l l:‘:ll‘{]ii“,' ]I]T]]l-l'_']]'l_]:‘-:,

The left upper lobe therefore contains an additional, and, judged by
the standard of the right bronchial tree, an drregular tele.  Beyond
this tube the left upper lobe presents an equality with the right as
regards the number of internodia and of bifurcations.  Buot the tube under
discnssion is essentially different from the right upper lobar bronchus in ifs
behaviour and in its branches; and, since it is impossible to deprive i
of the name * upper lobar,” it is at least necessary to add to this name
another which shall express the essential dissimilarity between it and the
right upper lobar bronchns.  Henee the term * bronchus impar™ which 1
propose for it.

The Pectori-apical Stem.—On the other hand, although the left
lung contains a stem exactly the counterpart of the right upper lobar
bronchus, it is impossible to give to this stem the name “ left upper lobar,”
It must be known merely as the pectori-apical stem. This difficulty has led
me to use an alternative name for the right upper lobar bronchus also. 1
term it the right pectori-apical: and by this means I am able to secure a
correspondence in the names which shall express the correspondence which
exists between the tubes,

Differences between the Left and the Right Pectori-apical
Bronchi.—There is however a great disproportion between these two bronehi
in their size, in their direction, in their level of origin, and in their distance
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from the infra-tracheal angle. The left pectori-apical is a short trunk mea-
suring only 8 mm. It does not continue the dirvection of the bronchus impar
forwards and ontwards, but abruptly rises, almost in a vertical line, and with
a slight inclination forwards and ontwards.

Thereby it serves the purpose of diminishing the vertical distance which
exists between the level of origin of the left axillary-apical trunk and that of
the right. Nevertheless a vertical distance of 2 em. persists between these
two points of origin: and inasmuch as the upper level reached by the right
apical distribution is practically identical with that reached by the left, the-
difference must be made up by a lengthening of the ascending branches of
the left distribution.

Branches of the Left Pectori-apical.—Two large trunks arise
from the bifurcation of the pectori-apical trunk : the pecforal sfem, which
proceeds straight forwards and a little upwards ; and the axillary apical stem
which is almost vertical, preserving the slight forward inclination, but losing
the faint ontward tendeney special to the pectori-apical. The pectoral dis-
tribution will he separately comsidered ; but the apical and the axillary distri-
butions cannot readily be treated independently of each other, owing to their
common origin from one trunk, but chiefly because they take almost even
shares in the bronchial supply to the apex.

(GENERAL SURVEY OF THE DBroONCHIAL IMSTRIBEUTION TO THE LEFT AFEX.

Area of Distribution of the Apical Bronchus.—The apical
division of the left axillary-apical trunk plays a much less important part in
the bronehial supply of the apex than that which belongs to the right apieal.
The latter was shown to occupy the whole inner aspect, and also the whole
upper-posterior aspect of the apex, In the left lung the apical bronchus is
restricted to the inner-anterior corner of the apex. Its branches supply the
inner-anterior border and a section of the adjoining inner, and of the
adjoining anterior surfaces, not quite amounting to half of each of these
surfaces, Of the cubic space of the apex this distribution may be said to
occupy the anterior-inmer third. The general hhn}m of the distribution
is that of a pyvramid presenting an anterior, an inner, and a posterior-
external side, a base facing downwards towards the infra-apical bronchial
interspace, and a summit pointing upwards towards the inner-anterior
angle of the apex.

Areas of Distribution of the Anterior and Posterior Axil-
lary Bronchi.— Both divisions of the axillary stem, but especially the
posterior, possess, in the left lung, a predominating upward tendency. To
the posterior awillary division belongs the bronchial supply of the following
sarfaces of the upper apex, viz., the posterior part of the inner surface, the
whole posterior surface and onter surface, and the outer part of the anterior
surface,
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The anterior axillary division is distvibuted to the lower, or basic zoue of
the apex, in the outer-anterior and in the superior-axillary regions.

Accessory Apical Supply.—Only one branch from the pectoral dis-
tribution the ascending wid-pectoral comes into relation with the apex, rising
anteriorly as far as its lower or basic boundary at about the level of the
inferior border of the clavicle. But it does not take any part in the air-supply
about to be described.

Peculiarities of the Left Axillary-apical Trunk.—Strongly con-
trasting with the redimentary vight axillary-apical trunk, the corresponding stem
on the left side has a length of 1 em.  Moreover, instead of being hovizontal
outwards, it is almost vertical upwards and slightly forwards.  This circum-
stance enables not only the apical trunk, but also the axillary to arvise from a
level relatively less inferior than would otherwise have obtained. The manner
in which these two trunks originate is in one sense analogous to the arrange-
ment at the right apex; it is a spurious triforcation.  That Professor Achy
should select this as an instance of bifurcation in contrast to the trifureation
which he deseribes (loe, cit., p. 62) at the right apex is the more astonishing
ag, in the specimens which have been examined by me, the left division was
so evenly tripartite that it was diflicult to determine which two, among the
three apparently simultaneons tubes, were linked together by an abortive
common trunk., Probably Professor Aeby's specimens presented o different
arrangement of tubes.  Nevertheless this is essentially a bifureation repeated
unilaterally, of the same type as that elsewhere deseribed (see p. g1); and
we are enabled to analyse and interpret correctly its deceptive appearances
thanks to our knowledge of the faithful analogy existing between the upper
right and the upper left lobes, which Professor Aeby had thought to have dis-
proved.

Studied in the light of that analogy the left ascending apical trunk is
seen most clearly to be a complete though a diminutive reproduction of the
right ascending apical ; and it follows that the two other members of the
apparent trifurcation are respectively reproductions of the two axillary divisions
in the right lung.

A confirmation of these views is readily obtained h;..' a close il]::lji_‘t1 1011 of
the mode of division of the axillary-apical trunk. The ascending apical is
not the direct continnation of this trunk. It tends to form an angle with
the latter by diverging slightly forwards and inwards. Had the axillary-
apical trunk been horizontal, as in the right lung, the size and the morpho-
logical value of this angle would have become more obvious ; it would have
directly pointed to the morphological identity between the vight and the lefi
apical bronehi.

Viewed anteriorly, the three trunks in question arve placed side by side,
and the two angles which separate them have their apices at the same level,
Posteriorly, however, this is not the case. The two axillary divisions arise
from a short common trunk of origin, directly continuous with the parent
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stem, and are decidedly posterior to the aseending apical, which the said trunk
partly hides from view. The separate existence of this rudimentary stem is
capable of demonstration in the metallic cast (see fig. 11, square C iv), owing
to the fact that the furrow dividing its two branches terminates fully 2 mm.
higher than the furrow dividing it from the ascending apical trunk.

In conclusion the differences noticed between the bronchial tree of the
two apices are readily to be explained if we imagine that a lobar bronchus
bearing the same branches as the right upper lobar bronchus had been lifted
bodily from the horizontal into the vertieal position. Certain re-arrangements
of direction, of size, of length, and of branching of bronchi would be necessary
in order to fit within the pleural space a bronchial district thus rotated ; but
no important member of the bronchial system need in the process have been
altered past recognition. The greatest sufferer in a process of this kind would
obviously have been the ascending apical trunk, for in the right lung, with
horizontal axillary-apical stem, this was the only large ascending trunk. In
a similar way the axillary divisions would have gained largely in importance
as members of the apex-supply ; and they would, of necessity, have usurped
part of the posterior and outer territory otherwise monopolized by the ascending
apical. These are precisely the conditions observed at the left apex.

Subdivision to be adopted.—In view of the importance thus attained
by the two a?-:i“:n‘*'-.' divisions, the l:lt‘.'i{:.l'ipt;(}ll of the ul_lr\‘x-:-_xu'[]ply will be sub-
divided into three sections respectively devoted to the ascending apical, to the
anterior axillary and to the posterior axillary bronchi.

DistrisuTioN oF THE LEFT ASCENDING ArICAL BRrOXCHUS

The Ascending Apical Bronchus rises forwards and inwards, for a
distance of 1°2 em., as far as its bifurcation into the anferior and the posterior
ascending apical. 'The posterior trunk assumes an almost vertical direction, The
anterior, on the contrary, improves upon the forward tendency of the common
trunk ; but its two branches subsequently revert to a more upward direction,
The anterior trunk and its two branches are seen in fig. 10 (in square F 1v
close to line F).

Antevior Ascending Apical Distribution.

The Anterior Ascending Apical, a short stem, 8§ mm. in length,
clesely corresponds to the same trunk in the right apex; but instead of
facing inwards, its two branches are distributed forwards, to the anterior surface
of the apex. They ave respectively named apical sterno-clavicular and inner
iterior apiceal, They are both very wavy in outline, or even angu]m‘,
especially the sterno-clavienlar, (See fig. 10, squares Fiv and Eiv.)

A descending intra-pulmonary branch, of small size, is supplied by both,
or by the anterior branch from each of them.
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The Apical Sterno-clavicular contributes its descending deep

pulmonary branch before bifurcating.
mainly horizontal.

small importance,
The Apical Sterno-clavicular Branch, bending inwards at a

right angle, divides into two large T-shaped bronchi respectively directed

towards the anterior surface and towards the internal surface of the apex.
The Anterior Inner Apical follows a serpentine course upwards,

'ﬁ']l S L

its termination does

squares F iv and I iij.)
Its Anterior Clavicular Branch is given at the same level as that

from the sterno-clavicular (see fig. 10, square ' iv), horizontally forwards.

not reach the highest level.

(See

Both its branches of hifurcation are
The outer, a Superficial Clavicular Branch, is of

fig. 10.

It is more important than the inner clavieular, and comes into contact

below with the extremity of the ascending mid-pectoral trunk (the latter
tube has been interrupted in fig.
square 11 v).

branch.

The continnation of the trunk supplies deep intra=pulmonary branchlets,
and one larger ascending. posterior, intra-pulmonary and finally divides into

10, neal

the rieht

upper

corner
The descending deep intra-pulmonary is given off from this

an inner larger and taller, and a smaller outer terminal branch for the supply

of the anterior apieal surface, just below the higher distribution of the vertical
apical and of the central apical bronchi.
fig. 10, square I'iij, the inner branch ending on line ij, the outer branch in

the middle of the square.

The Posterior Ascending Apical supplies the anterior part of
apex, and the inner fourth or third of the
art of this distribution is shown,

the inner surface of the lower
true summit of the lung.

Posterior Ascending Apical Distribution,

in

These two terminal tubes are seen in

hg. 10,

occupying a posterior plane, at the boundary between squares Eiij, Eiv,

and Fiij, Fiv.
about 8§ mm.
being in any
posteror,

sense dorsal, and in dividing.
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not mto

apical and as vertical apical bronchi, respectively,
The Vertical Apical resembles closely the axial apical of the right

apex, but lies nearer the internal surface.
upward branches at acute angles.
wising intro-gpicel branch.

an
branches, which may be described as aort i{.'

anterior

lts divection is almost vertically npwards, and its length
It differs from the right trank bearing the same name,

in not
and

It is a long thin branch supplying
Its first bifurcation wvields posteriorly a
[ts second Dbifurcation supplics to the mesial

surface of the apex two trunks known as pesferior and as auferior wertioal

apieael bronehi, which diverge but slightly at first.

The vertical apical and its

two branches are shown in fig. 10, chiefly in square Fiij, close, and almost
parallel, to line I,
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The Posterior Vertical Apical, after an upright course, during
which small inward branches are given to the sub-pleural surface, arches
backwards and inwards towards the corresponding upper corner of the apex,
which it does not quite reach.

The Anterior Vertical Apical divides, after a course of 1°3 cm.,
into an anderior vertical and a verfical marginal bronchus, The vertical apical
bronchus terminates upwards in a line with the ascending apical stem. The
vertical wargingl bending inwards horizontally gives rise to two T -shaped
branches distributed to the inner and to the anterior surfaces in the same
manner as, but at a much higher level than, the branches from the sterno-
clavicular. (See fig. 10, squares E ij and Eiij.)

The Aortic Apical Trunk (for this distribution see fig. 10, squares
I 1] and E iv}) in its supply to the lower part of the inner surface of the
apex 18 overtopped by the taller arching branches from the ascending apical
and from the 'chmling axillary. It may be regarded as the di:-;plm::e-l and
diminished equivalent of the right supra.spinate.  Its length is 4 mm. It
hifurcates into an ascending portion and into an inward Aortic Apical Re-
current Bronchus. The latter presents a strongly hooked descending
branch and a small anterior branch, both freely provided with branchlets
(seen in fig. 10, square Fiv in a posterior plane).

The Ascending Aortic Apical divides into an anterior and a pos-
terior superficial bronchus, which diverge upwards in the shape of a letter
V. and are also well furnished with sub-lobular branches. (See fig. 10,
square E 1ij.)

LEFT AXILLARY DISTRIBUTION.

The Rudimentary Axillary Stem (see fiz. 10, square I'v; and
fig. 11, square Civ) is the continnation of the axillary-apical stem.
Viewed from the front, it presents no appreciable length, but immediately
bifurcates, Of its two divisions one only, the posterior axillary, preserves
the original direction upwards, outwards, and very slightly forwards. The
other, or axillary division assumes greater obliquity outwards, forming with
the horizontal an angle of 45° Owing to these directions the former
becomes essentially an apex-brouchus, the latter remains to a great extent
axillary, The whole of this distribution may with advantage be studied
from the posterior aspect of the cast, in fig. 11,

Distribution of the Posterior dwillary Trunk:.

The course followed by this bronchus takes it past the central point of
the apex, a little behind that point, At the level of the centre it breaks up
into four branches (an anterior and a posterior inner, and an anterior and a
posterior outer) for the airation of the central and of the posterior parts of
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the apex. These arch in bold curves respectively outwards and inwards,
and thus asswme a distant resemblance to the lateral leaves of a palm-tree,
(See fig. 10, square I" ij; the distribution is best shown however in the
posterior view, fig. 11.)

The Posterior Axillary, in its undivided portion, has a length of 1-3
cm. In the apparent trifurcation of the axillary-apical stem (seen in square
I'v of fig. 10), it lies slightly behind the two other trunks which, viewed from
the front, appear to arise at the same horvizontal level with it.  Tis first
bifurcation supplies the strictly vertical posterior apical, a trunk 8§ mm. in
lt'ug[]:; and the .u-'a}f-r-rp;n'm", £°2 cm. inllg, which continues the Dl'igillail
direction with slightly increased outward bias,

The Posterior Apical, overlapped in fig. 10 by the mid-apical and iis
bifurcation in the lower and outer corner of I iij, divides into an inner, and
into an outer posterior apical tronk,

The Inner Posterior Apical continues the vertical direction as far
as its final bifureation, 2°7 em, above its origin, into an inward arching and an
outward arching branch.  Its most important branch is given early, straight
inwards, facing aft a distance the trachea, and erossing horizontally, at a high
level, the direction of the left pulmonary arch.  The distribution in question
has the usual flattened T shape ; the bronchus may be designated as the

Posterior Apical Aortic Recurrent. in association with the aortic
apical recurrent described above,
coinciding with line ij.  Two ascending deep intra-pulmonary branches arise
also from the trunk ; of these the posterior is the more important.

Of the two terminal arching branches. the inner bifurcates into an
anferior and a posterior division, which respectively supply the posterior
part of the inner superior margin, and the inner posterior angle of the apex
(fig. 11, column C, line j}.

The outer branch arches outwards (column B, line j) to the inner
posterior half of the summit.

The Outer Posterior Apical has a posterior as well as an outward
ascending tendency, It remains posterior to the outer branch of the mid-
apical stem ; and not reaching as high as the summit, it is overtopped hy
branches from that bronchus. At the same level as its twin-tube it yields a
T -shaped posterior warginal bronchus, of which the descending branch assists
in forming the posterior edge of the inferior lobe (fig. 11, line (),

After a further course of 1 em. the trunk divides into an aseending
vuter  posterior apical and  a horizontal owter posterior apival, which are
distributed to corresponding regions.

It is well shown in column € of fig. 11,

The Mid-apical Stem is of much more important size than its
fellow, TIts two arching branches, the {waes wmid-apical and the outer wid-
apicel (ending in columns B and C of fiz. 11 above line j), span the entire
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Inner mid- width, and terminate respectively at the inner and at the outer surface of the
syloalrl; »x, The inner surface however is only touched 1 far-reaching branch
asesel).  BpE r surface however 1s only touched by a i, -
E}:::;I m‘:} whereas the central apex, and the outer surface in its upper part, are entirely
asesee).  supplied from this source. Viewed from above, this district would take the
shape of a pyramid inseribed in the curve of the pulmonary summit, and
presenting its apex inwards, and its base outwards. In front of the apex of
this pyramid would lie the apical district of the ascending apical bronchus;
and behind it, the smaller inner-posterior apical district would complete the

roughly quadrilateral outline of the total apex-district.

e ey The Inner Mid-apical is the longer, the more vertical at first, and
apical (vij. gubsequently the more curved of the two branches. Whilst ascending, as
e does its parent trunk, almost vertically, it reverses the outward tendency of
the latter into an inward tendency with concavity inwards, As the summit
is neared, this tendency develops into a strong curve inwards and upwards.
(See fig. 11, square B ij.) :
T-shaped The branches all take their origin upwards, from the outer or convex
deep pul-— gide of the bronchus, with one exception, that of the T -shaped Deep

LLITHTR ] I"|'

( viij. . Pulmonary (sce fig. 10, between squaves I iij and G iij), a small branch
Ji:;l-llflll;uul. avising forward from the early part of the trunk and facing the transverse

apical {viij i Jhial 3 AT
nm-.mj I- apical bronchial interspace.

o The next bifurcation provides an ascending Outer Central Bronchus,
coutral (ix. ending, in fig. 11, at the intersection of lines B and j; and the ensuing

Toner mia. bifurcation an upright Central Bronchus which delivers a small Anterior
:1,'.:.2',1(.;; Midapi‘cal_ Brnnc;hus forwards to supply the upper Elll'f‘E‘lC{" not reached by
the anterior inner apical. (See fig. 11, squave B ij, near line C.)

{l‘m:tu al From the level of this bifurcation the mid-apical eurves strongly inwards,

e {"‘} and when near the inner upper margin divides into an anterior and a
BEEUESS

luner mid- posterior branch, one of which (or both) reaches the margin, Descending
I . . :
}:L’:;:‘mﬂf} intra-pulmonary branchlets are given by these bronehi,

i ] (vilf. o 1 117 v 3 1 Y L * . a ¥
:}-‘]-;--:E;."J square G iij, almost strictly continues the outer ascending tendency of the

U‘{“";:I"J?f!_r- common trunk, but it adds to it a strong backward element. It bifurcates
:L',':'?t ::,S“J' into an anterior or owfer wid-apicel branch and into a larger owter posterior

qulhzmr apical branch. In their branching their divisions are symmetrical, but of

{nuh.”,.;d_ The Outer Mid-apical, which crosses diagonally, in fig. 10. the

outer mii . . i pan
apical (ix. uneven size and slightly different level,

e The Outer Mid-apical division, after yielding, near its point of origin,
uu!urlmjd- a downward T -shaped branch, divides into a superior and dnferior branch
L:E:l:l,‘;:?; of bifurcation for the upper outer glope of the apex exactly above the axillary

[ Outer postr, apical. L . Atk : .
:ﬂiﬂﬁ;; The much larger Outer Posterior Apical divides into a posterior oufei=

"\ Postr.outer cendial branch aml an ouler posterior apical. The names of these bronehi
caentral | ix.

asese eps).  Sufficiently indicate their destination. The terminal branches from the
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posterior outer-central are purely superior. Those from the outer posterior-
apical are partly bestowed upon the posterior, partly upon the outer upper
margin of the apex.

Distribution of the Left Awillary Trwal.

The upward and outward course of the axillary stem is maintained for
a distance of 1°1 em. at the level of its second bifurcation where the two
resulting divisions, especially the lower, assame a more hovizontal course.

The first bifurcation yiclds an important Axillary Posterior Inter-
lobar which faces the inner hranch of the ascending oblique-dorsal trunk,
From the front this is seen in fig. 10, close to intersection G iv. In fig. 11,
it is hidden from view, except its origin in C iv.

The axillary stem now divides into an outer
superior acillary, and an antervior trouk the cefer
10, square (G iv,)

The district corresponding to these trunks is
ascending apical distriet, but the pyramid is here a low one. none of the
branches rising to a high level.

The Outer Ascending Apical soon gives an outward smaller
branch, the Anterior Axillary, which is almost horizontal and lies in front
of the superior :1:«;,i]|m'_‘:.‘1 :I.‘:‘-‘ii.‘:lii.llg i fl}l'lnihg the upper huumlnr:,' of the
infra-apical bronchial interspace.  (See p. 108.)

The outer ascending apical distributes a T -shaped branclhict towards the
transverse apical bronchial interspace, a posterior deep pulmonary, and forwards
a elaviculor and an ascending elavicwlar branch. It terminates in an upper
and a lower terminal branchlet, below and in front of the anterior division
from the outer mid-apical,

The Superior Axillary, at first rising slightly. becomes horizontal,
and gives horizontally outwards a T -shaped interlobar branch. The trunk,
after a further outward comrse of 1 cm., divides into an asecading, and a
slightly antevior descending swperior avillary.

The Descending Superior Axillary branch inclines slightly down-
wards and divides into an upper and a lower surface-branch for the anterior
axillary district, This terminal fork is easily recognized in fig. 10, square
H iv.

The Ascending Superior Axillary branch divides into the Hori-
zontal Superior Axillary and into the Axillary Apical Bronchus.
Both these bronchi terminate, at different levels, in the mid-axillary line, by
means of anterior and posterior branches of bifurcation.

almost horizgontal truonk the
(See hg.

R h' i HJ,I' J'J'Jrh'-{'r '} |F+
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THE LerFr INFRA-APICAL INTERSPACE..

A well-defined, horizontal interspace, transverse to the axis of the body,
which may be conveniently termed the left infra-apical interspace, is found
between the bronchial stems which rise to the apex of the lung, and the
horizontal bronchi destined for the pectoral distribution. This bronchial
interspace is well shown in fig. 10, below line iv. It is analogous to the
sterno-scapular interspace in the right bronchial tree, but differs from it in
direction.

The want of symmetry between the right and the left bronchial interspace
is bound up with differences in the shape and relation of the two pectoral
bronchial districts.  On the right side of the chest, the pectoral trunk assists
largely in the bronehial supply to the apex. In the left lung the apex is
independent of any aid from the pectoral trunk, having derived its air-
supply in great measure from behind, at the expense of the axillary
distribution.

It results that the left pectoral district possesses an almost horizontal
upper boundary, one twig only, the ascending mid-pectoral, rising to the
level of the apex-bronchioles and terminating in the middle line of the lung,
between the inner and the outer antevior apical distributions, Extending to the
outer surface of the lung where it faces the posterior horizontal distribution,
from that spot the boundary slopes downwards and inwards—forming the
hiypotenuse of a triangle, the right angle of which is formed by the sternal
border and by the horizontal bhoundary.

The level of the horizontal boundary is the same as that of the right hori-
zontal sternal bronchus,

The greater part of the vight pectoral district is above this line, whereas
the whole of the left pectoral distriet is inferior to it. This important point
may be made out in fig. 10. Line v, in that drawing, is situated a little
below the level in question,

RIGHT AXILLARY DISTRIBUTION.

The Axillary Trunk. short and broad (little more than I em. in
length), is the direct continuation of the upper lobar bronchus. It is the
outer division from the tripod described by Aeby (erroncounsly. as I have
endeavoured to show) as a trifurcation of the * eparterial 7 bronchus. The
apex-trunk and the axillary trunk should rather be regarded as bifurcated
from a rudimentary internodium, of the same standing as the pectoral
trunk, and with it derived by bifurcation from the upper lobar bronchus,
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This rudimentary trunk has already been deseribed under the name of

axillary-apical (E ij).

The branches arising from the rvight axillary spread ontwards, under
repeated  bifurcation, in the shape of a pyramid having its apex at the
apparent trifurcation. The base of the pyramid is represented by the
axillary and by the outer-posterior apical surfaces of the npper lobe,

The Central Axillary Interlobar is a short and relatively stont
bronchus descending from the axillary immediately before its bifureation,
So close is this relation that, had this bronchus ever been previously
deseribed, it would probably have been regarded as forming part of a trifurca-
Its two branches, sloping respectively forwards, and backwards, end
with T -shaped branchlets at the interlobar surface, Further reference
will be made elsewhere to this distribution.  This interesting bronchus and
its branches are displayed in square H iv of fig. 171.

Twao slightly diverging trunks of almost equal size, the axillery and the
velro-oxillary bronchi, are the products of bifureation from the main trunk,
the faint upward tendency of which is assumed, in morve marked degree, hy
its continuation and namesake (v. ecee).

The bifurcation in question is seen in fig. 10, just below the intersection
of lines C and iij.

tion.

Disteibution of the Right Avillavy Division.

The Axillary Trunk is about 2 em. in length. TFrom its middle
part arises obliquely downwards an External Interlobar Branch.
Branchlets are distribmted from this bronchus forwards and backwards,

The final bifurcation of the axillary takes place in the same plane as the
preceding one, the anfeiior avillary-apical and the superior ariflary being
the results. To the former reference has been made elsewhere (see
“Apex”). They both possess a length of about 2 em. and a symmetrical
termination into an upper and a lower forking division, (Consult diagram
fig. 9; but note that the axillary apical, as there shown, is too distant from
the apex, and not sufficiently vertical in direction.)

The Anterior Axillary Apical supplies a small branch forwards,

and rises for a distance of 2 em, before bifurcating. The upper of its forked

terminal branches ends near the external surface of the apex at the level of
the middle third; the lower third heing supplied by the inferior hraneh.
The Superior Axillary presents exactly analogons branches, which
provide for the airation of the middle or external portion of the superior
axillary region, the anterior and posterior aspects being otherwise supplied,
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Distribution of the Right Betro-axillary Division.
(This distribution can be best studied in fig. 10, squarves H iij and I iij.)

Singular among apex bronchi in possessing a posterior origin and a
backward conrse, the refio-mwcillary frunk is of same size as its fellow, and
likewise delivers a descending branch, the Retro-axillary or Superior
Dorsal Interlobar which however quickly becomes horizontal, and with
T -shaped bifurcation subtends the interlobar pleural surface. The two arms
of the T are seen in fig. 10, above and almost parallel to line iij. The
retro-axillary presents slight upward tendency and bifurcates into equal
divisions, the supra-spinafe and the posterior avillory apical.

The Supra-spinate Trunk continues the backward curve of the retro-
axillary, and ends after a course of 1'5 em. in an Ascending Supra-
spinate and a Retro-axillary Supra-spinate Branch. DBoth these
tubes contribute in the formation of the base of the pulmonary apex.
They extend respectively ontwards and backwards at the level of the
scapular spine,

The Posterior Axillary Apical Trunk, moving outwards and
upwards, bifurcates into the Posterior Axillary Apical and into the
deccending posterior axillary.  The former is concerned in the supply to the
outer posterior border of the apex. The Descending Posterior Axillary,
inferior to the preceding bronchus, curves downwards, but previously sends
an anterior descending branch to the axillary region.

The right axillary distribution, which has briefly been sketched, differs
greatly from the left in the horizontal direction of its trunk and of most of
its divisions, and in the more limited share which it takes in the formation
of the apex proper. Shortened internodia and, as a result, apparent trifurca-
tions are frequent in this distribution which thus rapidly acquires an extensive
periphery.



THE PECTORAL REGION.

RIGHT PECTORAL DISTRIBUTION.
(FENERAL SURVEY OF THIS DISTRICT.

The General Shape of the pectoral bronchial district is ronghly that General
of an elongated pyramid, placed horizontally with its small end towards the E.Irmﬂ.: -
root of the lung. The base of the pyramid eorvesponds to the anterior part ;I],:'I":“'::!'l
of the surface of the chest, between the clavicular and the mammary level. ™

The mesial surface is also posterior and is much bevelled,  The lower surface,
also bevelled posteriorly, is like the two preceding. invested by pleura. I
forms the upper side of the short or transverse fissure.  The outer side of the
pyramid is interrupted by the oblique fissure, or greab fissure of the long.
The upper side of the pyramid is continuous with the tissues of the apex,
but in the bronchial cast it is formed by the sterno-seapular inter-bronchial
space.

Tl Eilill!i,

It will be understood from the previous deseription that there are but two and the
free edges to the pectoral distriet, the mesial, or sternal, and the inferior :_']',if"g“'
edge, the former vertical, the latter horizontal, both being sharp. pyramid.

I have already stated that, in the right lung, the bronehi supplying the Broseli
pectoral district send upwards branches which take a prominent part in the f.':,l_.'i’,ll',:::_'”
airation of the anterior portion of the apex. In this sense the distribution
which we are considering is not limited strictly to the pectoral region of
the chest.

The bronehi of this bronchial district are without exeeption derived from A singlo
the pectoral stem, which is given off at the first bifurcation of the right upper ;:;,'i'wgl'"
lobar bronchus.

Tue Broxcur or THE Ricntr Pecroral DISTRIBUTION,

(This distribution can be followed in fig. 10, column B, where it extends between
line ij and ling vj—also in the diagram, fig. 9.)

The peetoral stem barely exceeds 1-3 em. in length, but is of substantial Pectoral
thickness.  Arising from the anterior extremity of the upper lobar bronchus, ::.Ilmlf.l
at the seat of the spurious trifurcation, it contributes the first part of the

semicircular curve forwards and inwards which carries the termination of the
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horizontal sternal bronchus to a point in the anterior pulmonary fringe nearly
opposite to the bifareation of the trachea.

Sterno- The two divisions from this stem lie side by side at their origin, not

5t =

weetoral . . o 1 : .

“il:i.1rl=l"l. however in a strictly hovizental plane. The outer branch or mid-pectoral is

:‘r} . slightly superior to the internal or sterno-pectoral bronchus. The same inclined
0 e Ly

(iij. ae).  plane continued npwards and backwards receives the divisions of the axillary
stem. This imaginary plane defines the lower boundary or floor of the sterno-
seapular inter-bronchial space or suleus,

Distribution of the Right Stevno-pectoral Trunk.

e The Sterno-pectoral Bronchus, of same length as its parent, con-
]'t:‘::‘"':! tinues the semicirenlar eurve, and divides into the ascending sterno-pectoral
(iv. nas). and the horizonfal pectoral bronehi.

{ | . L] .
i Reference has been made to the Ascending Sterno-pectoral in con-

sterno- .
3:1‘;‘:;1‘:; nection with the apex. Suffice it to mention here that this trunk rises forwards
gterno.  And inwards for a distance of 1-5 em. and bifurcates into the sterno-claviculor and

H“‘::L‘H" the apieal pavasternal bronchus which oceupy with their branches the regions
Apieal © indicated by their names.  Both bronchi run an upward and ? inward eourse

arasternal . foy s
(v. nase). and remain within a transverse plane at least as far as the level of the

clavicle.
Horizoital In contrast to its twin-bronchus the Horizontal Sterno-pectoral
;‘l{:?ﬂ;;l addresses itself to the supply of inferior districts. It is exceedingly short s
(v.mii).  and, bifareating almost immediately. it yields the inner~pectoral tiunk, and by

Inner o = : A F
E,,'.,,;,,ml a second bifurcation, 1 em. distant from the first, the deseending mid-sternal.

f'i;“t"'l‘ri:h Continning its forward and inward eurve the horizental bronchus distributes a
RO iy 5 5 A = o

mid-sternal descending paerasternal to the eorresponding region of the anterior surface, and
¢ (vj. naiid ), . .

! ‘i,,],l.h,_,‘,m‘_l] several marginal branchlets to the pulmonary fringe.

:’_'..';"::f:i'i'n The Inner-pectoral Trunk, of smaller size than the horizontal
(Deseending pectoral, and not exceeding, in the cast, 1 em. in length, proeeeds forwards

E“if;]'l’“"""“] and a little downwards.  After a bifurcation which gives rise to the deep
(i), uner-pectoval inferlobar, it supplies branchlets to the inner portion of the
1Ii-'|_.'!].'i||fl.l|" apper lohe.
:([‘I':i"_":"_‘"“}' The Deep Inner-pectoral Interlobar deserves mention in connection
pectoral  with the Central Inter-bronchial Space (¢f. p. 121) of the right lung, of
:11:{!::':“11 which it forms one of the boundaries. TIts branchlets are brought into
!:‘;I'ﬂ’";'” relation with the upper division of the pulmonary vein, behind which descends
[ (vj. aaiad). the pulmonary artery.

Auner The Descending Mid-sternal is easily identified as supplying the

:.:..Ha.j,':],'::‘:l lower extremity of the stermal border. It lies at first nearer the posterior

}.:iiij.'lij. than the anterior surface of the fringe. Fach of its divisions the {nner and
{ Outer the ouler descending mid-sternal, again subdivide,

;i.'.:iltl,'::ﬁ From the inner division arise (1) a small T-shaped bronchus for the peri-

(vij. cardial surface, and (2) marginal branches for the fringe of the lung.

\aaiida-}_
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The outer division provides anterior and posterior branches which, ap-

proaching the fringe, may be termed sub-marginal.

Disteiliation of the Right Mid-pectoral Truak.

A slightly ascending divection forwards and outwards rapidly removes the
Mid-pectoral from the vicinity of its twin trunk the sterno-pectoral.  Afier
a course of 1°5 em. it bifurcates, giving rise to the sd-pecforal apical, and
by a second bifurcation to the ewter pretoral,

The Mid-pectoral Apical resembles the ascending sterno-pectoral in
being chistributed Inninl}.' above the level of the ]1|T’m:l'{ll zone. In several
particulars it contrasts with this bronchus, It is entirely an apex-lwonchus,
beginning to deliver branches at a height which almost l:l'_rl']'n':-ll'lrmdﬁ to the
summit of the distribution of the other bronchus. It arises 8 mm. higher and
also further back than the latter, and, being at first vertical, maintains this
deep situation for a distance of § mm. Then inclining forwards and very
slightly ontwards in its ascent, it supplies an Infra-elavieular lorizontal
bronchus, which nfureates into an inner and an outer superficial branch,  This
18 the most anterior and the lowermost of all the branches connected with the
supply of the apex ; and, in divection, it is the continuation of the seeond pari
of the mid-pectoral apical.  The main trunk. now purely apical. aseends ver-
tically from this point, giving a posterior and inner T -ghaped bronchus which
faces the anterior ascending apical trunk. and. § mm. higher up, a Clavi-
cular Branch, outwards and forwards,

I'rom this point the mid-pectoral apical bronchus, whilst ascending almost
vertically, shows a slight backward and outward inclination, in conformity with
the dome-shaped surface of the district, and may be termed from its ]IIJHifiI'IH
the External Anterior-apical bronchus. Its small anterior terminal
branch is in the same anterior transverse plane as the middle anterior-apical
bronehug, a branch from the anterior ascending apical stem.
lateral terminal branch contributes to the Fall'[lp'lj.-' of the external surface of
the apex in its anterior portion.

In conelusion this bronchus, although orviginating from the pectoral stem,
rises to the anterior external surface of the apex, falling short of the creater
height attamed by the more central air-tubes of the apex as a result of its
own somewhat lateral plh.ﬂaiiiul:. and of the dome-like {ormation of the 1||,||nm—
nary summit. Whilst not approaching the surface excepting at its upper part,
it 1s the most antevior of the :l'i‘u‘}:-hl'mu'hi. ]n'ijlg separated from the apical
stem and its branches by the broad sterno-scapular inter-bronehial suleus,
Its distribution begins at the level of the claviele; it is mainly anterior and
superficial, and, in shape, pyramidal.

The distribution of the ascending sterno-pectoral, on the contrary,
acquires breadth as it ascends, owing to the divergence of its two large
branches. It sapplies the inner third of the clavicular surface of the lung—
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TABLE II.—LEFT PECTORAL DISTRIBUTION.
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TABLE IIL—RIGHT PECTORAL DISTRIBUTION,

‘g9 afraal po m_._.._._...u_"._m.._ﬂq...— ) .:....._....w..“.._:..... Fiv PIFIL B Wy eyl ._._.__ __.._._...__._._..“..vw_._ ..u_..h ll..ﬂ.m AT

...._._...__..__.._....:... wal  lasaavae Tread

[ panzaaz ‘Ta)

TV XL £$L IVXINI
DRIANEISA  IVLNOETNO]
ol ) (oo
IVHOLIH. TWVIHOLDIH G MAL0
HALN DXIANIISY
™ W
| aogan _._. )
IVIIOLI A

HDXEVIUH AVHOT

AL WAL DN MXEISHA(T

“(seszsaw Ma) - (dsssson -
VX

L IVNINUAL
UOIMHLRY TVUALY]
N— o c— (enEnan ._,T.“_ Erera f1a)
L ESEEaE VIO
TVIIY T usssow [1a) ALy
HOTHALKY HOXVHH — —
IVRHALXYY  HVIAAVID
—— —
"(sssow o[a)  +(dssau-fa)
TVIIY HOV U
IVHOLIES HODNALSO]
Iy dvns- |
e

(preean [a)
H VU
HVHOT

(sgaw "a)
IVOLIY

(mEan a)
UVTAITAVTD

VHAN] TVHOLYAL-AT]g ATAAT]
b e d —_———
“(sone “at) (Eaw "ar)
TVITAY TVHOLIIT
TVHOLIAA-CIIY =g

aua: va)
AVHOLIEL
HALO

"lapimee fa

(peree fa) (o -f1a)  IvsHTLIs

e L) WA O] TV RHALS =(11
IVHOLIHA ~HALET IR OXI ol I et g 1
HAXK] dHH(] [{AXIISA  -94d HALAOD
N — — {

(e T} c(proee <f1a)
IVEIDIVIN IVNUALSVIV.I
IVILEOZIHOL]
ey
“(1mee fa)
VIO

IVINOZTHOF
" i a
A} c(oswga)
IVHOLIAI IVSMALS
IVIXO® VUV
=THMOTL TYIIdY
- — —

(= cAT)
TVEOLIAI-OXTALE AVIOLIAT-ONHALE

TVELEOETIOE]

TVHOLYAd-GNUT LY

i

WALE "TVHOLIM,]

L

('T arqey @ag) (2
malg [eauly Loy

‘SOHONOYE TVIIAV-IHOLOEd 0 UVHOT

H3ddn LHDIA



IH'i"lﬂ';Ll
distriba-
Licn,

Middle
peetoral
(¥, mena).
Uuler
peetoral
(V. e ),

Middlea
]H'!‘t'l.l'l'.ill

I \'j, acann,
Deseending
interioba
i'l.'j, aeanid | 8
Middle pec-
toval (vij.
FICHHHHEN
,-\.:-1'_;.-:’, -
toral { vj.
LR B RN
Outer pec-
toral |_\'j,
e ),
“l'h‘l'l_'“ll_.
i inter-
lohar (vj,
cened ),

‘““__\

#il LT |:-|-'|'.
tornl { vij,
HESH CLILILH W

{ Ascending
outer pec-
toral | vij,
BEALES ),
Harizontal
toer i ral

(viij.

'E HUSLEHTELTE
[heseer, gop.
minal { viij,
aoageed ),

I"ectoral
alern
(1i). aa),
Inner or
Elernn=
e Bl
{1v. mad ).
Lhigley
Il-'-:'l:llr.'||
{1V, ana).
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the outer thivd of the same being furnished with air by the anterior axillary-
apical bronchus.

After the origin of the apical division the mid-pectoral ceases to rizse and
ig less outwards inclined. At first horizontal it assumes a slightly downward
tendency which is continued in its branches and restores them to the original
level of the pectoral stem. The bifurcation into the middic pectoral and the
outer peetoral bronchus oceurs 8 mm. in front of the previous bifurcation. The
direction of the outer pectoral is chiefly and almost strictly external, that of
the middle pectoral mainly anterior, and the two tubes diverge in a horizontal
plane (slightly descending). From each arises, close to the bifurcation, a
descending deep pectoral interlobar bronchus, directed towards the central
root-gpace, and forming its anterior upper boundary. (See diagram, fig. g;
see also fig. 10, line B, between squares A iv and B iv.)

The Middle Pectoral Bronchus, advancing almost straight, with
very slight ontward inclination is of short length. In addition to the Inter-
lobar Branch, it supplies a small Ascending Pectoral Branch for
the lung-tissue situated slightly higher, Iis terminal bifurcation takes
place at the anterior pectoral surface into an aseending and a descending
branch.

The Outer Pectoral Bronchus has a longer course, almost strietly
ontwards. Iis branches bear a eclose analogy to those of the preceding
bronchus.  The Interlobar Branch is an exact repetition of the interlobar
from the middle pectoral, and is situated a little external and posterior to it.
But the Ascending Outer Pectoral is not vertical, but inclined very
obliquely upwards and outwards.  And the two terminal branches are re-
spectively horvizontal and descending and arve directed slightly backwards,
approaching at their extremity the slightly superior and posterior distribution

of the superior axillary trunk.

LEFT PECTORAL DISTRIBUTION.
(For the study of this distribution consult fig. 10; column E, and eolumns v and vj.)

The Left Pectoral Stem, equal in thickness to the apical, has alength
of 1'2 or 2°2 cm.. according as it is measured along its upper or along its
lower border, and a directly forward course.  Its two horizontal divisions, the
twaer, or .-ch'.l'mu-‘rn'r-.f.::.f'uf, and the ouler :rii!'t'-!'il'.i"ﬁ!'-!r, both possess  at first an
anterior direction. The inner or sterno-pectoral immediately turns inwards
towards the pericardinum. The onter pectoral breaks np before taking any
departure from the sagittal divection ; but its outer branch shows a rectangular

outward bend, analogous to that seen in the sterno-pectoral bronchus,
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DEAWING FROM A METALLIC CAST oF THE BRoxcHI. FRONT VIEW ; FROM THE LEFT.

The soft parts and the bronchial membrane have been dissected away, except the trachea, the origin of the great
vessels, and the pericardinm, which are shown in sifa.

EXPLANATIONS OF THE DRAWING.

1. CENTRAL PARTS,

Above line iij, between this and the trachea: the divided orifices of the great arterics, and {at line DY of the vena azygos
(raised), ) ' )

Above line iv, below the V. azygos: the termination of the superior V. cava, dividing into right and left innominate veins.

Between line C and the V. cava :—the divided branches of the right superior pulmonary vein, and close behind this, within
square B v the inferior division of the right pulmonary artery,

2. TuGur Broxcuial TREE,
Licur Urrek LOBE: )

In square C iv, behind the right innominate V.:—the three apex-bronchi diverge, the pectoral stem horizontally for-
wards, its branches ocenpying a front plane,—the ascending-apical stem, upwards,—and the axillary stem, shown in
weak ountline, outwards,

Line C passes between the anterior and the posterior ascending-apical,* and the tracheal-apical bronchi. The superficial
anterior-apical forms an angle, near the intersection B j with the external anterior-apical, from the mid-pectoral.

Square B iv contains the pectoral trunk dividing into its branches,

liGur MinpLe AND LowER LOBES:
In square B vj, behind the pulmonary vein, the cardiac stem gives rise to the mammary-cavdiae, the sterno-cardiac and
the posterior mammary.canline trunks,
Equare B viij shows, in profile, the parallel-sternal branches, and between these and the pericardium two descending retro-
cardiac branches in shaded outling,

3. LEFT BRONXCHIAL TREE.
LeFT UrPER LOBE :

Square I vj contains the cardiac trunk (from the bronchus impar, which is not in view). The shaded trunk is the posterior-
horizontal, Lower down the cardiae branches are seen in profile in column F.

In square I v the pectoral stem divides horizontally, along line v, into its conspicuons sterno-pectoral, and into the
mid-pectoral divisions. The ascending mid-pectoral is cut short. The axillary-apical =tem, partly disguised by the
latter, bifureates into the ascending-apical and the axillary trunk ; and this again into the axillary and the posterior.
axillary, thus imitating a trifureation.

Into square H iij rises the axillary-apical.—Square G iij shows outer mid-apical branches above, onter ascending-apica
branches below, and between the latter a twig from the onter posterior-apieal.

Along line G the inner mid-apical bronchus rises into sqnare F ij, concealing the inner posterior-apical branches.

In square B iv a letter H is imitated by branches of the apical sterno-clavicular, behind which are aortic branches of the
posterior ascending-apical.

Lerr Lower LoRg:
Line G, below the posterior-horizontal (shaded), coineides with the interlobar fissure.

In square G vij the anterior-basic trunk bifurcates into the more vertical eardio-basic, and the widely branching mammary
trunk.

In square G ¥iij a shaded retro-cardiac branch is seen.
(The other basic distributions are better displayed in fiz. 11.)

® The right posterlor ascending-apieal bronehus will be seen if the two posterior branches terminating in square C j be
followed downwards.  Its external outlive is bidden by the bronchus anterior to it.
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Distvriliabion r_rf' i ,Itff._f Fheler Peetoral Trinl:

The Outer Pectoral Trunk, immediately before dividing, vields an
upward branch, the Ascending Mid-pectoral Bronchus which, after
bending horizontally forwards, again assumes a rising tendency. This is the
only derivative from the left pectoral stem which rises above the boundary of
the broad horizontal dnfra-apical inter-browchial sulews. It may serve as a
landmark dividing this space into an inner and an outer half.  The ascending
mid-pectoral distributes three small deep intra-pulmonary branches, and ends
with an upward and a downward fork.

The bifurcation of the outer pectoral wives rise to the wid-pectoval and to
the horizontal outer pectoral trunl.  Both move outwards ultimately, but this
movement is preceded, in the case of the Mid-pectoral Bronchus. by an
initial forward conrse of
this point its inner division continues the forward direction, whilst the onter
division carries out the ontward bend just begun by the common tronk.

Immediately, or soon after its origin, the mid-pectoral bronchus sends a
Descending Central Bronchus into the centeal vonf-space,  This bronelins
faces from above the cardiac trunk. The other branch of hifurcation is the
Superficial Mid-pectoral which divides at the surface into an upper and
a lower forking branch supplvine the outer portion of the mid-pectoral
recgion. The latter, or Inferior Outer Interlobar Pectoral possesses
slight inclination downwards as well as a main outward tendeney, which is
soon interrupted by the pulmonary fissure. It acrates the interlobar sub-
plenral tissue near the anterior surface, at the level of the third interspace
between the ribs,

The Horizontal Quter Pectoral is sufficiently localized by its name.
It is mainly concerned with the anterior surface, but its carly branch, the stout
Posterior Mid-pectoral Interlobar, proceeds horizontally backwards to
the interlobar surface, where it faces with its T-shaped bifurcation the posterior
horizontal distribution,
Upper Outer Interlobar Pectoral supplying the interlobar fissue close
to the oufer fringe of the upper lobe and the Middle Interlobar Outer
Pectoral, similarly distributed at a slightly lower level. The inferior
interlobar outer pectoral, derived from the mid-pectoral has already been
described.  These three bronchi and their lobules form the outer edge of the
upper lobe in the pectoral zone.

The horizontal onter lu'{‘lm‘::[ divides into the

Distribution of the Left Stevao-pectoral Trunk.

The Sterno-pectoral Stem, like a semi-flexed left elbow, bends hori-
gontally inwards, so as almost to reach the pericardial surface. Its straight
horizontal portion is continved forwards as Inner Mid-pectoral, a short

2 em. which terminates with its bifureation ; at a,
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stem with very open bifurcations. From this arise an ascending branch of
small size, and a longer, almost vertical, descending branch. DBoth being
superficial, are freely provided with ramifications.

Beyond the angle (of 90°) which it forms with its previous direction, the
second portion of the sterno-pectoral stem pursues its inward course for
a distance of 17 em., and gives an Anterior Bronchus of the Root to
the internal or mesial surface just opposite the termination of the left main
bronchus.  In this situation the upper division of the pulmonary vein, en-
closed between the main bronchus behind, and the elbow of the sterno-
pectoral stem in front, rises into the horizontal inter-bronchial space which
exists between the apical and the pectoral zone, and which I have termed the
infra-apical suleus. The ascending branch from the anterior bronchus of the
root at this level is among the structures which lie in front of the vein.

The final bifurcation of the sterno.pectoral gives origin to the horizontal
sternad and to the descending sternal.  Both trunks soon bend forwards at
right angles with their previons directions and each of them, just before the
bend, bestows a branch upon the neighbouring pericardial surface of the lung.

The Horizontal Sternal bifurcates into a small Upper Parasternal
which lies to the right of the inner mid-pectoral bronchus between this and
the sternal distribution, and into a continuation of the trunk, This ultimately
breaks up into an Upper, almost horizontal, and a Lower, almost vertical
Marginal Bronchus.

From the Descending Sternal arises likewise a Lower Parasternal
which extends nearly to the lower boundary of the sternal distribution, and
bears several branchlets.

After some undulations, such as are common among the bronehi of the in-
jected left lung, the descending sternal yields a Lateral Marginal Branch,
and it terminates with a marginal bifurcation at the lower projection of the
sternal fringe,

All the branches which have been deseribed may be traced with tolerable
ease in fig. 10 in the vertical columns D and E,
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THE CARDIAC REGION.

BRONCHIAL SUPPLY TO THE RIGHT CARDIAC DISTRICT, OR
RIGHT MIDDLE LOBE,

GENERAL REMARKS CONCERNING THE MippLe Lopge.

General Shape and Relations.—Whereas the nght upper lobe s
situated, for the greater part, externally to the axis of the dnfermediate
bronchus, the middle lobe is, at a lower level, in a large measure internal to
the same axis continned.

Viewed from the front the general outline of this lobe is triangular,  The
sternal and basic borders ave gently curved, but the upper and outer boun-
daries are rectilinear, and they converge towards a point situated in the
axillary region. The inner and lower margins are thin, the upper and outer
possess considerable thickness.

The anterior surface may be regarded as the base of a very shallow
irregular pyramid, of which the apex would be formed by the attachment of
the middle lobe to the pulmonary root.

The upper surface, forming part of the short, or transverse, fissure is of
less extent than the inferior and outer surface, which forms one of the houn-
daries of the lower half of the great oblique fissure, and is in contact with the
lower lobe,  The inner or mesial surface is analogous to the inner surface of
the pectoral district.

In cases of normal development all these surfaces are lined by plenral
membrane. Lt follows that, on all sides, the middle lobe is isolated from the
remainder of the lung, excepting at its attachment to the root.  The pedicle
formed in this situation is tolerably broad and thick and surrounded by a
rather loose fold of pleura. It contains the cardiac bronchus and blood-
vessels and some glands, embedded in areolar tissue,

Bronchial Supply.—The middle lobe is entively airated throngh the
branches of the cardiac stem. The apparvent trifureation of the latter stem at
the upper and posterior part of the lobe is rveally a bifurcation into an outer
o :.'H.lur'.lﬁa-fnf mu.-.-.lr.-.lm'y-c'rrr'effrn: trunk, and an inner, very slmrt, nhhnu;_rh
stout, stem, the steirno.-eaidine. which irunu-flialta-ly divides into an anterior,
inner, sterno-cardine and an outer, posterior, deep mansnary=cardiae tronk.
The supply of the lobe is divided between these three trunks,
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The Outer Corner is served by the mammary-cardiac. A vertical
line, drawn through the anterior surface, roughly divides the Sternal
or Inner Half, supplied by the sterno.cardiac, from the Outer Half,
which receives its supply from the deep mammary-cardiac. The latter, by
its inner posterior cardiac branch, encroaches posteriorly beyond the imaginary
middle-line and extends downwards to the uxln-mir;.- of the inferior fringq,
which is not reached by the sterno-cardiac bronehi,

The Inner Border is parallel with the sternum, and the inner surface is
in contact with the pericardium, These anatomical relations are turned to
account in our nomenclature, The presence of the nipple not far from the
upper outer boundary of the lobe is also a useful landmark.

Tue Ricnt CaArpiac BroxcHiaL, DISTRIEUTION.

{This distribution is seen, in distant foreshortening, in columns A and B of fig. 10, being in-
cluded between the horizontal lines v and ix. It is more ¢learly displayed in the diagram,

fig. 9.)

The Cardiac or Middle Lobar Stem originates 2'8 em. below the
lower angle of origin of the upper lobar bronchus. Although undoubtedly
ventral, it does not arise absolutely from the anterior surface of the bronchus
intermedius. It is slightly internal as well as anterior. This circumstance
assists in the production of the mesial position of the ecardiac lobe in relation
to the lower bronchial stem.  But to the same result the inward curve of the
sterno-cardiac and of the deep mammary trunks contributes yet more largely.

For a distance of 2 cm. the cardiac stem remains parallel to, and in
posterior contact with, the descending bronchial stem. The lower, horizontal,
division of the right pulmonary artery lies here across the anterior aspect of
both these tubes, on its way to the various bronchial districts. The artery
itself is situated behind the obliquely ascending upper pulmonary vein.
Perhaps in consequence of these relations, the lower bronchial stem swerves
faintly backwards at this level, whilst the cardiac stem presents a slight
anterior concavity.

The bifurcation into the forward tending mammary-cardicc and the
Rudimentary Inner-cardiac Stem occurs immediately after the bend
taken forwards by the cardiac stem, The inner-cardiac stem divides at once
into a horizontal inward branch, the sferno-cardine, and into the more
posterior branch, descending obliquely forwards and slightly inwards, the
posterior mammary-cardiac.

Distribution of the Right Mammary-cardiae Trunk.

The Mammary-cardiac Trunk, in its unbranched portion, has a
length of 1+5 em, and deseribes, in a horizontal forward direction, the same
curve as the upper half of an elongated letter S; the second half of the curve
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is imperfectly, and with varying eurvature, carried out by each of its two
branches,

The inner or Superficial Mammary-cardiac Division preserves o
main direction forwards, and, after distributing branchlets to the surrounding
tissue, divides into two branches which bend downwards, near the anterior
pulmonary surface, as Inner and Outer Terminal bronehi. and sapply
the upper part of the outer half of the lobe.

The Outer Mammary-cardiac Bronchus completes the letter S

with a long bold anterior curve extending to the axillary angle of the middle

lobe.  During this course small branches ave given to the periphery. A
bifareation of this trunk takes place close to its orvigin, setting free the

aseending interlobar, which helps to supply the upper septal surface of the
middle lobe,

The Ascending Interlobar branch is analogous in position to fwo
other interlobar bronehi between which it lies intermediate, the
ascending interlobar from the sterno-cardiac, and the ascending interlobar
from the posterior-horizontal.  All three nise to the
horizontal distance from the bronchial stem behind the same
(22 em.). They thus form the anterior Central
Root-space defined above by the descending interlobars from the axillary
and from the sterno-pectoral, and behind by the ascending mid-dorsal distri-
bution from the posterior-horizontal.  The space in (uestion and the broneln
just enumerated are seen in fig. 10 and fig. 11, when inspected side by side.
Diagrammatically, they are also shown in fig. 9.

]|:m]:-]:r,
same level—and their
almost
outer boundary of a
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Distribution of the Right Stevno-cavdiae Truak,

At the end of its horizontal inward course, the Sterno-cardiac
Trunk furnishes a similar Ascending Interlobar Bronchus; and,
bending downwards at a right angle, it breaks up into its anterior,
.'-.‘-I'L_:Hr'."'_.ﬂ“l"!'n'-‘r sterno-cardice, and into its posterior Ifr!:‘rrsfr'.l'n!m" dlirisio,

By its first bifurcation the Superficial Sterno-cardiac gives rise to
the anferior parasternal.  This bronchus distributes small branches to the
upper part of the parasternal surface of the cardiac lobe,

A subsequent bifurcation marks the origin of the Anterior Peri-
cardial, a very short trunk, with vertically diverging arms, for the supply
of the upper third of the sternal margin and internal surface of the middle
lobe,

Descending slightly inwards, the
into the Marginal Sterno-cardiac (which bifurcates into the first aud
seeond Parallel-sternal Cardiacs), and into the Third Parallel-sternal
Cardiac.

These parallel air-tubes form a symmetrical row extending outwards
from the sternal margin, They do not reach to the lower extremity of the

or

continuation of the sterno-cardiac divides ¢
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TABLE III— LEFT CARDIAC DISTRIBUTION.
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lobe, but correspond, in the non-diszected lung, to a bulging usually seen at
the lower part of the inner pulmonary border, and terminating a little way
above the lower anterior angle. The parallel bronchi are readily seen in the
diagram (fig. 9). They are also seen, in profile, in squares B vij and B viij
of fig. 10.

A fourth or ontermost parallel-sternal bronchus is supplied by the
Posterior Parasternal. This trunk divides into a Deep Posterior
Parasternal branch and into the fourth parallel-sternal. The Fourth
Parallel-sternal. in its downward course, furnishes the posterior surface
with a posterior superficial branch,

Distribution of the Right Posteiior Mammary-cardiac Trunk.

The Posterior Mammary-cardiac Trunk is of short length
(1°2 em.), and descends obliquely forwards and slightly inwards, Lying
behind the sterno-cardiac, it almost subtends the right angle described by
the latter. It divides into the iuner posterior cardiae and the deseending
TR L .i"l{ll'--"r-f.r‘ur!.f-!'-f'.

The Inner Posterior Cardiac. a long and vertical bronchus, occupies
the posterior plane of the lobar distribution, and almost bisects it into
two lateral halves. It corresponds to the interval left between the more
anteriorly placed descending mammary-cardiac and the superficial parasternal ;
and it is parallel, in a slightly posterior plane, and external, to the fourth
sternal-parallel bronchus. Its terminal bifurcation oceurs a little above the
lower end of the ** parallel ” distribution ; and its two terminal branches, the
inner and outer lobular, undertake, unassisted, the supply of the lower angle,
or lobule, and of the lower margin of the middle lobe, In squares A ix, Bix
of fig. 10, line B separates the two small tubes,

The only branch of bifurcation from the inner posterior cardiae, viz.,
the Outer Posterior Cardiac, is given up high, and does not extend
beyond the middle thivd of the lobe. It delivers backwards a small interlobar
branch.

The Inner and Outer Lobular branches do not require any special
deseription.

The Descending Mammary-cardiac Trunk assnmes a downward,
forward, and slightly outward course.

Its first branch, the External Interlobar, given backwards and
outwards to the interlobar surface, presents the usnal T -shape bifurcation.

After a course of 1°2 em., the trunk bifurcates into the Upper External
Marginal, which distributes small branches to the outer margin and to the
outer anterior surface of the cardiac lobe in its upper part; and into the
Inferior External Marginal, or continuation of the descending mam-
mary-cardiac, which supplies the outer external margin and the inferior

%



THE BRONCHI AND PULMONARY BLOOD-YESSELS. 125

external margin, and gives branchlets to the lower surface of the cardiac lobe
in its external half.

Both bronehi are. in their fiest porticn, covered by the superficial mammary-
cardiac distribution : and in a similar manner, the branches of the upper
external mareinal are imbricated over the longer branches of the inferior
external marginal. The deseending branches of the latter bronchus, although
not parallel, ave arranged in lateral order.—somewhat resembling, in their
mutual relations, the row of parallel-sternal bronehi deseribed above,

BRONCHIAL SUPPLY TO THE LEFT CARDIAC DISTRICT,
(GENERAL SURVEY oF THE Lerr Carpiac Districr.

Shape and Disposition.—The anterior surface of the cardiae distri-
bution has an elongated triangular shape with almost horizontal base
upwards. The inner, or pericardial, and the outer, or interlobar, surfaces slope
backwards, Ir we could imagine this district disconnected at its upper part
from the upper lobe, the free surface thus formed would be horizontal and
the whole might Dbe roughly compared to an inverted pyramid. This
resemblance 13 more obvious in the metallic cast than in the fresh lung ; for,
although no interruption of surface defines, in the lung, the boundary
between cardiae and pectoral distributions, a wide horizontal gap exists in the
depth between the origin of the pectoral and the origin of the cardiae stem,
analogous to the equally important gap situated below the apex and just
above the horizontal range of the pectoral ramifications. = The upper level
of the cardiac region is the same in both lungs; but, externally and above,
the left distribution does not extend as far as the right ; and in its lower,
pointed part it does nob possess the same breadth as the right middle lohe,

General Plan of Bronchial Supply.—If a vertical =agittal plane be
imagined, passing through the Iu-ngi'iu of the left upper lobe, in thiz plane
would lie the anterior and the posterior cardiac bronchus, the cardiac stem,
and the ascending as well as the horizontal division of the pectori-apical
bronchus.  The general direction of the cardiac stem may be expressed by
the words “ downwards and forwards ;™ but its course cannot he ficured by a
straight line ; for it possesses considerable curvature.  The ordinary curved
printer’s bracket ronghly represents the aperture of the great bhifurcation of
the left upper lobar bronchus. The bracket must be imagined to have its
centre at the angle of biturcation of the bronchus impar, and to face, or open
forwards.  One of the limbs would be constituted by the ascending pectori-
apical stem, and by its continuation the rlxi]|:u‘:.'-:tl}i|_'rll stem ; the cardiac
stem would eorvespond, in general outline, to the lower limb of the bracket.

The Cardiac Stem, projecting forwards from the termination of the
short bronchus impar, immediately bends downwards, and very slightly out-
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wards (see diagram, fig. 9). During iis descent, it bifurcates into the anteirior
and the posterior cardiee.  Whilst the anterior cardiac assumes a horizontal
direction forwards, its terminal branches become at first vertical ; and sub-
sequently they slant, in undulating fashion, forwards and downwards. The
continuation of the cardiac stem as posterior-cardiae, taking a second bend,
passes from the vertical into the oblique direction and thus becomes parallel
with the anterior-cardiac divisions. At the same time its ontward tendency is
modified into a slightly internal one ; and the extremity of the cardiac lobule
receives its termination. It remains, thronghout its course, posterior to the
branches which it delivers.

Distvibution of the Left Anterivr-cavdiae Trual and of its Branches.

(For this distribution and the following,
o, E,

consult diagram (fig. 9); also, in fig. 10, the columns
F, G, between lines iv and x.)

Arising from the cardiac stem, 2°3 em. from the origin of the latter,
the Anterior-cardiac Trunk bifurcates, after a eourse of 1°3 em., into
an inner or steraal, and an outer or mammary division,

The Mammary-cardiac, the smaller and shorter division, is almost
horvizontal in its distribution, and supplies the anterior external part of the
base of the pyramid which has its apex at the cardiac lobule, By means of
the Interlobar Branch which arises upwards and outwards from its first
portion it also supplies the external face of the cardiac district. It bifur-
cates into a descending menmnery-cavdine and a horizontal mammary-cardiae

(vj. dacac) Dyponchus.
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The Horizontal Mammary-cardiac Bronchus assumes greater
lateral extension than other branches of this distribution, and is devoted to
the anterior surface of the outer corner of the cardiac district, to which
it supplies an Inner and an Quter Superficial Mammary-cardiac
Bronchus.

The Descending Mammary-cardiac, slanting forwards, at first
behind  the horizontal branch, divides into an Outer and an Inner
Descending Mammary-cardiac which supply the outer half of the
middle third of the cardiac district.

The Sterno-cardiac, a larger trunk than its twin-tube, undertakes
the supply of the sternal half of the district in its upper two thirds. By a
bend analogous to that of the mammary eardiac it alters its original forwards
and outwards direction into one forwards downwards and inwards; and its
two main divisions, long parallel air-tubes, ultimately become vertical. From
both divisions several short branches are distributed on both sides.

The Inner Sterno-cardiac approaches the surface, and before bending
downwards it gives an important outward rising T -shaped bronchus, the
Anterior Pericardial, sufficiently described by its name,
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Having reached the surface, the termination of the frunk divides into a
Superﬁ.eial and a DEEI] Marginal Bra.nch, Ioth of which end above the

lower third of the ¢
The Outer Sterno-cardiac divides
into a superficial and a deep branch,

at the sternal fringe.
,at the same level as the preceding,
r,I_hq,Ll position justifies their name of

rardiac distriet,

Descending Cardiac Parasternals; their distribution is parallel and
external to that of the marginal branches.

Distvibution of the Left Postevior-cardiae Trunl and of its Dranelies.

The Posterior-cardiac is a slightly larger trank than the anterior

cardiac; it

forms the direct continnation of the eardine stem. At first

possessing some ontward tendency, it subsequently moves forwards down-
wards and inwards, and for a length of 3 to 3°5 cm. carries no branches,
Small bronchi arve distributed by it to the posterior part of the cardiac

district,

n

its middle third. But the two divisions arising from its

main bifurcation are destined. as their name indicates, for the supply of the
cardiac lobule,

A few

millimetres above this bifurcation an important branch, the

Posterior Periecardial, is given inwards, for the internal sub-plenral iljﬁ_

trict facing the pericardinm.
of which alzo terminates with a T -shaped bifurcation.

This is a T -shaped bronchus, each of the arms
By its posterior extre- !

mity this small distribution is in relation with the inferior pulmonary vein,
and no great interval separates it from the upper extremity of the iuﬁ-riul
pericardial, a branch from the retro-cardiac trunk.

Of the two lobular branches, the Anterior Cardiac Lobular becomes
superficial at the lower third of the cardiac district and supplies part of its

anterior surface.

It provides an Interlobar branch ontwards, for the septal

surface, and several small lateral branches ; and it splits up into an Outer
Anterior Lobular and an Inner Anterior Lobular.

The Posterior Cardiac Lobular likewise supplies a T -shaped In-
terlobar branch, which faces the cardio-basic trunk beyond the septum, and

soveral short lateral branches
branches for the thin posterior edge of the lobular district.

It also furnishes two good-sized posterior !
It terminates in

an Anterior and a Posterior Deep Lobular Division.
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THE POSTERIOR-HORIZONTAL REGION.
PRELIMINARY REMARES.

ArtnovGH not constituting in either lung a separate lobe, this distribution
presents well-marked individuality. The following features will be easily
recogmized in the bronchial cast, or in dissections of the bronchial tree,

(1) The posterior-horizontal distribution is more conspicuous for lateral
expansion than for depth. The terms * wedge ” and “ pyramid " which are
sunitable terms of comparison for the description of most dichotomous
systems, are not here applicable owing to the relative width and thinness
of the pulmonary slice under consideration,

(2) The posterior-horizontal bronchi are singular among bronchi in being
parallel to the free pulmonary surface which they supply, instead of
approaching it either perpendicularly or at a high gradient.

(3) These are also the only large trunks which originate horizontally,
The right upper lobar bronchus does indeed become horizontal during its
short course, but it is not horizontal at its origin. Again, the posterior-
horizontal forms a right angle with the descending bronchial stem, and this
right augle ocenrs within the sagittal plane, which is perpendicular to the
tracheo-bronchial plane. (Be it stated at once, however, that the origin of
the right posterior-horizontal is not purely dorsal, but partly lateral.)

(4) The posterior-horizontal i1s the shortest among the primary trunks:
some of its branches are therefore brought into unusual proximity to the
lower bronchial stem.

(5) The apparent tripartite division of the left posterior-horizontal will be
shown to be really a modified bifarcation, by contrasting with it the genuine
bifurcation of the right posterior-horizontal.

(6) In other respects also the right and the left bronchial distribution fall
short of absolute symmetry.  Owing to the proximity of the pulmonary artery
the symmetry of these two districts suffers as much as that of the two upper
lobes from the unequal behaviour of the right and left divisions of that
vessel.

(7) As a consequence of the ** high ™ passage of the left pulmonary artery
and of the vertical direction assumed by the left axillary-apical bronchus in
connection with this high passage, the left posterior-horizontal distriet escapes
being encroached upon, and preserves an evenness of development in its sub-
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divisions, which distinguishes it alike from the right distribution and from all
other bronchial distriets.

(8) On the contrary the * inferior”™ passage of the right pulmonary :i;!ﬂlr".iiri.ﬁ::i.rm
artery, and the horizontal position of the right axillary trunk bring about the wweven.
fu’l]m.x'iug departures from symmetry :

(i.) The right posterior-horizontal trunk is absolutely lower, and in Kichi

i . a H . ' i : broncling
addition has a faint downward bias instead of the npward bias noticed on the juwer and
left side ; il imed
? =3 dlowi-
(i).) The upper part of the distribution is stunted, and the symmetry of “'";’-'-*-
N Crther frre-
branching lost ; sularitics,

(ij.) The mid-axillary trunk and distribution are deflected slightly
downwards ;

(iv.) The right ascending and descending mid-dorsal branches, instead of
being oblique and far-reaching, as in the left lung, are vertical and com-
paratively short.

THE RIGHT POSTERIOR-HORIZONTAL DISTRIBUTION.

This distribution may readily be studied in the diperam (e g) and in fiz. 11,
- - = t-1 ‘] =

General Observations.—The first large air-tube which is supplied Ovigin of
to the lower lobe is the posterior-horizontal stem. It arises slightly below I S
the level of the cardiac stem, from the posterior (and slightly lateral) aspect [ the o
of the inferior lobar bronchus. The latter name becomes applicable to and bron.
the continuation of the bronchus intermedius from the level of the cardiae jegine
stem  downwards, But no H]lpw_-fi.'_ﬂ_ll[: vertical interval exists between
the right cardiac and the right posterior-horizontal bronchial origins; and
the right inferior lobar bronchus does not therefore, practically speaking.
begin above the level of the posterior-horizontal, as in the left lung,  For a I'}']]"."-' &
short distance above the level in ¢uestion the intermediate bronchial stem, as '1;?1.‘.'.}'.'.'.'. i
stated elsewhere (see p. 76), and as may be gathered from the diagram '[I;I’I'.i,["”'"
(fig. 9) and from fig. 11, &c, 1s surrounded posteriorly by the pulmonary IL'I:L'_*:L'““"F
tissue of the inferior lobe ; but its anterior surface is not buried within the
latter, nor in the pulmonary tissne of the middle lobe, but corresponds to the
bottom of the transverse fissure. This fact may be demonstrated by raising
the overhanging flap of the upper lobe.  For a distance of 3 cm. down- Iujerior
wards from the same level, the lower lobar bronchus bends very slightly DI S
backwards previous to breaking up into the basic branches,

The posterior-horizontal distribution corresponds in both lungs to the Sitwation
upper posterior and to the upper lateral part of the lower lobe.  In the right :','r"]t:],"""'
lung it forms an horizontal elongated zone bevelled anteriorly. The dorsal fistrict
part of this zone is supplied by the posterior-horizontal branch of the stem,
the remainder by its mid-axillary horizontal branch,
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The Posterior-horizontal Stem is remarkably short (only 0'6 cm.)
and stout, being almost equal in diameter to the cardiac stem. Its direction
is backwards and outwards. DBut this becomes converted, after bifurcation,
into the outward direction and gentle downward slope of the decp mid-axillary
Toiizontal trunk, which is destined for the middle third of the axillary region.

The rather smaller posterior-horizontal division, measuring only 6 mm. in
length, ariges straight backwards, with very slight upward tendency : it will
be described further down. Its horizontal and ascending branches occupy a
higher level than the branches from the mid-axillary horizontal : this circum-
stance gives rise to the downward and forward slope of the interlobar
surface,

Right Mid-ceillary Horvizontal Distribution.

The undivided portion of the Mid-axillary Horizontal trunk measures
1 em. in length. A slight eurvature modifies its direction to one outwards
and slightly downwards and forwards.  Remaining within the plane of the
previons bifurcation, it divides into the continunation of the same trunk, and
into a smaller but important bronchus, the Central or Horizontal Axillary
Interlobar. This bronchus advances straight forwards, almost vertically
beneath the descending axillary interlobar from the axillary trank, but at a
much lower level than that branch, and terminates in two small branches
fashioned to the respective surfaces of the upper and of the middle lobes, which
they are destined to face.

A little further the mid-axillary horizontal gives rise to a superior
(slichtly anterior) division which follows the original direction and into an in-
ferior (somewhat posterior) division. DBoth are distributed to the axillary
region.

The length of the Superior Mid-axillary bronchus is 1°5 em.  Its
divisions are—an upper posterior and a lower anterior branch, termed respec-
tively the superior snid-axillary and the Axillary Mammary. They are
distributed to the districts indicated by their names.

The length of the Inferior Mid-axillary is 17 em., and its direction
outwards and downwards. It supplies a small Central Descending Branch
to the space sitnated above the unbranched origin of the large basic bronehi ;
and it divides into the Lower Mid-axillary which is distributed below
the superior mid-axillary ; and into the Posterior-horizontal Axillary
branch which bifurcates |'|-|1|:‘.:_1h-1-f]:-.' and supplies the lower part of the middle
third of the posterior axillary region.

The general drift of the mid-axillary distribution is slightly downwards
and outwards. In the left lung this distribution rises much higher, not
being materially eurtailed by the great fissure, thanks to the almost vertical
slant of the latter; but it also remains more posterior than in the right
lung,
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THE BRONCHI AND PULMONARY BLOOD-VESSELS,

_L:'rllrl,rf.ri ,"_\"r.'fh'pl'ﬁ:'flnf Afid-clarsed Dhisteibuetion,

The two divisions from the superficial horizontal
each other, one being vertical, the other lorizental
these directions are also perpendicular upon the sagittal divection of the
parent trunk. They are bronght about means of the rectangular eurve
exhibited by each of the bronchi in question at its ovigin,  The horizoutal
sntel-clorsae! trunk distvibutes branches to the upper part of the mid-dorsal
district ; the verlical deseending wmid-dorsal, to the lower part.

The Horizontal Mid-dorsal Trunk, after a luief conrse of 6 mm..
gives off by bifureation the wewtical ascending wid-dorsal, for the supply of the
posterior upper fringe of the lower lobe
for 2:5 em., bifurcates into an apper and a fower branch which supply the
upper half of the middle third of the postervior axillary region (the lower
half being supplied by a posterior branch from the mid-axillary horizontal ).

The Vertical Ascending Mid-dorsal cives up, by hifurcating almost
immediately, a Mid-dorsal Interlobar Bronchus. A short distance
further down eris:s from the same trunk, upwards and ountwards, the i
Ascending Oblique Dorsal, which snpplies the onter part of the posterior-
upper fringe.  Finally the vertical ascending mid-dorsal divides into two ter-
minal lateral branches, provided with branchlets, for the respective supply of
the anterior and of the posterior aspecet of the thin pulmonary edge.

A similar daferlobar brancl also arvises from
bronchus prior to its final bifurcation.

The Vertical Descending Mid-dorsal does not exceed 6 mm.
length. It presents considerable analogy with the vertical ascending mid-dorsal. §
It bifurcates into a smell antevior branch, the Deep Descending Mid-
dorsal, which approaches the posterior aspect of the lower lobar bronchus,
and into the Superficial Descending Mid-dorsal, in continnation of the Y
original direction.  The latter divides into a small Mid-dorsal Vertebral
Marginal, of I shape, and info the Mid-dorsal Oblique. This branch
enrves downwards and outwards and bears small superficial branches at »
distance of 2-3 em.

are at right angles to
and transverse.  Both

h:’l.'

: and continuing horizontally ontwards

the horizontal mid-dorsal

helow the horvizontal midl-dorsal.

The dorsal part of the posterior-horizontal distribution is much more
restricted than in the lefi lung. It does not extend upwards as high as the
level of the upper lobar bronchus, and inferiorly it is eurtailed owing to the
powerful development of the lesser horizontal mid-dorsal. a branch which. in
the lefi lung, is of insignificant size,
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TABLE IV.—LEFT POSTERIOR-HORIZONTAL

DISTRIBUTION.
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34 THE BRONCHI AND PULMONARY BLOOD-VESSELS.

THE LEFT POSTERIOR-HORIZONTAL DISTRIBUTION.
(For a study of this distribution consult the diagram (fiz. 9) and fig. 11.)

(GEXERAL SURVEY 0OF THE DISTRICT.

Differenicea Viewed from behind, this distribution presents considerable symmetry.
between Tt consists of a horizontal portion which extends, with widening area, from
left. the parent stem near the vertebral border to the upper part of the second
;:‘I‘"F:]"':h third of the axillary and of the posterior axillary space; and of a dorsal

velopment. poition represented by two long oblique branches. These arise from the
same trunk as the horizontal bronchus, but from its posterior aspect, and
equally diverge from the latter. Their own total divergence slightly exceeds
Morizontal gg°, By their branches, which are remarkably symmetrical, the ascending
andoblique and descending mid-dorsal oblique bronchi form the vertebral border and

el adrate the posterior surface of the two middle fourths of the lung. In other

}::'i::_‘;"l‘i“l words they span posteriorly the upper Z of the lower lobe, and they extend
Ascending from the axillary line to the aortic border of the lung. The thin upper edge
:”Ll“'ilm of the lower lobe and more than the upper } of the same are exclusively
mid-dorsal - gsupplied by branches from this distribution. The latter gains in thickness

alligue : : - . : -
broncli,  from above downwards, as far as the anterior horizontal axillary branch. This

:ivl-'tli;'-'l--x- is the level of its maximum thickneszs, below which it wastes to a thin inferior
enk ol the a -
district,  edge, At this lower level the lateral branches from the basic trunks under-

Its varying take, more anteriorly, the chief share in the bronchial supply.
thickness,

Upper and
lower edge. THE BroxcHial SurrLy TO THE DISTRICT.
Piateiiai The left posterior-horizontal, a short and thick stem, possesses interesting

horizontal - anatomical rvelations.  Mesiafly it lies close to the vertebral border of the

hll'ltL{Ej._l [ . = - : = 4 =
Halia “:} lung and to the adjacent descending aorta; anferiorly it 1s in contact with
wilakions : R : 4 2 = A

to the pul- the descending trunk of the pulmonary artery which separates it from the

TEAry ' 1 " "
e g bronchus impar, or left upper lobar bronchus. The latter is sitnated more
lge and Jrar, Pl

fosuee to anteriorly and 0'g em. higher; whereas, in the right lung, the difference in
A It level between the corresponding two bronchi is 3725 cm.  From ebove 1t 1s
pPulmonary . . " * = r s
artery, &¢, approached by the almost vertical interlobar fissure, from which it is separated
by the descending pulmonary artery—and more internally by the end of the
arch of the left pulmonary artery where the latter breaks up into descending
mlmonary artery and into its apex-branches.
I & ]-

T'-'!'L:a , The thickness of the tube is considerable in proportion to its small length
HRELE Lo - . . . s . ]
horizoutal oOf only 8 mm.; but its diameter is abruptly bisected into an anterior and a

piabe)  posterior half.  The anterior half only is continued as a single tube as  deep
gy super- - posterior-horizontal trunk.”  The posterior half subdivides on the spot, and
cinl pos- : T 1 2 7 ; ; £ i
terior-hori- Without the intervention of an internodium, into the ascending and descending
zontal

Gij.pp).  vid-dorsal obligue bronehi,
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Gt

This is probably the most perfect instance of an apparent, but spurious

bronchial trifurcation to be found in the human lung.  The real nature of

the division is revealed by the following test.  When viewed exactly from
behind, the dividing tube does not present a continnous tripartite stellate
line of intersection, but two separate lines, mutually perpendicular. and
situated at separate levels.  Analogy also strongly points to the eonclusion
that this is merely a double bifurcation. In the right lung, the diverging
bronehi, which are vertical instead of obligue, arise, by bifureation, from a
definite stem capable of being measured. If from some cause, sav from a
more posterior position and greater length of the posterior-horizontal stem
analogous to what is seen in the left lung, the trunk in question had. on the
right side, become reduced to rudimentary proportions, the two bifurcations
which are in the right lung quite distinct, and separated by an internodium,
mighl:-_. in this lung also, have become contignous or even confluent.

f.-f‘.fll" {}j’,ll',‘?,,,- Midd=doysad Distvribulion.

Unlike the anteriorly placed deep posterior-horizontal, which divides.
after a branchless Conrse, into E.Ui’_‘l_:llll{l]':f trunlks l_r]l]luﬁilr the wide aperinre of
the angle formed by the diverzence of the oblique mid-dorsal trunks, the latter
distribute peripheral branches very early (within 2 or 3 em. from the
angles).  Viewed from behind, the cast of this svmmetrical angular distribu-
tion, filled in at the periphery by the later branching of the deep trunk.
closely resembles an expanded lady's fan, the fully extended sides ocenpying
the vertebral horder, and the knob-like handle being rvepresented by the
posterior-horizontal stem itself,

It results from the posterior position of their origin and from their slight
forward inclination that the oblique mid-dorsal tromks and divisions form
from behind an imbrication for other dorsal bronchi, especially for the move
anteriorly placed horizontal group, for the small inferior mid-dorsal horizon-
tal and for the early divisions of the posterior-basie stem.

The Ascending Oblique Mid-dorsal Trunk slants upwards in a
line which would probably, if continued, touch the acromion or the coracoid
process ; and under cover of the scapula it bifurcates into hranches which
supply the upper fringe of the lower lobe and terminate Lelow the lower
|Hr:-'~lt*1"lm' border of the ]:llitnun:irl}' I DR ]H'i"'.'il'}llr-lll.'_\'., however, at a distance
of 6 mm. from ifs origin, the trunk t-=11|111]i1‘.~=. an ffﬁrr'mfr'.uy aoitic broichus
which rises vertically along the aortic border of the lung.  The first part
of this tube is visible in fig. 11, but as in many other cases, the bronchus
has heen interrupted in the drawing in order to i'lia-:]ﬁa:r other structures. Witk
these exceptions the whole posterior-horizontal distribution is well shown in
fige. 11.

By means of anterior and of posterior branchlets the vertical Aseending
Aortic Trunk supplies the sub-pleural surface facing the fiest part of the
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descending aorta, and also comes into relation with the posterior aspect of
the arch and of the descending division of the left pulmonary artery. Lying
behind, and parallel to the ascending-apical stem, it forms the posterior
boundary of the broad quadrilateral inter-bronchial space which constitutes the
vertebral end of the interlobar space. A T -shaped Posterior Sub-pleural
branch is supplied backwards by the ascending aortie, close to its origin.

The continuation of the wascending obligue mid-dorsal bifurcates, 2 em.
beyond its origin, into the wpper and lower ascending sub-seapular broneli.

No departure from the original direction is made by the Upper
Oblique Sub-scapular which gives upwards and forwards an interlobar
branch (opposite the axillary interlobar) and bifurcates into marginal branches
which terminate just below the middle of the posterior surface of the
pulmonary apex, forming the fringe of the lower lobe in this sitnation.

The Lower Ascending Sub-scapular slopes rather less steeply
upwards and outwards and gives posteriorly three snccessive short sub-pleural
branches. 3

The Descending Oblique Mid-dorsal forms with its fellow-branch
an angle of 110°% It has an unbranched length of 1°2 em. only. Its hi-
furcation gives rise to the descending aortic bronchus which follows vertically
the inner border of the lung.

In close analogy with the ascending aortic, the Descending Aortic
viclds a T -shaped Sub-pleural Dorsal branch, and its continuation bi-
furcates just behind the origin of the lesser posterior-horizontal into two
small ferminal ronehi, evternal and infernal, which bear deep branches as
well as superficial dorsal ones.

The continuation of the descending oblique mid-dorsal supplies upwards
and outwards a small Horizontal Sub-pleural bronchus which distributes
sub-pleural branches to the district contained in the great angle, and a
descending obligue bronchus which supplies an anterior and a posterior branch
and ends with a terminal fork immediately behind the level of the dnferior
darsal horizenfal bronchus.

Left Mid-aaillary Horizontal Distribution,

Of the two divisions from the deep py:;-{r'n}ir-}mri:;mffzf sfeir, a short
tronk measuring 1°2 em. in length, the Superior Mid-axillary Hori-
zontal not only is the higher but also, slightly, the anterior, It bifurcates,
after a course of 8 mm., into a posterior and an anferior wpper mid-arillary
horizontal branch, which present very little divergence from the horizontal
direction, Each of these delivers, close to its origin, an interlobar branch
directed forwards.

The Posterior Upper Mid-axillary rises slightly ontwards, and
supplies to the posterior surfice two small branches. It is situated at a
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slightly higher level than its fellow-branch. The branches of its terminal
distribution are on a level with those of the outer pectoral bronchus, and
would dove-tail with the latter, but for the intervening fissure.

The anterior wpper wmid-aeillory, inferior to the preceding, and horizontal,
is on a level with the angle of origin of the pectoral and cardiac bronehi, and
reaches the surface at the mid-axillary line, or a little in advanee of this
line, opposite the interval between the outer pectoral distribution above,
and the onter mammary distribution below.

The Inferior Mid-axillary Trunk, which is, in divection, slightly
posterior, likewise divides into a posterior infevior wid-acvillary horizontel and
an anderior inferior mid-acillory horizontal,

The Posterior Inferior Mid-axillary Division is horizontal, and
after a course of 1°6 em., gives by bifurcation an Oblique Descending
Branch. It finally bifurcates, in company with, and a little above the
latter, at the mammary level, in the transverse posterior axillary vertical
plane.

Before finally bifurcating each of these tubes gives a Sub-pleural
Dorsal and a small Deep Dorsal Branch.

The Anterior Inferior Mid-axillary Horizontal assumes a down-

ward and forward direction @ it approaches the septal surface to which it dis- ;

tributes two Interlobar Branches. Its terminal branches reach the axil-
lary surface behind the mammary distribution.
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THE RETRO-CARDIAC DISTRICT.
PreLcivixary REMARKS,

Tue distvict included between the downward and ontward slope of the
three basic bronchi and the posterior part of the inner surface of the lung is
termed the retro-cardiac district and the bronchus supplying this district, the
retro-cardine stem.  In the right lung this district is more extensive than in
the left, and it includes the inner posterior corner of the base. In the left
lung it 1s limited to the region first mentioned.

The right |.~t|~::-L.L:|ﬂ1.1c stem was termed by Aeby the cardiac stem, a
name more appropriately reserved for the right middle lobar bronchus, and for
its left equivalent. Arising strictly from the inner surface of the lower lobar
bronchus, it could find no place in the classification of bronehi into ventral
and dorsal : it was therefore described by Aeby as an accessory bronchus.
This designation is misleading ;—it is fortunately nunecessary in the nomen-
clature here adopted.

The existence of a retro-cardiac stem in the left lung appears to have
been overlooked by Aeby. In this lung it is not a primary, but a tertiary
branch from the lower lobar bronchus, arising not above Ilm origin of the
anterior-basic stem as in the right lung, but from the eardio-basic branch of
this stem.

THE RIGHT RETRO-CARDIAC DISTRICT.

(In connection with the description which follows, the diagram (fig. o) and fig. 11 (columns G
and H, between horizontal lines v and vij) should be consnlted.)

The Retro-cardiac Stem is rather smaller in ealibre than the poste-
rior-horizontal. It runs a vertical course, with slight inward convexity, for a
distance of 1°5 em., and then bifurcates into #he anterior and the posterior
retro-cardine, It originates from the inner surface of the lower lobar bronchus,
mid-way between the origin of the posterior-horizontal and that of the inferior
posterior-horizontal.

The Anterior Retro-cardiac assumes a thoroughly downward and
ontward direction under the influence of the neighbourhood of the peri-
cardium,  After a course of 1°3 cm. it gives up inwards an important sub-
pieural branch of bifurcation, the Posterior Pericardial a T -shaped
bronchus extending its branches npwards and downwards in rectilinear order.
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The continuation of the anterior vetro-cardiae supplies a deep external
branch for the tissue of the lower lobe, and ends by bifureation for the supply
of the inner surface and of the underlying pulmonary tissue of the base,

The Posterior Retro-cardiac, whilst remaining in the original Posterior
sagittal plane, swerves backwards, with anterior concavity, so asto be slightly .rL,L'i'.',
lmc:ih-l'iu:l‘ to the pericardinm. (v. ddip).

It divides into an outer, deep ; and an inner sub-plenral branch,  The Tuuer, sub.
latter is analogous to, but smaller than, the postevior pericardial,—the outer !.f;:l;:.rll-lllill
branch, or continnation of the posterior pericardial, is distributed in o manney branch.

analogous to that of the anterior retro-cardiac bronchus,

LEFT RETRO-CARDIAC DISTRIBUTIION.

The Left Retro-cardiac Stem, not originating directly from the lower Retro-car-
lobar bronchns, would not be included in a nomeneclature confined to the JLL.ﬂtLI“;'
consideration of the primary bronchial branches.  In size however there is
little to choose between this bronchus and the right retro-cardiac, which is a
primary division ;—and the pulmonary district on the left side is but little
smaller than that on the right. We are therefore justified in undertaking
their deseription in this place.

The asceudauts from the bronchus in guestion ave (1) the eardio-basic
stem, (2) the anterior-basic or cardio-mammary basic stem and (3) the lower
bronchial stem.

lts desceidlants may be deseribed as follows : The Retro-pericardial neivo.car
arises inwards within a few millimetres of the origin of the stem. Its two r':’;,f:ril':'l )

branches, anterior and posterior, descend at an acute angle, It is not there. wierior
fore a T -shaped bronchus such as the postevior pericardial which is to be beticardixl
seen, in the metallic east, a little above it, or as the pervicardial branch from t-."nn.::mn
the descending aortic bronchus behind. At a distance of 1-5 cm. from its (¥ dadpi).
origin, the retro-cardiac stem subsequently divides into Superficial and

Deep Retro-cardiac Bronchi.

Both these air-tubes acquire considerable length. and. like their parent gyperiicial
trunic, present some undulation. The superficial trunk is also anteriorly Frimigpiny
placed. They each divide into an anterior and a posterior branch, dadpdi),

The anterior division from the superfivial retro-cardioe is long and extends Ir.'m!.i-.].l\’:_,'
to the anterior lower border of the lower lobe, to a point situated 2 em. %idd).

above the anterior-basic angle : the posterior branch is much shorter. Tn the If'.';',,',",::

case of the deep retro-cardiae the conditions are reversed. The posterior Auteriorsnd
branch is here the longer of the two, although it does not quite reach the il-.!.:'.::-tl';r_:m
vertebral border of the lung ; the inner or deep branch is shorter,

Both trunks supply short outward branches for the deep pulmonary tissue, aud itra.
and the superficial retro-cardiae also furnishes a small sub-pleural branch PGy
resembling the vetro-pericardial branch. A
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TABLE V.—LEFT RETRO-CARDIAC DISTRIBUTION.
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THE BASIC REGION.

REMARKS CONCERNING THE RIGHT AND THE LEFT
PULMONARY BASE.

The ‘ Pulmonary Base’ is an imaginary division of the lung, usually
described for clinical rather than for amatomical purposes, and not corre-
sponding to any outward line of separation, or to any perceptible land-
mark at the pulmonary surface. In spite of this absence of any delimitation,
we all agree in understanding by the term * base™ the broad lower extremity
of the lung, including its inferior third. On each side the * base ™ mainly
consists of part of the lower lobe, and, in speaking of the ** pulmonary base,”
most clinical observers probably have in their mind the * base of the lower
lobe ™ only,  Yet the lower horizontal third or even fourth of the lung com-
l}ri:-_:v:-: part of another lobe, the middle lobe in the rigilf, the upper lobe in
the left lung. These lobes reach as far as the anterior pulmenary basic edge,
which in varying proportions they help to form. The bronchial and the
vascular supply of these inferior segments of lobes which are mainly situated
higher up, have nothing in common with the bronchi and blood-vessels of
the base of the inferior lobes, and we may, at any rate for the present, leave
the higher lobes entirely aside.

Turning to the bronchial tree as shown in the metallic cast, and confining
our attention to the lower lobes, we discover both in the shape and in the
mode of the bronchial distribution some justification for the use of the term
base. The Shape of the brenchial distriet in question is analogous to that
of the lower part of the lower lobe itself, which is described in the introdue-
tory section as roughly resembling the lateral half of an inverted cone.

The Bronchial Supply to the lower horizontal third of the lower lobe
is mainly derived from the three large terminal trunks of the bronchial system.
These define the “ base ™ as o special region in the bronchial tree, with much
greater precision than this can be done from ordinary anatomical or clinical
considerations. I therefore submit that they can, with great propriety be
termed the three “ basic bronchi.,” I have distinguished them as the anterior-
basie, the axillary-basic, and the posterior-basic stems. To their number, as
eontributing to the basic supply, might also be added a fourth, the inferior,
or lesser posterior-horizontal bronchus.  The retro-cardiac distribution, which
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has alveady been deseribed, should also be mentioned as taking a share in the
aiiration of the base, althongh its origin which differs in the two lungs, is
only in the left lung truly basic. The relations of these several tubes, on the
right and on the lef side, are very clearly shown in the drawing (fig. 11)
representing the posterior aspect of the metallic bronchial cast,

(GEXERAL SURvEY OF THE BRONCHIAL SYSTEM OF THE RiGur Base.

Relative Situation of Aeby’s ¢ Bronchial Stem.’—The * bron-
chial stem™ described by Professor Aeby coinecides, in its lower part, with the
posterior-basic stem, and ends in one of the branches of the latter. Assuming
for & moment the correctness of Aeby's views, which 1 have ventured to
criticize in the III““#H]'I.II,'“H'}" section, and the existence of a * hronchial stem)
of which there seems to be insuflicient evidence in man, I would point out
that the ** bronchial stem ™ would, at no part of its length, become anterior
to the plane of the frachea; but would preserve to the last the outward and
downward slope which eventually carries its termination into a position
entirely posterior to the plane of the trachea. The same observation wonld
also apply to the left * bronehial stem,”

This difference in planes may be partly aseribed to the influence of the
thickness of the bodies of the vertebre which keeps the trachea well in front
of the posterior thoracic plane, partly to that of the concavity of the posterior
part of the thoracie cavity, which permits the lung to extend hackwanrds,

Relative Position of Basic Trunks.——'I'hus. at the base, the down-
ward continuation of the main bronchus is decidedly posterior to the tracheal
plane, and posterior also to the bulk of the lung. Indeed the only bronehi
which occur in the bronchial tree behind the posterior-basie, are the posterior-
horizontal, and the inferior or lesser posterior-horizontal ; and of these two
distributions the former does not belong to the base.

We are now enabled to determine the position of the basic bronchi and
their mutual relations.  These airv-tubes are at first ut't'::ngu:i 1 strict antero-
posterior order, and possessing the same inclination ontwards and downwards,
they form a broadening plane. slanting in the same divection as that of the
lower lobar stem. This may be seen at a glance, in fie. 1. A similar
arrangement will be described in the left lung. There however the inferior
posterior-horizontal is not in striet line with the other basic hronehi, neither
is it as large as in the right lung, owing to the greater size acquired in the
left lung by the posterior-horizontal distribution. In the right lung the order
in which these bronchi oceur, is, from before backwards :

(1} The anterior-basie stem

(2) The axillary-basic |

(3) The posterior-hasic .,

(4) The lesser posterior-horizontal stem,
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Of these the first and the last diverge by an equal quantity from the line
of the lower lobar stem, which, in the interval between them, bifurcates into
its terminal trunks, the axillary-basic and the posterior-basic. On close
inspection the anterior-basic is found to originate a little higher than the
lesser posterior-horizontal, and the bifurcation just mentioned takes place
about 1 ¢m. below the origin of the latter.

Mode of Distribution of the Basic Bronchi.—Considerable analogy
exists in the mode of distribution of the anterior-basic and of the axillary-
basic, the former distribution being more extensive than the latter. Their
branchings take place in two parallel, transverse, vertical planes, occupying
together the antervior, half of the base. The axillary-basic distribution is
limited to the lateral portion, whilst the other extends from the inner border
of the base to the anterior axillary line. The bronchial distriet belonging to
the posterior-basic will be deseribed later. It is larger than either of the two
preceding ones, and almost comprises the entire posterior half of the base,

(FENERAL SURVEY OF THE BRONCHIAL SYSTEM OF THE LEFT BASE,

Apparent Trifurcation of Lower Lobar Bronchus.—The exist-
ence of any definite bronchial stem is yet more difficult to imagine in the left
lower lobe than it is in the right; for the main bronchus appears here to
terminate barely 2 em. below the lower edge of the posterior-horizontal stem
in three almost equal, and at first, almost parallel, trunks, which, in close
antero-posterior order, continue the long downward and outward cardiac curve
of this bronchus, and for a short distance also its slight backward bend.

Their three origing might, on superficial observation, be mistaken for a
perfect trifurcation. A side view, however, shows that the anterior trunk
originates at a slightly higher level than the others; moreover it protrudes
relatively more from the main axis than does the posterior trunk. This is seen
even more plainly from the inner aspect than from the outer. Here, therefore,
is another instance of a bifurcation, unilaterally repeated, closely simulating a
trifurcation.

Relative Situation of the Basic Bronchi.—The middle stem, or
axillary-basic, which is a little smaller than either of the others, is, both as
regards axis and direction, the apparent continuation of the lower lobar
brenchus.  The posterior-basie, owing to its bulging backwards, is out of line
with the bronchus, and, in that respeet, is less entitled to be regarded, as it
seems to be by Professor Aeby, as the continuation of the * bronchial
stem.” Nevertheless its superior size may in itself constitute a suofficient
claim.

Gradual Divergence.—Even during their short unbranched course of
about 1 em., the three trunks begin to lose their absolute parallelism. The
three angles begin to vary, the posterior-basic trunk remaining almost vertical,
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the axillary-basic diagonal, and the anterior-hasic displaying least obliquity,
with more of the horizontal than of the vertical bias.

The Three Distributions are likewise almost parallel, their sub-
divisions oceurring within transverse planes succeeding each other from hefore
backwards. DBut, owing to the occurrence of amtero-posterior bifurcations,
in addition to those which are transverse, each of the three distributions
gradnally acquires thickness from above downwards, The thinnest of the
three upricht wedges thus formed is the axillary-basie, the thickest is the
posterior-basie, which indeed forms the larger half of the base.  The whole
arrangement may, not inaptly, be compared to the common bellows, the sides
and ribs of which, at first almost parallel, diverge more and more from the
plane occupied by the nozzle,

SoME INFFEREXCES BETWEEN THE RIGHT AXD THE LEFT BasE,

The spurious trifurcation observed at the left base presents with that seen
at the right base the following features of contrast :

(1) It oceurs decidedly higher (by about 8 mm.).

(2) Its slanting antero-posterior plane does not face purely upwards and
outwards, as does the right, but upwards, ontwards, and slightly backwards.

(3) Therefore, when viewed exactly from behind, the overlapping profiles
of the two anteriorly placed trunks may still be seen, instead of being as in
the right lung completely covered by the posterior frunk.

(4) Whereas the right basic trunks stretch outwards and downwards
stiffly, the left basic trunks form together a long flexible spray, drooping with
unequal curves, and thus gradually increasing their mutual distance.

(5) In consequence of their higher origin, the left basic trunks possess
greater length, and they appear yet longer than they otherwise wonld appear,
owing to their rather smaller diameter,

As may be observed in fig. 11, the left lesser posterior-horizontal is not
only of smaller size but, at its origin, is more horizontal than the right.

Lastly, the retro-cardiac is not, in the left lung, a primary branch from the

lobar bronchial stem, as it is in the right, althourh on both sides of the chest
the same districts are supplied by these bronehi.
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THE ANTERIOR-BASIC DISTRICT.

RIGHT ANTERIOR-BASIC DISTRIBUTION,
Tue DisTRICT SUPPLIED.
(The deseription given of this distribution may be best followed in the diagram, fig. 9.)

The Anterior-basic Trunk arises, with strictly weafiel origin, from the
front of the lower lobar stem. In this respect it is in harmony with the
left anterior-basic. The two districts have not, however, identical shape and
extension. The right distribution is smaller than the left by the whole retro-
cardiac district, which derives its bronchus directly from the lower lobar stem.
It does not therefore extend its ramifications to the inner pulmonary surface
beyond the anterior border of the lower lobe. Moreover, inasmuch as the
right and the lett anterior-basic districts underlie the septal surface of the
lower lobe, they ave influenced in their shape by the direction of the great
fissure. Whereas the left fissure, in its lower part, is almost antero-posterior,
the right is nearly transverse (with slight obliquity upwards and backwards).
It resnlts that, instead of facing inwards with its septal surface, the right
distribution faces anteriorly. And since the cardiac lobe claims more than
half the anterior-basic surface, the portion of this surface occupied by the
anterior-basic  distribution is much reduced. The left anterior-basic
ramifications will be found to extend to the inner basic angle, of which they
constitute the exclusive supply. In conclusion, the right anterior-basic
distribution is less complicated and smaller than the left, and more restricted
in its parietal sub-plenral extension.

RigunT ANTERIOR-BASIC DISTRIBUTION.

The anterior-basie distribution resembles move faithfully than the left the
axillary-basic distribution, not only in the arrangement of its parts, but ulso
in the direction of its bronchi. Like the axillary-basic, the right anterior-
basic trunk and its derivatives follow a straight course downwards and
outwards, which is almost identical with the direction of the main bronchus
and of the lower lobar stem, whereas the direction of the left anterior-basic
trunk and of its branches is complicated by various bends and curves,
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The Anterior-basic Trunk originates at a very aente angle from the
front of the lower lobar stem, about 8 mm. below the lower level of the retro-
cardiac trunk. Tis direetion is altered from that of the parent trunk only t
the extent of a slicht obliquity forwards. In ealibre it is about equal to the
posterior-horizontal stem at its orvigin.  Its distribution occupies a slice of the
base parallel to the septum and extending from the anterior axillary line
between its middle and its lower third, to the anterior fringe just external to
the eardiac lobe.

The first bifuveation, into the eardio-basic and the laferal anferior-lasic
frunls, oceurs after o conrse of 1-5 em.  Within a few millimetres from their
origin each of these bears a large T -shaped interlolbar branch, the directions

of which however are not identical.

The Cardio-basic Trunk is the longer of the two divisions, and is
destined for the extreme anterior baze, It diverges slightly inwards from the
original direction.  Its final division into tuier anterior-besic and oufer anferior-
basic bronchi takes place at a distance of 2°8 em, from its origin, but its first
the Posterior Pericardial, a T -shaped branch.
a position intermediate between that of the pericardial branches from Hll'

cardiae distribution and that of the retro-pericardial branch.

The Inner Anterior-basie, and the Outer Anterior-basic.—
The two divisions of the eardio-hasic trunk are 11['0&'1llt'1'l with small branches,
most of which are destined for the deepest tissues.  Those from the internal
division, also supply the of the base,
sequently bifurcates into an inner and an outer terminal fork, which carry
numerons branchlets,

branch is occupying

anterior vﬂf_?- Fach bronelhng sub-

The Lateral Anterior-basic Trunk is directly continuous with the
direction of the common trunk. The T -shaped Interlobar Branch, arising
from its anterior surface, faces towards the cardiac lobe which lies in front of T
it. This trunk is mnch shorter than the cardio-hasic, measuring only 1°1 cm.
down to its chief bifureation into the exferiad smammeary and dnfia-manmary
bronchi.  In Table VL. it is termed T f =iy,

The External Mammary Bronchus assumes a lateral direction
inclined barely 20” below the horvizontal. By its smaller auterior biauch it
partly supplies the swiface external to the nipple. By its larger, posterior
branel, which likewise possesses an upward and a downward terminal branch,
it beeomes associated with the axillary branch of the axillary-basic and assists
in the supply of the upper part of the lower third of the anteriov-axillary
region,

The Infra-mammary Bronchus divides, after a course of 1°
into an anterior and an external branch. In general direction and in arrange-
ment of branches this distribution vesembles the more internally placed
cardio-basic distribution. But the i':lfl'zl—llmmlnmjr branches do not reach the
base ; they are supra-marginal, not marginal.  The arches in which they
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TABLE VI.—RIGHT ANTERIOR-BASIC DISTRIBUTION.
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terminate remain about 2 em. above the lower fringe. The inner and the
outer division serve respectively as imbrications for the cardio-basic and for
the axillary-basic terminal branches. Besides small branchlets to the deeper
parts, and lateral branchlets, they supply, before their final division, two rows of
anterior branches which overlap each other and are overlapped above by the
external mammary branches.

LEFT ANTERIOR-BASIC DISTRIBUTION.

Tre IMSTRICT SUPPLIED.

{Diagram (fig. 9) will show the air-tubes described in the text. They will also be recognized in
fig. 10, between vertical lines G and I, and horizontal lines vj and x; part of the distribu-
tion iz al¢o shown in fig. 11 from behind.)

This distribution forms the almost vertical anterior and inner slice of the
lower lobe, Its inclination is determined by the slope of the interlobar
fissure, which is much more vertical in the left than in the right lung. The
septal surface of the lower lobe receives its supply, above from the posterior-
horizontal distribution, and, in its two lower thivds, from the distribution
now under consideration, which moreover extends backwards, by means of the
retro-cardiac branches, almost as far as the posterior pulmonary border, along
the inner surface of the base.

Viewed from its anterior aspect, the distriet in question slants from the
mid-axillary region downwards and inwards to the anterior basic angle,
passing obliguely across the lower mammary region. External, posterior and
parallel to it lies the thinner segment of the lower lobe served by the axillary-
basic trunk ; and behind this is situated the more important posterior-basic
district which represents almost a full half of the base of the lobe.

TueE BrRONCHIAL SUPPLY.

The Anterior-basic Trunk arises from the anterior aspect of the
lower lobar bronchus, 1°4 cm. below the lower level of origin of the
posterior-horizontal trunk. It preserves the main direction downwards and
outwards, but combines with this a slight forward movement.

After a short course of 1°35 em. it bifurcates into an upper and a lower
branch which strongly diverge at first and subsequently converge. The lower
or eardio=biesic {runk is the almost direct continnation of the parent tube, of
which the manvmary trunk is also a modified continuation, occupying a rather
higher level.
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The Mammary Trunk presents a short curve with convexity upwards
followed by considerable declivity. This brings the lower branches gradually
nearer the anterior surface where they terminate 3 cm, above the lower
fringe of the lung.

The first branch, the lorizontal saininery bronchus, 15 given off from the
convexity of the curve. The bifurcation to which it owes its origin occurs
in the same plane as the preceding one.  The lower division is inferior, and
assumes the name of descendiing wemniary bronchus.

The Horizontal Mammary Bronchus ascends for 2 or 3 mm.
outwards and with a sharp bend becomes horizontal with forward divection,
By this mancweuyre its {unee and oufer branch of bifurcation reach the surface
in the upper mammary and in the anterior mid-axillary regions.

An Ascending Deep Interlobar branch rises from the termination
of the ascending portion just mentioned, and faces, beyond the great fissure,
the deep interlobar bronchus from the superior branch of the cardiac stem,

These two T -shaped tubes arve the inferior constituents of a circle of
deep interlobar bronchi which define the anterior limit of what may e
termed the dwfra-pulionaey rovt=zone.  The eivele is completed above by
smaller descending interlobar bronehi from the pectoral and from  the
horizontal axillary distribution; it is situated about 2°5 cm. of
the angle formed by the pectori-apical stem with the main bronchus. No
peripheral branches arise from the large air-tubes within the space thus
defined, which is entirely occupied by blood-vessels, lymphaties, and fibrous
tissue.

The Internal Superficial Mammary and the External Super-
ficial Mammary bronchi divide symmetrically, each into an upper and
a lower terminal fork., The two branches from the external bronchus are
larger and further reaching than the internal Iranched, and they come
respectively into anterior contact with the anterior inferior mid-axillary-
horizontal, and with the upper mammary-axillary bronchus.

¥

in froat

The descending mammary or Infra-mammary District occupics the
anterior sarface of the lower lobe for a vertical distance of nearly 4 em.
between the preceding district and the basic zone.

The Descending Mammary Trunk after an unbranched course of

8 mm. divides, whilst still in the depth of the lung, into an funer and an
oirfer trunk,

1Y . A & =
The inner trank is rather more tmportant than the outer |1:|.' reason of

the size and extent of its branches.
product of its first bifureation.

A small Interlobar Bronchus is the
After this it divides almost immediately, by
a second bifureation, into a Superior Infra-mammary Bronchus dis-
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This bronchus, whilst still under cover of the former, divides into two
diverging bronchi of good size, which ultimately become superficial after deli-
vering deep and sub-pleural branchlets, and terminate by contiguous forkings
3 cm. above the fringe,

The Outer Descending Mammary follows with less symmetry the
pattern just described. It supplies outwards a deep intra-pulmonary (vij.
daadee), but no superior branch. It bifurcates like its fellow into oufer and
inner BExternal Infra-mammary Terminal bronchi ; the outer bronchus
comes into anterior relation with the lower mammary-axillary bronchus.

Leoft Cavdio-basic Distribution.

The Cardio-basiec Trunk, imitating in a reverse direction the initial
curve of the mammary, presents at first a posterior and inferior convexity.
Before this curve is completed the trunk undergoes a bifurcation in the same
plane as the plane of bifurcation of the anterior-basic stem and of its
mammary division, that is, in a direction almost parallel to the interlobar
geptum.

The two resulting tronks are the eardio-basic continued, and the Retro-
cardiac. The latter has been made the subject of a separate description
(see p. 139). It assumes a direction downwards, which 1s that of the early
portion of the enrve mentioned above,

The Cardio-basic Trunk almost immediately returns to the original
outward and downward direction of the anterior-basic stem. This direction
it preserves for a few millimetres only ; for another sharper bend downwards,
forwards and inwards, brings it closer to the anterior border of the lower lobe
and to the septal surface which it then follows, at a slight depth within the
lung, as far as the anterior angle. The latter is exclusively supplied by its
branches.

The bifurcation of the cardio-basic trunk takes place about 1°5 em. from
its origin, and gives rise to a superficial and to a Deep Cardio-basic
Trunk. The latter, smaller and much less branched than its twin-bronchus,
is external and posterior to it, and preserves this relation. It does not
become superficial, having for its special duty to supply the deep pulmonary
tissue intervening between the descending and hitherto branchless trunks of
the axillary and of the cardio-basie distributions.

The distribution of the Superficial Cardio-basic is entirely symme-
trical. A superior smaller division, the Supra-marginal Cardio-basie,
arises anteriorly, which carries an ¢uner and an owfer bianch. These are not
destined to reach the extreme base, but they extend their terminal forks
down to a level one or two centimetres above the fringe. The swpra-
.-:i!myf.lm.lr. cardio=tsie 1s itself covered above by the termination of the infra-
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mammary branches, and it furnishes an imbrication for the basic distribution e and

W onter
-l'Jl. 10“’+ branch
The cardic-basic bronchus divides into itg ewfer and its dwner ferprtipal from the
- a1 A . .'illpl';l-
branch at the same level as the supra-marginal.  These branches distribute margival

several branchlets to the neighbourhood, and end at the extreme base by [

terminal angular arches, 1 em, in height, and about 1 cm. broad at their puuerand
lower extremity, or base. A succession of these arches lines the whole lower Uf
fringe of the lung. Both limbs of each of them bear laterally sub-lobular braneh. j

R g Terminal
bifurcating branchlets, and finally become sub-lobular themselves. ,.fl.',:;,'t'_':"
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THE AXILLARY-BASIC DISTRICT.

RIGHT AXILLARY-BASIC DISTRIBUTION.
Tue DisTRICT SUPPLIED,
(The diagram (fig. 9) will facilitate the study of the bronchi to be described.)

Tris thin slice of the inferior lobe, included between the anterior-basic dis-
tribution in front and the posterior-basic behind, is parallel to the former
rather than to the latter. Moreover it is planned on the model of the ante-
rior-basic, and its branches display an arrangement symmetrical to that of the
anterior-basic trunk.

For reasons already stated (see p. 146) the left axillary distribution is,
just as the left anterior-basic, rather larger than the corresponding distribution
on the right side, Indeed the right axillary-basic is reduced to the most
simplified expression of what we recognize as a basic trunk. It consists of a
single trunk of origin, bifurcating into a single lateral and a single basic
trunk. The former is intended for the npper part of the lower axillary third,
and the latter for the axillary border.

Tine BroxcHIAL SUPPLY.

The Axillary-basic Stem is the antervior and smaller member arising
from the final bifurcation which ocenrs 8 mm. to 1 em. below the origin of
the anterior-basic stem. Of rather smaller size than the latter, it remams
strictly posterior to it, and posterior likewise, lower down, to the infra-mam-
mary division. Near the base it emerges from under cover of the external
infra-mammary bronchus. 1Its axillary branch is, in like manner, strictly
posterior to the external mammary, branch for branch,

The axillary-basic stem pursues a branchless course for 1°5 cm,, and
bifurcates into a trunk possessing an identical direction, the axillary-basic
continued, and into the axillary-retro-mammary trunk, which is parallel in
direction to the external mammary, and therefore almost horizontal.

The Axillary-basic Division gives rise to an exfernal superficial branch,
which forms part of the system of imbricating branches observed around the
whole surface of the lower lobe. It also distributes small deep branches to the
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pulmonary tissue and bifurcates into an dunce and an outer terminel. Dotk
latter bear sub-lobular twigs and end at the fringe with arches similar to those
described above.

The External Superficial Axillary-basic supplics the lower axilla
and ends in supra-marginal arches.

The Retro-mammary-axillary Division, following the example of
the external mammary, breaks up after a course of 1°2 em. into an anferior
and a posterior branch, the posterior branch being the larger one.  Each subse-
quently divides into an wpprer and a lower superficiol lronchus. This distribution
and that of the external mammary (which are depicted too low in the diagram)
are covered at their origin by the last ramification from the axillary division
of the posterior-horizontal stem. They form, below this, the next imbrication ;
and the same process is repeated downwards by a succession of imbricating
rows of air-tubes, each of which is of rather more acute angle than its pre-
decessor,

LEFT AXILLARY-BASIC DISTRIBUTION.

The LEFr AXILLARY-pASIC DISTRICT COMPARED WITH THE SAME DISTRICT
ON THE IMIGHT SIDE,

(The description of this district should be followed on the diagram (fiz. 9) in conjunction with
lig. 1o amed with lig. 11. The bronchi are best displayed in the drawing last named, )

The differences noticed between the lefr axillary-basie distribution and the
corresponding right one relate chiefly to size and to position.  Whereas the
right distribution was seen to be included between two alinost strict |:_.' Trans-
verse planes, slight obliquity of the anterior and posterior boundaries is found
on the left side, owing to the posterior position of the lower bronchial stem
at the point where it divides into the axillary-basic and posterior-basic tranks,
and owing also to the fact that a more anterior point of the basie fringe is
reached by the left than by the right basie division. Thus the left distribution
is rather more posterior in its axillary and rather more antevior in its basic
gection than the right. In addition the extent of surface supplied by it hoth
in the axilla and especially at the base, is more considerable ; and the bron-
chial ramifications are correspondingly more complicated. The exact paral-
lelism observed on the right side between the axillary-hasic branches and
those of the anterior-basic trunk, are here, owing to the sinuous course of the
latter, not so perfect,
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TABLE VII.—RIGHT AXILLARY-BASIC AND LESSER

POSTERIOR-HORIZONTAL DISTRIBUTIONS.
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BroNCHIAL SUPPLY To THE DISTRICT,

The Left Axillary-basic Trunk, in its non-branched portion, mea-
sures 1°5 cm, It ends in a bifurcation sitvated within the main transverse
plane of the district,

Of its two divisions, the outer and rather smaller Retro-mammary-
axillary Trunk, adopts an inelination so much more outwards than down-
wards, that its upper branch is little removed from the horizontal. This trunk
has a length of 1°5 em., and it divides into a superior and an inferior branch,
the latter being slightly posterior also, and its fellow slightly anterior. The
plane of this bifurcation is the same as that of the preceding bifurcation and
as that of the following one, for both divisions supply a small branch directed
npwards and another, downwards, which are continued within the same original
plane as the two previous bifurecations.

The Upper Retro-mammary-axillary division from the preceding
trunk, is contiguous with the external mammary, which it approaches from
behind and from below. It bifurcates into a superior and an inferior branch ;
and these bear small deep intra-pulmonary branches ; as it draws near to the
surface, the inferior branch becomes more and more anterior.

The Lower Retro-mammary-axillary gives a desecending intra-
pulmonary bronchus bearing recurrent branchlets and divides into an internal
and an external peripheral bronchus, to be distributed at the junction of the
middle and of the inferior axillary thivds.

The Axillary-basic Trunk, rather larger than its fellow, con-
tinnes the direction of the common trunk, with a wvery faint increase in
the forward tendency of the latter. For the relatively long interval of
22 cm., it remains undivided. Its bifurcation gives origin to an anferior
superior and to a posterior dnferior avillavy-basic bronchus.  These show little
divergence in their direction, for they are both intended for the outer-anterior
region of the base where the posterior division becomes external and super-
ficial ; but the anterior superior branch does not supply true marginal, but
supra-marginal arches only, Both divisions have a branchless course of
1°2 cm.; and both are provided with an early laferal branch, bearing a deep
yecurrent branchlet,

The Anterior-superior Axillary-basic distributes its lateral branch
to the anterior axillary region at the level of the infra-mammary branches.
Its own division into an Inner and an Outer Terminal bronchus occurs at
the lower extremity of the infra-mammary distribution. The terminal bronchi
extend to within 2 to 3 em. from the base forming supra-marginal arches.
They provide a last imbrication for the branches of the inferior-axillary-hasic.

The Lateral-inferior Axillary Branch from the posterior-inferior
axillary-hasic is of some importance both in size and in position. It takes
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an outward divection towards the axillary fringe, which it does not quite
reach. In addition to the Deep Intra-pulmonary Recurrent given
hizh up, i ,»:.|1|111]i1-_-.- 1]'II'L"I‘E-ill]'lt'l‘ﬁl;'iill. ir|||u'i|;‘:tlh1;_1|‘ branches and ends h:..‘ menns
of supra-marginal arches,

The Posterior-inferior Axillary-basic Trunk continues a branch-
less course for 2°3 em., and divides behind the imbrication of the supra-
marrinal distribution, into ewfer and dmner  branches  which, becoming
superficial, terminate in arches at the fringe, These branches may eon-
veniently be termed the Antero-lateral-basic and Axillary-basic
Bronchi.
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THE LESSER POSTERIOR-HORIZONTAL DISTRICT.
RIGHT LESSER POSTERIOR-HORIZONTAL DISTRIBUTION,
PRELIMINARY REMARKS.

(Fig. 11 gives a good idea of the position and main branches of this distribution.)

For reasons of symmetry and of clearness of description the right lesser
posterior-horizontal distribution must be considered in this place, ﬂltfmugh
somewhat out of the order indicated by its bronchial origin. In the left lung
the bronchial trunk in question originates from the posterior-basie stem, and
will be described under that head. In the right lung its origin occurs above that
of the posterior-basic stem and almost on the same level asthat of the anterior-
basie, which arises from the opposite side of the bronchial stem. For
purposes of classification we may therefore admit that the lesser inferior-
horizontal arises immediately below the anterior-basie, and from the posterior
surface of the remaining stem which bifurcates into the axillary- and the
posterior-basic trunks,

The district now under consideration occupies the upper third of the
lower half of the lung and it is mainly superficial. Its bronchi are a repro-
duction, at a lower level (by 3 em.), but with almost complete parallelism, of
the horizontal mid-dorsal and of the vertical-descending mid-dorsal bronchi
from the posterior-horizontal trunk.

THE BRONCHIAL SUPPLY.

The Right Lesser Posterior-horizontal Trunk is not itself
horizontal, but during its short course of 1°3 em. proceeds downwards and
outwards in a direction posterior and parallel to that of the lower lobar
stem.

The Inferior Posterior-horizontal and the infirior vertical-descond-
ing wid-dorsal ave the divisions arising from the bifurcation. The former
assumes an outward direction with very slight inclination downwards, and
soon gives by bifurcation an obliquely ascending decp intra=pulmonary branch.
Continuing its course it divides into terminal branches behind the posterior
axillary region,
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The Inferior Vertical-descending Mid-dorsal has an unbranched
length of 1°3 cent, and moves downwards and slightly backwards. It
bifurcates into the inferior obligue wmid-dorsal and the Inferior Inner
Marginal Mid-dorsal. The latter divides into an anfevior and a posferior
liranch and each of these repeatedly bifurcates, so as to supply the surface of
the blunt vertebral edge of the lung at this level,

The Inferior Oblique Mid-dorsal is of rather larger size than the |

superior branch of the same name, of which it closely imitates the superficial
ountward descending course, and the branchings. 1t gives a descending branch,
which is posterior to the posterior-basie division, and bifurcates outwards, at
a point 1°5 to 2 ¢m, below the inferior posterior-horizontal stem.

The distribution which has been described furnishes the highest layer
of the successive imbrications produced by the descending dorsal bronchi,
inasmuch as the right posterior-horizontal distribution, sitnated above it,
does not to any material extent overlap its branches.*

* For an account of the left inferior or lesser posterior-horizontal distribution, see p. 167.
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THE POSTERIOR-BASIC DISTRICT.

RIGHT POSTERIOR-BASIC, OR DORSI-BASIC DISTRIBUTION.

Tueg IDistricT SUPPLIED.

(The right posterior-basic and its branches, as far as they have been successfully injected in the
metallic cast, come into full view in fig. 11.)

Toe distribution of the posterior-basic stem occupies the whole posterior
half of the base and possesses therefore considerable breadth as well as depth,
unlike the much more limited sections belonging to the other basic stems.
In contrast with the latter, the dorsi-basic stem undergoes its first bifurcation
according to a plane which is almost sagittal, thus extending its ramifications
backwards beyond the transverse plane which passes throngh the trachea and
the right main bronchus.

Of larger size than either of the other basic trunks, and corresponding in
its direction with the axis of the ** bronchial stem,” the posterior-basic trunk
claims according to Professor Aeby to be considered as a continnation of the
latter. Even if that view should be adopted. it will be desirable to apply
to this stem the name posterior-basic, which defines its funetion as the
main sapplyving tube to an important pulmonary district.

Tur BroxCHIAL SUPPLY.

The Posterior-basic Stem is strictly posterior to the other two basic
stems, and it remains, on the whole, part of the oblique, outward-inclined
and ontward-facing plane which contains them; but within that plane it
swerves very slightly backwards. This tendency becomes more apparent in
its posterior branch. The first bifurcation occurs 3 em. below that which
gave rise to the axillary-basic trunk, and its products are the laferal dorsi-
basic division which is the direct continunation of the stem, and the dorsi-
basie division, which diverging slightly backwards, probably corresponds to
the third * hyparterial ” dorsal branch, in Aeby’s nomenclatore. It provides
the dorsal supply of the base as far as the neighbourhood of the vertebral
margin, where the vetro-cardiac distribution completes the circle of basic
branches.
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_.f:'.u'l.alffr.f Fateral Popsi-basic Dhstrthution.

The Lateral Dorsi-basic Trunk, rather larger than its fellow, has
an unbranched course of 1 em. The branch arising from its first bifurcation,
the Inferior Retro-axillary, is comparatively small. It is analogons to,
although originating at a lower level than, the retro-mammary branch of the
axillary-basic ; and it distributes its swperior and duferior branches, belonging
to the same level as those from the retro-mammary, to the outer-posterior
surface of the lung, where it comes into contact with the inferior obligue
mid-dorsal distribution.

Five millimetres lower the lateral dorsi-hasic divides antero-posteriorly
into a smaller anterior tronk the acillury dorsi-basie, and a posterior slightly
more diverging trunk, the lateral dorsi-basic continued.®

The Axillary Dorsi-basic Trunk supplies the axillary and the
retro-axillary region of the base. It has a length of 1°5 cm. and gives an
anterior T-shaped Jatio-pulinonary braneh of small size, and bifurcates into a
SN .ll'_u"l'-f'-"-‘-l'lf and a n"u'jri divisio,

The Superficial Axillary Dorsi-basic bifurcates, at a distance
of 15 em. from its ovigin, into a shorter waferior and a longer posteiioe
bronchus, both of which subsequently divide into ferminal branches, which
do not reach to the extreme base, but are imbricated over the basic divisions
from the deep branch.

The Deep Axillary Dorsi-basic after a course of 1°5 em. bifurcates
into an internal Descending Intra-pulmonary division, presenting
no large branches, and destined for the supply of the central parts of the
base ; and into the continuation of the arillary dorsi=lesic.  This truank, with
”Ii" L"I{Cl'l‘.lliﬂl'l lrf i !Il"“' };}10]'{'. ;:r!‘rn';l'f:'r'.l'urf Hj.ln" ri'lr'r"r} ||'1-,-'|'4'1-.lf'_|i"n'.~-:1 E*I'Ctﬂt"tf.lﬁ ]lllillft‘l'*
ruptedly  downwards and outwards to the neighbourhood of the axillary
fringe. there bifurcating into an «aterior and a posteiior division distribnted
to the axillary fringe,

The larger Lateral Dorsi-basic Trunk presents an arrangement
analogous to that of the axillary dorsi-basie. It supplies the retro-axillary
fringe and the outer dorsal fringe. From its point of origin it extends
downwards outwards and slightly backwards, and it divides into a swpesficial
and a rl"i'l"fr Dvetaefr.

The Superficial Lateral Dorsi-basic bifurcates into an aufeiior
and a posterior bronchus, both of which supply supra-marginal arches im-
bricated above the deep distribution,

The Deep Lateral Dorsi-basic likewise gives rise to an anterior

* The lower portion of the posterior-basic distribution is ineomplete in the metallic cast,

owing to imperfect injection.  ‘I'he deseription given has been {:mnplq-1 ed with the ha_-]]-. of Tresh
dissections, and of dried specimens of the dissected bronchial tree,
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and to a posterior division. Each of these supplies a superficial and a deep
branch, The superficial branch of each is anterior, and it furnishes marginal
arches to the fringe. The other branch, inclined backwards and inwards, is
destined for the central portion of the base.

J"i'r'y-"rl Dorst-basic Distributivi.

The Dorsi-basic Trunk, which diverges backwards from the main
direction of the lower lobar stem, undertakes the aération of the greater part
of the posterior base, being assisted slichtly on the outer side by the lateral
dorsi-basic, and at the inner or vertebral hovder by the retro-cardiac. It also

takes a chief share among the basic trunks in supplying the central base. For
a distance of 8 mm. it bears no branches,
The first branch is given off, by bifurcation, straicht downwards. 1t may

be appropriately termed the Central-basic Trunk. It bifurcates into an
inner and an eufer division for the supply of the intra-pulmonary tissue. The
latter is also largely supplied by the deep branches from the retro-cardiac
distribution.

A second bifurcation oceurs 8 mm. lower down into the Inferior Dorsal
Trunk (which probably corresponds to the fourth hyparterial dorsal bronchus
of Aeby), and into the continuation of the dorsi-basic. The latter does not
alter its outward downward and backward direction. The inferior dorsal which
arises from its posterior surface shows an inward and backward tendency :
it divides into an ¢naer, and into a more superficial oufer branch, and supplies
the inner posterior fringe and neighbouring surface.

The Dorsi-basic Trunk divides into an Outer Superficial Branch
and into the continuation of the trunk. The outer branch again divides into
an tuacr and an owfer bronchus, which supply the parts above the base.

The dorsi-basic finally bifurcates into a Deep Anterior and a Posterior
Dorsi-basic.

These bronchi present an arrangement similar to that which has been
described at other parts of the basic fringe.

LEIT POSTERIOR-BASIC DISTRIBUTION,

THE IMSTRICT SUPPLIED.

This distribution can be readily studied in fig. 11; it will be noticed that the lesser posterior-
horizontal trunk has been curtailed in the drawing.)

The whole posterior half of the base is supplied by the dorsi-basic trunk
which, by means of the lesser posterior-horizontal, also contributes to the
aération of the posterior middle third of the lung. In general shape this
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distribution almost exactly resembles the inferior lobe, and the same pyramidal
outline repeats itself also in its subdivisions.

In consequence of the posterior divergence of its first portion (nearly
equal to the anterior divergence of the cardio-basie trunk), the Posterior- Lefipos
basic Stem is. at the beginning of the lower third of the lung, the most 1:-‘:‘-::r.lm.~..~
superficial of all the large bronehi (with the exception of its own branch, the (iv. ddp).
lesser posterior-horizontal).  Alone, the lower ramifications from the posterior-
horizontal distribution intervene between it and the posterior surface of the
lung,  lis great divisions, originating at this posterior level, must either
descend vertically or else develop a forward tendency.  Both these directions
are represented (chiefly the latter) in the branchings from the left posterior-
basic stem. It will be remembered that the right posterior-basie, in its own
ll"ll]'l.[\: Elll[l [Il EI.”. i'ﬁ IH';"I]J.'GhP:‘. I]Uﬁ:‘ii"ﬁﬁﬂ'ﬁ il lh."“']l“'ﬂl'l-! f_'“‘t-“'ill"l.l ﬁ“(i I]ﬂ{'k“'il]'{l
movement.  The left bronehi on the contrary present an outward and
slightly forward tendeney towards the axillary base; whilst a few, more
superficially placed, descend vertically.

LErr LEssER POSTERIOR-HORIZONTAL IMSTRIBUTION.

The Inferior or Lesser Posterior-horizontal Trunk arises Lesser
posterior.
hrorizomial

bifurcation of the left descending aortic bronchus, from the posterior surface (¥ ddpe).
of the stem. It takes its course almost borizontally outwards, L'L-fping at a
distance of 3°5 to 4 cm. below the posterior- “horizontal trunk, and remaining
under cover ut the descending oblique from the latter.  Both absolutely and
1'uh1.tir|_=]3' it is o little lower than the 1‘i;_=;||1‘ lessor p:_:.‘si13|'iur-hl,r|'immIzll at its
origin, being civen off’ by the posterior-basic stem, instead of avising from the
joint axillary-doreal stem. It is of small size, and gives only small and unim- :.L'::,Lil...._ﬂ
portant branches downwards and anteviorly. Jhwsnle
Together with the external mammary and with the mid-axillary bronchus, wards.
the lesser posterior-hovizontal helps to form the floor of o Central Lozenge- Ceutwl
shaped Bronchial Interspace, of which the inferior bronchus and its iil?ill:{‘ll
apparent trifurcation form the inner wall, and various T -shaped interlobar and :'_']'J'I_‘;'t';'r'"l‘::‘";_':
deep bronchi the anterior and outer walls.
"The terminal bifurcation of this bronchus takes place in the posterior
axillary region somewhat below the middle of the lung.

4 mm. below the origin of the posterior-basic stem, and exacily behind the

Lerr PostERIOR-BASIC Broxcnian SurrLy.

The chief bifurcation of the posterior-basic stem oceurs 2 em, below the Descend-

origin of the previous trunk, and gives rise to the descending obligue dorsal, and :;:f:;r;’]'l“l"'!

to tlm slightly larger dorsi-basic division. The latter supplies a pyramidal g
Morsi-has
distribution, including the inner vertebral border and deeper parts, and the ke
{'l.'j, dq jrl 11:],
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whole inferior border and lower basic surface, as far as the middle axillary
line.

The remainder of the posterior base,—viz, the onter and unpper portion,
is provided with bronchi by the descending oblique dorsal, a trunk inclined
downwards and outwards, with slight forward tendency.

Left Deseending Oblique Dorsal Distribution.

The Descending Obligue Dorsal Trunk preserves the same direction
as far as the lower axillary region, although it does not reach the basic margin.
But it previously gives vise after a course of 1'5 cm. to the Posterior
Superficial Dorsal Oblique. This short trunk bears the same relation fo
the outer base as the inferior aortic bronchus bears to the inner. It descends
for 8 mm. exactly behind the deep oblique branch, and bifurcates into two
superficial divisions provided with several sub-pleural branchlets, The wuper
division takes an outward direction towards the lower axillary region; the
lower, or deseending, descends almost vertically, but does not reach the edge of
the lung. In the angle thus formed between these terminal branches, the deep
portion ultimately comes to the surface about 3 em. above the fringe.

The Deep Dorsal Oblique Trunk, whilst still under posterior cover
of the superficial division, divides into an wpper (or outer) and a lower decp dovsal
obligue,  After giving a deep intra-pulmonary bronchus forwards, the Upper
Deep Dorsal Obligue again divides into an anferior and a posterior branch.
The destination of these bronchi has already been mentioned, Branchlets
from them are furnished respectively to the sub-pleural and to the intra-
pulmonary tissue,

At a distance of 3 mm. below the descending dorsal oblique bronchus there
arises from the posterior aspect of the trunk of the dorsi-basie an important
minor trunk destined to supply the vertebral portion of the posterior
pulmonary surface, The district in question is included between the lower
limit of the distribution of the vertical descending aortic bronchus (derived from
the posterior-horizontal trunk) and a level 2'5 cm. above the lower fringe of
the lung. Tor the bronchus supplied to this district the name of Inferior
Descending Aortic is almost indicated by the anatomical relations. 1t
ramifies in a fan-shaped manner downwards, thus covering the posterior
pulmonary surface from the seapular to the vertebral line, and leaving the outer
half of the posterior surface to the descending oblique dorsal bronchus.
Between the vertebral border of the lung and the direction of the dorsi-basic
trunk, continued downwards, outwards, and slightly forwards, a space is left,
the outline of which is triangular when viewed from behind. This space is filled
by the almost completely symmetrical and equilateral-triangular outline of the
inferior descending aortic distribution. The small bronchial trunk in question
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being at tivst absolutely vertical, forms at once an angle with the direction of

the dorsi-basic trunk.
The branches of

.‘-'u_"g."l]‘l'llh'tl‘iﬂ_":lll and ﬂrpi:ﬂ.

bifurcation of the inferior descending aortic are
The Inner Descending Aortic diverges slightly
from the perpendicular, and ends above the inner posterior angle of the lung,
completing a curve formed in suceession by the main bronchus, by the inferior
lobar bronchus and by the dorsi-basic, and resembling, when viewed from be-
hind, a very open letter (G. In the concavity of this curve, which constitutes
as it were the inner edge of the bronchial tree. may be seen the pulmonary
vein, the left pericardial surface, and quite anteriorly some of the sternal and
cardiac bronchial tubes.  From the concavity of this eurve no inward branches
are given excepting minute branches from the descending aortic bronchus,

The inferior pulmonary vein descends to the level of the bifurcation
of the descending aortic: the inner division of this bronchus opposes to
the vein a small Anterior T-shaped Branch, facing which, on the
anterior side of the vein, is found a similar branch from the inferior peri-
cardial bronchus.

Other unimportant twigs are given oftf from the inner division, among
them is an upper inward branchlet symmetrical with an outward branchlet
from the outer division, and two inward branchlets intended for the lower
part of the mesial border of the lung. The inner descending aortic finally
supplies marginal arches which furnish the interval between the marginal
branch from the superficial dorsi-bazic and between the termination of the
posterior angular bronchus at the inferior angle.

The Outer Descending Aortic Bronchus is almost vertical. [k
supplies outwards a sub-plenral branchlet symmetrical with the small inward
branch from its fellow bronchus; and it bifurcates after a counrse of 1 em.
into a vertical swpra=mearginal braack and an obligie beanch, both of which are
superficial.

The Vertical Supra-marginal Bronchus lies parallel to and 5 mum.
to the inuer side of the inner division of the superficial dorsi-basic trunk, and
thus separates this bronchus and its distribution from the inner border of the
lung. It terminates in the same manner as other supra-marginal bronchi,
and partly imbricates over the marginal branch from the saperficial dorsi-hasic
trunk.

The Oblique Branch has a brief course downwards and outwards,
supplying the sub-pleural tissue in the inferior mid-dorsal region.

Left Dorvsi-basic Distribution.

The ensuing bifurcation of the dorsi-basic division of the posterior-hasic
stem gives rise to the decp and to the superficial dorsi-basic trunls.

The dorsi-basic trunk, in the interval of 1°3 em, separating the origin
of the descending aortic aud the present bifurcation, has a direction parallel
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to a line drawn from the posterior-horizontal stem to the lower extremity
of the posterior axillary line.

The Deep Axillary Dorsi-basic Division follows the same direc-
tion, and may therefore be looked upon as the continuation of the posterior-
It traverses the depth of the outer portion of the lower lobe in
front of the descending oblique distribution. and emerges above the posterior
axillary fringe, to which it is distributed.

The first bifurcation of the deep axillary dorsi-basie trunk gives rise to
the central angular dorsi-basie bronchus, and to a continuation of the deep
axillary dorsi-basic. The length of the undivided trunk above this bifur-
cation 1s 1 cm.; and between this and the subsequent bifurcation there
is an unbranched length of 1°3 em.  The final breaking-up of the trunk is
thus delayed until it has almost reached a superficial position in the posterior
axillary region,

In its deep portion the deep axillary-basic gives rise to two or three stout
and short Intra-pulmonary Branches: it finally divides into an Inner
and into an Outer Terminal branch, which supply the tissue above the
axillary fringe, and arve therefore sapra-marginal.  Until close to the supra-
marginal region they are covered by the imbrication of the inferior deep
dorsal oblique bronchus,

The internal branch of bifurcaticn. or Central Angular Dorsi-basic,
is covered from behind by the superficial dorsi-basie, the general cutline of
which it repeats in a much more anterior or central plane.  After a vertical
course of 1'5 em. it bifurcates into widely diverging branches,

The branch to the posterior inner angle, or Posterior Inner Angular,
which bears several deep intra-puliionary branchlets, divides into an Infe-
rior-basic bronchus and into an Angular Marginal bronchus. The
latter furnishes a marginal arch for the posterior extremity of the inner
fringe of the base,

The smaller, shorter. Posterior Central Bronchus extends outwards
and downwards for the supply of the ecentral zone above the posterior-outer
It is anteriorly in relation with the central branches
It ends in sub-

hasic stem.

pulmonary margin.
from the retro-cardiac bronchus, and parallel with them.
plenral basic branches,

The Superficial Axillary Dorsi-basic Trunk and its distribution
lie within a plane which passes through the inner posterior basic angle
and along the posterior axillary line, After a course of 1°4 cm. this trunk
divides into an outer and an inner branch, the former being slightly larger
than its fellows.

The outer division, orr Superficial Dorsi-axillary-basiec, is destined
for the posterior axillary, and lateral dorsal fringe. Immediately above its
bifurcation it supplies to the posterior pulmonary surface a branch of small
size, which does not descend as far as the extreme fringe. It then divides
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into two branches. inner and outer. respect [\'ﬂl_'l.' termed the Retra-axillary -“]"Hi_";-'}iiuf_lll
Marginal and Lateral Dorsal Marginal, which terminate by means of trunk (ix.
small bifurcating branches at the surface. 'I‘:'I|_JI':.|I'PI_--'11-1'-;
The inner division, or Superficial Dorsi-basic Trunk. bifurcates after awxilluy |
desecending for 2:2 em. vertically downwards, with slight inward bias, It :':'I"j‘l'l'l']'l’,‘,],]_

divides into an auferior and a pesferior branch,  FKach of these immediately cdea).

LY
bifurcates into two bronehi. inner and owter.  The distribution is thus con- 111:_:|.|:';:ri'lm:n - (
verted into a small pyramidal group which oceupies the inner posterior angle ﬁ,}':ﬂ;‘f_x'
of the base, and part of which is overlapped by the fringe of the descending "fl""}" o
aortic distribution. f']';,'}.:-:f: a

The branches from the posterior branch, or Marginal Superficial Eﬁﬁﬂwhh.
Posterior-basic. in addition to sub-pleural twigs, give rise to marginal Margival |

arches for the fringe, and supply the fringe nearly as far as the angle. E‘L’,{'E.r.'!\.',"
This distribution comes into contact with that of the posterior angular Iﬂﬁ"ml"j'l'
bronchus, Central

The branches avising from the Central Superficial Posterior-basic E.'.'L':E.j’.:'."
likewise supply branchlets to the intra-pulmonary tissue, and terminate at the BHIOL K-

. . i . - g i E g : 3 ll'lti!'ilﬂ;l:}, 7
basic surface in front of the marginal distribution just described.
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SECTION III.

THE ANATOMY OF THE PULMONARY BLOOD-VESSELS,
STUDIED FROM THE METALLIC CAST AND
FROM DISSECTIONS.

GENEBRAL REMARKS ON THE PULMONARY BLOOD-VESSELS ; THEIR
RELATIONS TO EACH OTHER AND TO THE BRONCHI

A.—GENERAL RELATIONS OF THE BLOOD-VESSELS TO THE
Broxcuian TrEE,

Wuex the simple bronchial cast and the compound wmetallic cast of the
bronchi and of the pulmonary blood-vessels are placed side by side, a
striking contrast is presented by the unfurnished aspect of the first and by
the fulness of the second. Indeed the great size of the injected blood-
vessels is the first thing which arrests attention in the compound ecast,
Allowance must be made for the greater ease with which the walls of the
blood-vessels, as compared with those of the bronchi, yield to the internal
pressure exerted duoving injection. But even after this deduction, the
calibre of the pulmonary vessels remains unuszually large in proportion to
their length, and reminds us of the fact that the amount of blood passing
throngh them, to and from the lung, at each cardiac contraction, is exactly
equal to the amount propelled into and derived from the general systemic
circulation during the same interval of time.

Some of the peculiarities of the bronchial tree may be traced to the pre-
sence within it, and to the large calibre of the pulmopary arteries and of the
pulmonary veins.

In the first place these vessels so fill the interspaces left between the
primary and the secondary branches of the main bronchus, that no room
remains at the root for any pulmonary parenchyma; and in consequence, no
lobular bronchioles arise from the central internodia of the bronchial tree, but
their origin is relegated to more peripheral zones.

In some situations the large size of the vascular trunks and the claim
which they make upon the intra-pulmonary space bring about the deflection
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of a large bronchus, or some important alterations in the structure or in the
shape of the bronchial tree. The following are striking instances of this
kind :

(1) The left main bronchus, longer than the right bronchus owing to the
passage over it of the aorta, is still further elongated in order that it may
atford support to the arch of the left pulmonary artery. Professor Aeby even
woes so far as to supposze that the left upper lobe has been entirely sacrificed
to the saperior position of this vessel; a view which I connot endorse.

(2) The right cardiac, or middle lobar, bronchus by the unusnal conrse
of its first portion, which descends in contact with the lower lobar bronchus,
and by the curvature of its second portion, clearly bears witness to the lateral
pressure from the transverse portion of the pulmonary artery, and of the
superior pulmonary vein in front of the artery.

(3) The large vacant space seen in the metallic bronchial cast, in the
upper part of the middle thivd of the right lung, is mainly devoted to the
large blood-vessels and strictly deserves to be termed * the intra-pulmonary
vessel-space.”  This gap is analogous to the space which intervenes between
the apex of the left lung and the trachea ; but in eonsequence of the different
course adopted by the pulmonary artery in the two lungs, the ** vessel-space”
ocenrs in different situations on the two sides, above the upper lobar bronchus
on the left side, and on the right side below this air-tube.

(4) Again the left main bronehus shows a slight depression of its oblique
axig, near the pulmonary root, and a posterior snlens at its termination.
These corvespond to the pogition of the arch of the left pulmonary artery on the
ome hand and to that of the left descending pulmonary artery on the other.

B.—GENERAL RELATIONS OF THE PULMONARY ARTERIES TO THE BRONCHI.

The relations existing between the arterial channels and the air-tubes ave
extremely simple and very constant. Each bronchus is invariably accompanied
by a single arterial branch. The association once established between them
is never dissolved.  Their directions undergo the same variations, and their
bifurcations ocenr simultancously.  The only exceptions to this otherwise
absolute uniformity are those which occur at the root of the lung before the
arteries have suceeeded in modifying their orviginal divection in aceordance
with the very different direction presented by the larger bronchi.

The arterial distribution is therefore a duplicate of the bronchial tree, and
to describe the bronchial divisions is almost equivalent to deseribing the
arteries.  For this reason a separate diagram of the arterial ramifications
will not be found necessary. -

But with regard to the relative positions assumed by each of the paired
tubes, it is impossible to formulate a general rule applicable to all cases, as
this has been attempted by Professor Aeby (‘or. cif., p. 4) and by Quain
(vide supra, pp. 16, 17).
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The aspect of the bronchial surface with which the aceompanying artery
is contiguous varies with the different districts of the same lung, and within
the game district often varies with the individual bronchi. These relations
will be in every ease described in detail. There is however a rule capable of

IDTESECTION OF THE BRONCHI, OF THE PULMONARY ARTERY AXD OF THE FuL-
MONARY VEIN, DRIED. RIGHT LUNG—FRONT VIEW. (From a Photograph,—
congiderally veduced.)

The deseending pulmonary artery is seen in the front plane, at the middle of the
specimen. The details are not sufficiently clear to supply more than a general idea
of the kind of dissections to which referenee is made.

general application to those bronchi which possess a partly membranous wall.
The artery is always associated with some portion of their cartilaginous surface,
and not with the membranous portion,
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(. —GENERAL RELATIONs oF THE PULMONARY VEINS TO THE BROXCHL

In direct opposition to the mutnal behaviour of arteries and of bronchi, llg:n:nlutr.

the velation of the pulmonary veins to the air-tubes is one of constant sepa- distuuee

FiG, 13

DissEcTION oF THE BRONCHT, 0F THE PULMONARY ARTERY AXD OF THE PUL-
MONARY VEIN, DRIED. LErr LUNG=FROXT VIEW. From o Pholograph,—
considerally redueed.)

In this as in fiz. 12 the photographic method has done seant justice 1o the
specimen, the details of which are obseured.  In both figures the venons branches
may be recognized, in many places owing to the angles which they form with the
direction of other vessels,

ration. Instead of clinging to the bronchial tubes, the veins usually ramify from the
et 3 b2 i iy Y bronchi,

as far from them as it is possible. They generally select the middle of the . . -".

T 5 1 ot Lo d 1 therr 1mn-

interspace which intervenes between two or several bronchi. terspaces.
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Again instead of shaping their course in distant imitation of that of the
bronchi, they retain their original divergence. In passing from one interspace
into another their branches are of necessity otherwise than parallel to the
bronehi. Nay, even during their course within the interspaces want of paral-
lelism is the rule. The smaller veins approach the peripheral districts at an
angle with the corresponding bronchi. Even when entering the lobule the
two directions do not blend, and the venules are separated from the bronchiole
by a considerable proportion of the thickness of the lobule, A study of the
behaviour of the intra-lobular vessels within the lobule belongs to the provinee
of histology and cannot be attempted here. But the description given of them
by Sappey (loe. cit., p. 470) favours the view that an analogous divergence
exists between the most minute arterioles and venules,

D.—GENERAL RELATIONS OF THE PuLMoNaRY VEINS TO THE PULMONARY
ARTERIES.

The mutual relations of the two sets of vessels within the lung, exclusive
of their mediastinal portion, may be inferred from that which has been said
concerning their individual relations to the bronchi. Throughout the lung
the two blood-vessels follow an independent course.  Between them there is
neither symmetry of distribution, nor regularity of distance. They are rarely
parallel.  The veins do not, as in the systemic cirenlation, constitute a repe-
tition of the arterial pattern. It is therefore impossible to gather from a
description of the course followed by the pulmonary arteries more than an
approximate idea of the direction taken by the pulmonary veins; and a
separate diagram of the venouns distribution is almost indispensable for refer-
ence, when specimens are not available for study (see fig, 18).

The chief features of contrast between the pulmonary arteries and tha
pulmonary veins may be summed up in the following rules :

(1) The two vessels are situated on opposite sides of the same bronehi.
the artery clinging to the side of the bronchial wall, the vein keeping aloof.

(2) The arteries and the veins are not parallel, and they almost always
cross each other at a considerable angle, often approaching, and sometimes
equal to 9o°.

I cannot endeavour to discuss in these pages the important physiological
considerations which a study of these relations has sunggested ; but within
the range of pulmonary anatomy I have arrived at the following coneclu-
sions

(1) Inasmuch as the veins, oceupying the bronchial interspaces, dis-
tribute their branches in varions directions to two or to several bronchi, they
establish an elastic link between the divergent bronchial tracts; and their
ramifications thronghout the lung constitute a econnecting system for the pul-
monary elements.

{2) From the persistent connection of the pulmonary arteries with the
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bronchi, and from the fact that they enter the lobule in close association, it
may be inferred that the same relation is continued yet further, and that the
arterial element accompanies the bronchial element as far as the depth of
the lobule. With regard to the pulmonary vein, a continued divergence
would be suggested by the very distant behaviour of that vessel thronghount
the lung,

(3) At the surface the pulmonary vein is found to be intimately con-
nected with the plenra; in its intra-pulmonary part it supports a continuons
framework of connective tissne which extends between its branches; and
lastly, close to the surface of the lobule, it undergoes division into two or
more venules, which are at first superficial to the peri-lobular sheath, lnt
which nltimately make their way into the lobnle,

In these three successive stages ol digtribution, the ]'rll]lnﬂnﬁr:,-‘ veln may
be regarded, in a limited sense, as peri-pnenmonic, as sustentacular, and as
peri-lobular.  'The pulmonary artery on the contrary may be truly described
as intra-pnenmonic, as companion to the bronehung, and as intra-lobular.  In
other words, in addition to its vascular daty of conveying arterialized bload
to the heart, the pulmonary vein wounld appear to discharoe a supporting
function in connection with the inter-bronchial and with the peri-lobular
fibrous framework. The pulmonary artery would be, on the other hand,
exclusively at the service of the blood-airating function.

(4) According to all usnal anatomical notions the term ‘*artery ™ is
synonymons with greater strength and elasticity than is understood wnder
the term “vein.”  This difference in favour of the arteries is not l‘-r-rc.aplih{.-
within the lung, althongh it may be claimed for the pulmonary artery in its
extra-pulmonary, and in its intra-radiconlar portions.  The pulmonary vein is
on the other hand remarkable for the toughness and for the clasticity as
well as for the independence and for the unsupported condition of its rami-
fications.

(5) Lastly, it may be argoed, at least from a vasenlar standpoint, that
the lung 1s a more direct extension of the pulmonary vein than of the
pulmonary artery.  Its connection with the left auricle is much more elose
and much more extensive than with the rieht ventricle ; and whereas the
pulmonary artery acts only as a loose link between the heart and the lune,
the pulmonary veins firmly connect the two organs, as though by tight-drawn
lignments,

3.—DIFFERENCES BETWEEN THE PULMONARY AND THE SYSTEMIC
ARTERIES.

The pulmonary artery is the only artery in the hody which conveys venous
blood. In spite of this contradiction in terms, it is, in its extra-pulmonary
portion, and as far as its secondary divisions within the lung, unequivocally

M

neda bl v
1'1||||||-l'1-'-:|
with tho
Lo lii-
oloz: tha
viennles ar
prolaldy
r!'i,-q-'uu"i:llvll.

The pul-
RUAEEE FERY o'
veln is oo
||_|'|'||'|! '.l.'1:.||
the plewrm,
with thie
intra-pul-
|III"|I.:|'|'I‘|'
H':I.Ill-l"\\'n-l'l-.',
and with
ihe poris
lobmlar

e e
It 18 peri-
'|l||l'111'||-u141-l‘1
gnstentacm-
lar, and
peerri-lo b
|:I-I', i'.'::ll|l['i
Buom b 1=
vasenlar
[unctions,
Tl puil-
LLLDELUHL LY
arbery 15 res
.‘:‘]'EI'1I"! fiw
the single
funetion of
respiration.
Strength of
wall sl
clastieity
are not o
:"\-'Il'il'llllllrc 5||
the small
pulmonary
artories :
they ave
FLLERVECE]
noticeablo
in the
Velns,

The lungs
\'E|'1‘|'-'1| =N
vasenlar
exiension
fron 1l
weark, anal
|'i||l'<':!|]|_'.'
from the
left awriclo,
The viina
viewsd

as liga-

menl=,

Tl pul-
LLLDELTELE I
Ill'll"l'.‘-' LI L}
'l,'l'_"l"\-i L IR
[ERLEY !l!l'\u"!1



but other-
Wise re-
sombles the
aorta ak
firsk.

Its smnller
brunches
differ from
other
arteries -
they have
thinner,
softer, loss
extensile
and clustic
walls,

The pul-
"II'“IIII'_\'
capillaries
'|'|'sq'|||hrr-
them mther
than tho
Virllng,

T '|||||_-
monary
artery is
pirely res-
piratory in

Tumetion.

It iz less
independ.
ent i 1ts
COUrse,

It has no
companion
veins,

Tt doez not
anasio-
NHRCEE,

Dhirect ro-
Intion of
the pulmo-
nary veing
to tho
heart.

Ehyilimical
contrmc.
ticm.

Euarly aub.
division,

Very wida
angles of
diverrenons
of its
branches.

178 THE BRONCHI AND PULMONARY BLOOD-VESSELS,

arterial in its structure and surroundings.  Its origin from the right ventricle
and its close resemblance to the aorta leave, on this point, no room for
doubt. Nevertheless, it differs slightly from other arteries in the behaviour
of its smaller branches. Its ramifications become intimately associated with
the air-tubes; and, leaning upon them for lateral support, they appear to the
naked eye to lose thickness of walls at an unusually rapid rate. Not only
are the smaller branches thinner, they also seem to be of slightly softer
texture, less extensile, and less elastic than systemic arteries.

In connection with this observation special interest attaches to the well-
known fact that the pulmonary capillaries are unusually delicate, and narrow.
These features would seem to point to their being structurally more closely
allied to the pulmonary arterioles than to the venules.

In its distribution the pulmonary artery presents other peculiarities which
distinguish it from systemie arteries :

(1) It is exclusively devoted to the respiratory function: its branches
possess no other destination but the respiratory tissue; and the structures at
the root of the lung, the pulmonary stroma, the pleura, and the bronchi
(with the exception of the respiratory bronchioles) all remain outside the
sphere of their distribution.

(2) In becoming closely associated with the bronchi, it loses that inde-
pendence which is common to most arteries, except the nutrient arteries of
bone,

(3) In its systematic dissociation from the veins to which it corresponds,
it departs from the usual arterial type.

(4) Lastly, unlike the majority of systemic arteries, from its origin to
its termination it presents no anastomoses.

F.—DIFFERENCES BETWEEN THE PULMONARY AND THE SYSTEMIC VEINS.

The pulmonary veins stand in a more direct relation to the heart than
any other veins except the cardiae veins., The four main pulmonary venous
trunks are in effect diverticula from the cavity of the left auricle, and take a
share in its rhythmical contractions, being supplied with a coat of cardiac
striated fibres,

In contrast with the pulmonary artery, which loops round into the
pulmonary root, and whose breaking up is long delayed, the pulmounary
veins, whilst still within the root, succeed in providing a complete set of
diverging branches destined for the various parts of the lung. But in
eflecting this, the veins loge the appearances commdn to most systemic veins
when undergoing division. Their general arrangement distantly resembles
the divergence between the fingers of an outstretched hand. The radiating
lines along which they extend to every point of the periphery meet centrally,
close to the auricle, in the two short pulmonary veins on either side of the
heart,
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In their subsequent distribution the pulmonary veins assert the same
tendeney to early and wide-spreading ramification, in striking contrast to the
behaviour of the arteries which are restricted to the rigid system of lobular
distribution and of dichotomy.

The great length and the independent position thus assumed by veins of
comparatively small calibre necessitate in them greater thickness and tough-
ness than belong to most veins.  In the possession of these qualities they
may even be said to ont-strip the arterial branches of corresponding size.

Yet more striking are their capacity for extension under linear traction,
conpled with great resistance to ultimate disraption, and their remarkalle
power of recoil.

The pulmonary veins do not anastomose during their course from the
periphery to the root of the lung; but anastomoses oceur between their
smaller branches in the peripheral districts ; and in this manner a connection
is established between neighbouring lobules, the arterial supply to which is
absolutely distinet.

“In addition to this, during their intermediate course, and even within the
zone of their secondary divisions they wndergo extensive Jateral branchings,
and these place in communication large pulmonary districts which are con-
tiguous, but otherwise separate.

Morcover it should be remembered that the bronchial venules (corresponding
to bronchi smaller than those of third and fourth order: Sappey, loc. cif.. p.
456) empty themselves into the pulmonary veins as well as the pulmonary
venules derived from the lobules of the lung.

All these circumstances render it highly probable that the pulmeonary yeins
act not only as a medinm of vascular connection, but as important factors in
binding together the different districts of the lung and the different com-
ponents of its tissue,

The move definite points of contrast between the pulmonary and the
systemic veins may be summed up as follows:

(1) The pulmonary veins possess no valves.

(2) They do not accompany the arteries, but almost invariably keep at a
distance from them.

(3) They are single, most probably not exceeding in number the
pulmonary arteries, but in many situations appearing to be fewer than these,
inasmuch as one peripheral venule often receives blood from two or more
neighbonring arterioles,

(4) Their total capacity was considered by Winslow, by Santorini, by
Haller and others (see Quain, vol. ii. p. 278, 1876) to be less than that of
the corresponding arteries, instead of greater,

(5) Alone among veins they convey to the heart arterial blood. They
derive their blood from two sets of capillaries which are in vasenlar connection
respectively with the right and with the left ventricle, and which respectively
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contain blood described as arterial and venous, It is obvions however that
the ordinary meaning of the word venous cannot be applied to that portion of
the bronchial blood which has been almost in direct contact with an abundant
stream of air in the smaller bronchioles. Any contamination arising from
the bronchial venous blood is both slight in extent and limited in kind,
muech earbonic anhydride not being included in its impurities,

(6) The pulmenary veins at their origin are contractile,

(7) The scheme of their distribotion and the mechanism of their cirenla-
tion are different from those of the veins of any other organ.
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DISTRIBUTION OF THE RIGHT PULMONARY ARTERY,

BROAD SKETCH OF THE RIGHT PULMONARY ARTERY
AND OF ITS GREAT DIVISIONS
WITHIN THE LUNG.

The Extra-pulmonary Portion of the right pulmonary arvtery is Lougexim.
longer than the corresponding portion of the left pulmonary artery, owing :I'I'_'Ll_:'i:'l'l'l'_”"-"
to the common pubmonary artery being entirely to the left side of the middle

line. It is crossed in front by the first portion of the aorta. In direction Roation to
it is nearly horizontal. Immediately before entering the lung, the artery is &0
situated behind the SUPETIOr vena cava,

As it enters the Lung it lies in front of the bronchus intermeding lute.
and of the cardiac or middle lobar bronchus, being in immediate contact with E":l':,:,"n
the latter. At this stage it presents a very slight obliquity upwards ; and
it divides, whilst still in front of the bronchi into an ascending and into o Isasceud.
descending portion for the upper lobe and for the lower lobes respectively, Lff,".',,','f;':,t._.'l"'
Before 1ts l_'|.'[1.'i51'||_+ll.L it ]ii's ilnuu}:]i:lfu-i:f above the :-;|1|1-|-rint' i]I[]HIHH:II':I,' 1.'u-h]_. '“"'F'“:'.‘""-
which UC*.:II[J"H‘H o 3|ight]}' anterior lﬂunu'; but the internal ascending hranch ti,'r,"];',ff,',':*f
of the latter passes vertically in front of the termination of the main arterial
trunk, It is behind this vein that arise the upper lobar pulmonary artery
and the inferior axillary trunk.

Chief Branches, and their Directions.—Whilst the pectori-apical The pec.
pulmonary artery ascends in front of the upper lobar bronchus, to the inner :;:l.';:,'.,':'_""‘
side of the apical trunk, delivering on its way the pectoral artery. and whilst A
the inferior axillary pulmonary artery very slantingly approaches from below 1E'."|“;."'.“' F
the district of the same name, the descending division, which may le e
regarded as the continuation of the main artery, pursues an outward and Desecud-
downward course, at a level slightly beneath that of the horizontally placed 1.::1.‘,'.[1
pectoral stem of the upper lobar bronchus.  The artery is here in close con- 1%
neetion with important air-tubes and blood-vessels. Immediately in front is
the superior pulmonary vein tending upwards and outwards in a direction
almost at right angles to that of the artery. Behind is that portion of the Tt impot.
continuation of the main bronchus which we have termed the intermediate ;"i'.'lj;"“‘
bronchus ; and, a little lower down, the two bronchi into which the inter-

mediate bronchus divides. Of these the inferior lobar bronchus remains
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posterior to the artery, and the cardiac or middle lobar bronchus is slightly
internal as well as posterior to it. In this portion of its course the descending
artery, retaining some of the outward tendenecy which enabled it to cross the
bronchus, is not yet quite parallel with the latter.

Descending Trunk.—Bechind the oblique lower border of the supe-
rior pulmonary vein, the descending artery undergoes a slight downward
bend which renders it thenceforth parallel to the lower lobar bronchus, and
it wrives rise to three trunks :

(1} A middle, descending trunk ;

(2) An outer, posterior-horizontal trunk ;

(3) An anterior and inner, almost horizontal, but slightly descending
trunk.

OFf these divisions the first is the downwards continuation of the inferior
lobar pulmonary artery, from which the other two arise almost in the shape
of uplifted wings. The cardiac, or middle lobar artery, is the anterior
division ;—~the other division has already been named.

The Arteries of the Base.—Greatly diminished as a result of its
branching, the descending or inferior pulmonary artery continues its course
in anterior contact with the inferior lobar stem. It gradually becomes
slightly external to it, and distributes a retro-cardiac, an anterior-basic, and
an inferior dorsal branch. Finally, it divides into an axillary-basic and
a posterior-basic trunk. The former preserves its anterior and outer rela-
tion to the bronchus, The latter becomes at once posterior, and in this
relation its branches accompany the branches of the bronchial trunk to
their termination.

DETAILED ACCOUNT OF THE DISTRIBUTION OF THE
RIGHT PULMONARY ARTERY.

ARTERIAL SUPPLY TO THE UPPER LOBE.

The Right Upper Lobe is supplied with venous blood by three large
arterial trunks, which are analogous to the three great divisions of the upper
lobar bromchus. The names proposed for them are, * ascending-apical
artery ;7 “ pectoral artery;” and ¢ inferior or ascending axillary artery.”
These arteries become associated with the bronehi respectively bearing the
same names. In this respect the arrangement is constant; but in other
particulars variations oecur,

The Size of the arterial trunks is apt to vary in accordance with differ-
ences in the mode of supply of peripheral districts, a peripheral district
equally distant from two trunks being sometimes supplied by one, and some-
times by the other,
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In the Mode of Origin also abnormalities are seen. According to
the usual arrangement a large pectori-apical trunk originates from the upper
surface of the right pulmonary artery immediately after its entrance into the
lung, namely from that part which may be called the transverse portion, and
from this trunk or from the transverse portion just external to it, arises the
inferior axillary artery. The latter arrangement obtains in the specimen
depicted in figs. 19 and 20.  But in the preparation represented in figs. 15
and 16, the three arteries have distinet origing, the first two arising side by
gide, and the inferior axillary, which is unusually large, springing from the
extremity of the transverse portion just before its downward bend.  From a
comparison with other dissections, the arrangement last mentioned appears
to be abnormal. In the following deseription we shall adhere to the first
type.

Tae Ricat PECTORI-APICAL ARTERY AXD ITS BRANCHES.

The Pectori-apical Artery rises vertically behind the inner ascend-
ing trunk of the superior pulmonary vein, but owing to the inward swerving
of the latter, the artery quickly becomes a little external as well as posterior
to the vein. 1t is in contact posteriorly with the horizontal upper lobar
bronchus, and externally with the origin of the inferior axillary artery. a
vessel to which it may give origin,  The pectori-apical trunk is a very short
one, and divides almost immediately into the pectoral and the ascending-
apical trunks,

Distribution of the Pectoral drtery,

The Pectoral Artery. when arising from a common trunk with the
ascending apical, is divected from the first ountwards and forwards, In
specimens where the pectoral artery independently arises from the transverse
portion of the pulmonary artery the direction is at first upwards, Imme-
ﬂiuh-l}' before 1‘:‘-.;1(:||iug the 111_=I§_:'11'|Jl_ml']mf_:c-|. of the 'I]l"l_'“,bl':lrl sten. to which 1
is slightly superior, it divides into an outer and an inner trunk, respectively
termed the mid-pectoral and the sterno-pectoral artery.

In the situation and relations of the main arterial trunk is foreshadowed
the behaviour of most of its branches, They lie above and on the inner
aspect of the air-tubes to which they ave attached. To this rule there are
two exeeptions which will be presently mentioned.

The Mid-pectoral Artery passes outwards across and above the
pectoral stem, immediately behind its bifurcation, and applies itself to
the upper surface of the mid-pectoral bronchus. But the branch destined
for the onter and inferior division of this bronchus reaches the air-tube from
the outer side, having obliquely crossed the mid-pectoral bronchns.  With
this exception the arterial branches are internal as well as superior to the
bronchial.

ansl b
""rji"":“'

Pecior-
apicnl

trunk.

Poctoral
artery,

L --'u-lin:__{-
apical

trunk,

!:I'I'l'lr.ll
arlery,
J

Miad-poiee-
taaral,
Slermm-
'||-'|'h|-|';qt
arteries.

[Tsmal
relation (o
o,

Mid-pse-
toral ariery.

l
I

1
|



B b =
precioral
artery.
znal
relation

to bronchi,

lielation of
=l.~l:l'LLlli|I:T"
axillary-
.'|.|I-il":L|
ariery,

Lelations
of arteries
and bronehi
within the
apex.

Tuternal
ascending
pulmonary
vilin,

Thivee

parullel
vertical
viessols,

Oiprigrin of
suprerior
axil Iil|';|.'
artery.

:‘;Itlll'l'jill'
axillary=
trunk,
lizkiaane
tevmned ;

| T |'n.;1l1|'-
eal artery,
PFostevior
axillary-
I'ljlil'ill
artery :
I.llr:ilil.'|'i|_t|_L
and
internal fo
]J'L'n-tu_'l'[i_
Bupri-
spinate
pulime ATy
:it'1.-'|':|.',

Tizs bran-
chies are

184 THE BRONCHI AND PULMONARY BLOOD-VESSELS.

The Sterno-pectoral Artery divides into branches which apply
themselves to as many bronchial tubes. Each artery adheres to the inner
aspect of the corresponding bronchus. A slight deviation from this rule is
observed in the case of the inner pectoral artery, which courses strictly along
the upper surface of the air-tube and follows also in its ramifications the
upper bronchial border,

Distributivn of the Right Adscending-opical, or Avillavy-apical, ditery.

The Ascending-apical Artery follows the course and the distribution
of the ascending-apical bronchus, to which it is internal and very shightly
posterior.  The posterior relation of the artery to the bronchus becomes more
marked at a higher level, the inclination of the bronchus being slightly
forward, that of the artery strictly vertical.

It results from this arrangement that the arterial branches are not only
internal but posterior to the bronchial branches throughout the apical distri-
bution ; and further that the lateral arterial branches pass behind and never
in front of any vertical bronchial tubes; and lastly that in any branchings
occurring horizontally the artery would be posterior and superior to the
bronchus.

The internal ascending pulmonary vein which was at first situated in front
of the pectori-apical artery, has, in its upward course, curved backwards, and
now approaches the inner side of the ascending apical artery, being but
slightly anterior to it.

Thus, rising from the upper border of the pulmonary root, and within one
transverse plane, is seen a row of three parallel and uuntigumns vessels :—a
pulmonary vein, innermost; a pulmonary artery in the middle; and the
pectori-apical bronchus externally.

The Bifurcation of the ascending axillary-apical artery into apical
artery and superior axillary artery takes place at a higher level than the
bronchial bifurcation,

The superior axillary arterial trank is, in consequence, separated by a
considerable vertical distance from the fivst part of the axillary bronchial stem,
and has much less obliquity upwards than this bronchus. It should not be
mistaken for an exact vascular equivalent of the latter. Its distribution is
entirely restricted to the posterior apical bronehial distriet. It may therefore
with propriety be termed the retro-apical artery.

The Retro-apical Artery, taking its course outwards, and very slightly
backwards and upwards. delivers, before joining the retro-axillary bronchus,
the ascending Posterior Axillary-apical Artery, which accompanies the
bronchus of the same name and all its branches along their inner and posterior
aspect, and the almost horizontal Supra-spinate Pulmonary Artery.
The latter, passing behind the posterior axillary-apical bronchus, oains access
to the l‘rl.hr.li'i:'l‘il:]t‘ and upper border of the ,‘-}I_llll'ﬂ.—lﬁl}ilﬁlt ¢ bronchus. Its branches
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accompany the divisions of the bronchus, preserving throughout the same
anatomical relation to them.

Distribution of the Right Pulmonary Advillary Avtery.

The Pulmonary Axillary Artery may be of smaller or of larger size
than the retro-apical artery, according to the share which it takes in the
arterial supply to the axillary bronchial district. Usually being restricted to
the supply of the lower portion of that district, it is of smaller diameter and
it occupies an anterior plane.  Its main level is abont 3 em. lower than that
of the retro-apical artery. The pulmonary axillary artery takes its origin by
the side of the pectori-apical arterial stem, from the upper surface of the
transverse portion of the pulmonary artery. Passing upwards and outwards
beneath the pectori-apical bronchus (a lymphatic gland intervening between
them), it is received in the angle formed by the bifurcation of the superior
pulmonary vein into the ascending apical vein and into the posteriorly placed
superior dorsal vein. Beyond the fork thus produced it approaches by
degrees the under and posterior surface of the axillary trunk, which it joins
nearly at the point of bifurcation of that bronchus. The artery bifureates
behind the bronehus, and its branches arve posterior and inferior to the air-
tubes as far as their termination.  In the diagram (fig. 17) and in the chromo-
lithographed diagram one of its branches is erroneounsly depicted in front of
the corresponding air-tube ; and in addition an interval occurs between the
vessels and the bronehi which does not exist in the specimens,

Variation in Origin and Distribution.—Whenever the pulmonary
axillary artery acquires greater development than the superior :1.‘&1”:13'}' trunk,
this is due to its undertaking the partial snpply of the retro-axillary bronehial
district. It may even (as in fig. 16, square G iv) entirely supersede the
superior axillary artery.  In this case it forms the posterior division of a short
arterial trunk (square G v) which avises from the transverse portion of the
pulmonary artery close to the beginning of the descending portion, This
short ascending trunk, not found in other specimens, bifurcates into an inner
posterior division, or retro-axillary trunk and an outer anterior division or
pulmonary axillary trunk.

The short common axillary pulmonary trunk, when present, forms the
upper arm of a complete arterial eross the long arm of which is represented
by the descending pulmonary artery, the anterior arm by the cardiac artery
and the posterior arm by the posterior-horizontal artery,

The Relations of the arterial branches to the air-tubes differ in the two
districts. "The superior axillary trank, or retro-apical artery approaches the
corresponding bronchi from the inner gide ; its branches remain internal to
the latter. In their vertical portions they become anterior and in their hovi-
zontal portions, superior to the hronchi which they accompany.*  The same

* This relation is not accurately shown in the diagrams,
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tendency is also observed in the distribution of a retro-axillary artery origi-
nating abnormally from the transverse portion of the pulmonary artery.

Un the contrary the pulmonary axillary arterial branches, which Imrmnl]y
join their bronchi from the outer side and from below, become posterior as
well as inferior to the latter,

ARTERIAL SUPPLY TO THE RIGHT MIDDLE LOBE.

From what has preceded it is clear that the rising inferior pulmonary
vein and the descending pulmonary artery are in contact in front of the
intermediate bronchus and of the beginning of the middle and inferior lobar
bronchi. Inasmuch as the vein is in this situation nearly horizontal in direc-
tion (although in the diagrams it appears to ascend), and inasmuch as the
descending pulmonary artery sends ont two almost horizontal lateral branches,
the surface of contact between the two sets of veszels is much extended, and
the line of contact is almost horizontal. This line exactly corresponds to that
of the short or middle interlobar fissure which joins at its posterior extremity
the great fissure. The two vessels are thus respectively covered by the upper
and by the lower layer of the septal fold of the plenra. Under a different
name the same fold may be traced posteriorly into the longitudinal fissure as
far as the posterior surface of the intermediate bronchus,

The Cardiac or Middle Lobar Pulmonary Artery originates at a
slightly lower level than the cardiac bronchus, which, in its beginning, is
covered by the transverse portion of the pulmonary artery and by the cbliquely
ascending superior pulmonary vein in front of the latter. The origin of the
cardiac artery is sitnated exactly below the vein.

The arterial branchings faithfully corvespond with those of the bronchus,
lying above the latter, and slightly external to them, in contrast with the
sterno-pectoral arterial supply, which is inferior and internal to the air-tubes.
The distribution in question is readily seen in figs. 15 and 19 and in the
diagrams.

ARTERIAL SUPPLY TO THE RIGHT LOWER LOEE.

Owing to the great obliquity of its upper surface, the lower lobe, in its
posterior part, attains a higher level than the middle lobe, and its first
arterial trunk, the posterior-horizontal artery, is fractionally higher than the
cardiac artery.

Tue RicaT DESCEXDING PULMOXARY ARTERY AND 1TS BRANCHES,

The Descending Pulmonary Artery is the sole source of venous
blood for the lower lobe.  From the point where its transverse portion comes
to an end, at the bottom of the transverse fissure, the artery takes a direction
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downwards, outwards, and slightly backwards almost coineiding with that of
the inferior lobar bronchial stem. Want of parallelism between the two tubes
ocenrs only in the lower half of the lower lobe. Here the pulmenary ariery
becomes more and more external instead of anterior to the bronchus, and
finally, in the posterior-basic division, entirely posterior to if.

The Branches of the descending pulmonary artery, enumerated from
above downwards, are: (1) The posterior-horizontal artery ;. (2 and 3), arising
by a common trunk of origin, the retro-cardiac and the antervior-basic arterics ;
(4) the lesser posterior-horizontal ; (5) the axillary-basic and (6) the posterior-
basic artery.

Distribution of the Right Posterior-hovizontal Advtery.

The Posterior-horizontal Artery is true to iis name, and diverges
horizontally backwards and outwards from the external and posterior aspect
of the pulmonary artery at the point where the latter bends downwards,  1i
therefore continues the level, although not the direction, of the transverse
portion of the trunk. It is situated exactly opposite the cardiac artery which
takes its origin from the anterior and inner side of the large artery at its
bend, with an obliquity downwards and forwards.

The stout horizontal trunk, measuring in length from 25 to 3 em. finds
itself placed in frout of, and at a higher level than the bronchus with which
it is associated. It bifurcates almost immediately into a swaller posteior and
a larger lateral division,

The Vertical Descending Mid-dorsal Artery, a short trunk for the
supply of the middle thivd of the vertelwal horder of the lung, takes at first
a horizontal direction backwards, and crossing from above the posterior-hori-
zontal bronchus attaches itself to the upper surface of the air-tube to which it
belongs. It ultimately descends along the vertebral border of the latter. The
artery in its course gives a branch upwards which accompanies the vertical
ascending mid-dorsal bronchus.

The Larger, Lateral Division may be regarded as the continuation of

the posterior-horizontal artery, of which it maintains the divection for a short
distance. Before it has acquired a length of 2 em., it hifurcates horizontally
into a posterior and a leferal trunk, destined respectively for the :-'llh-.‘iﬂ:'llml.'l‘;'
and for the mid-axillary districts of the bronchial tree,

The posterior, or I-Iurlzuntal Mid-dorsal Artery passes horvizontally
backwards and outwards to the angle formed by the horizontal mid-dorsal,
and by the ascending obligue dor ‘-"Li bronchus ; and bifurcating within the
bronchial bifurcation, it supplies companion arteries to the opposite sides of
the two air-tubes; these arteries gradually become posterior,

The Lateral or Mid-axillary Posterior-horizontal Trunk
joins the bronchus of the same name and follows its divisions, remaining
throughout superior, and sometimes becoming anterior to the hronchial tubes,
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Distributions of the Right Lesser Posterior-horizontal, Retro-cardiae,

and Fasie Avieries.

The Retro-cardiac and the Anterior-basic Arteries arise hy
a common short trunk situated half~way between, and a little externally,
as well as anteriorly to, the two bronchial origing. In this situation it bi-
furcates ; and the two arteries, diverging equally from the perpendicular
direction of their common trunk, apply themselves to the anterior and ex-
ternal aspect of the corresponding bronchi, for the ramifications of which
they supply arterial branches preserving to the end the same relation.

The Lesser Posterior-horizontal Artery.—This is a stout hori-
zontal vessel, which arises a very short distance below the level of the
preceding trunk, and distributes its branches in contact with the upper
wall of the corresponding bronchial tubes.

The Axillary-basic Artery.— Of the two terminal divisicns of the
descending pulmonary artery the axillary-basic is the more direct continuation
of the arterial trunk ;—but in size it is much inferior to the posterior-basic. It
1s, at its origin, superior, and it becomes also anterior to the axillary-basic
bronchus,  Its divisions remain throughout the distribution anterior to the
bronchi which they accompany.

The Posterior-basic Artery represents the lowest as well as the
maost E:i_‘r!-_f.h_-.rif_n‘ extension of the I:I[immml‘_}-' artery. It departs from the
lateral position previously occupied by the arterial trunk, and becomes pos-
terior to its accompanying bronchial tubes. This is an important peculiarity,
which readily distingunishes the posterior-basic distribution from that of other
basic arteries.  There is however one exception to the posterior position
assumed by the arterial branches:

The Lateral Dorsi-basic Artery passes in front of the correspond-
ing bronchus. But its branches ultimately show a tendency to become
posterior.
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DRAWING FROM A METALLIC CAST OF THE BRoxcHI, PULMOXARY ARTERIES AXD PULMONARY VEINS—OBTAIXED IX A
BOMEWHAT OBESE, FEMALE SUBJECT; ISOLATED BY DISSECTION. (I figs. 19 and 20,)
FroxT VIEW, FHROM THE RIGHT.

(The side of each square represents 20 mm.)

EXPLANATION OF THE DRAWING.

Many peripheral tubes are soft and twisted, not having been filled with metal. The left auricle is distorted from pressure of
injection. Below the auricle, on either side of the aorta, a strip of pleura indicates the line of reflection of the membrane ; above
it, part of the aorta, of the common pulmonary A. and of the superior V. cava are in view.

LeErT Luxd.

In square ¥ vj, the lower division of the left superior pulmonary V. gives rise to the pectoral veins (line v) as well as to the superior
and inferior cardiae veins; the veins ocenpying the interspaces below the corresponding bronehi.

In square F vij, the three left basm veins separate the anterior-basic bronchi above (arteries superior) from the pnstcnor—hasm B. below
(arteries [?E}hh,.ﬂt}!}

[n squares F v and iv, to the inner side of the pectoral bronchi and arteries the superficial internal ascending pulmonary vein rizes
to supply the inner apex. A small portion of the transverse pulmonary V. is seen in middle of square F iv, in front of the
ascending-apical B,

Ricnr Lusa.

In the middle third the snperior pulmonary vein and the descending pulmonary artery are in close contact. In the unpper lobe
the veins are relatively more in view. In the middle and lower lobes the arteries to a great extent cover from the front and from
above the other structures, A eross-shaped division of the vessels ocours repeatedly in this specimen: e, at intersections E iv and
C iv, also at C v (large arterial cross).

Below the innominate artery are seen the sub-pleural sterno-pectoral V. ; at line iv, the pectoral arteries and bronehi; at line v,
the mid-sternal pectoral V.; at line vj, the cardiac arteries and bronchi (the ascending branch of the central cardiac V.
separating their two sets ab point D vi).

Along line D, erossed by line iij, are grouped the ascending-apical artery, bromchus, and V.—and below line iv rises the ascending
mid-pectoral V,

At junction C iv the axillary-pectoral V. is seen in front of the axillary bronchus and artery, the divisions of which oceupy the external
portion of the upper lobe,

At junction € v, the horizontal vein appearing to belong to the middle lobe probably belongs to the upper. Below this vessel, the
prl.itul']'ul'-hurir.l‘ml:Ll artery, bronchus, and V, are easily found,

At junction ¢ vj the anterior-basic artery is seen below the eross-shaped mammary-cardiae A. It soon divides into its lateral anterior-
basie, and its eardio-basic trunk. The pointed termination of the latter is much anterior to the posterior-basic bronchi seen on
either side of it.

At junetion B vij the axillary-basic artery and bronchus appear below the lateral anterior-basic trunk.

At junction € vij a large venous trunk from the inferior pulmonary V. divides into its branches, anterior- and axillary-basie. The
retro-cardiac vesselz and bronchi are situated above the artist's subseription ; and externally to the same, in a posterior plane,
descends the posterior-basic vein,
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DISTRIBUTION OF THE LEFT PULMONARY ARTERY.

GENERAL REMarks ox THE Mone or IMsSTrRIBUTION OF THE LEFT
PULMONARY ARTERY.

Tue extra-pulmonary course of the left pulmonary artery has already been
deseribed.  Having risen in front of the left bronchus, and partly arched
over it, the artery enters the upper part of the root of the lung at its
posterior aspeet, with a direction forwards, outwards, and slightly downwards,

The supply to the apical region of the upper lobe is given at the higher
lovel reached |::g.‘ the artery, Hll]:ﬁer([th‘ilﬂ}‘ the diminished arterial trank
descends behind  the large bronchia, following a eourse to be hereafter
deseribed, and after supplying, at the upper level of the middle third of the
lung, the cardiac trunk, it terminates lower down in a manner similar to
that of the inferior lobar bronchus.

Inasmuch as the upper lobe does not receive its supply from a large
single trunk, analozons to the upper lobar bronchus, but from three trunks,
the lobar nomenclature is of less avail for purposes of deseription than in the
right lung, and we must adopt a regional nomenclature in its stead. The
apical, the pectoral, and the cardiac regions, each receiving a separate artery,
will be described in suecession.  Of these arteries, the two upper arise in
close proximity to each other; the third, at a eonsiderable distance further
down.

ARTERIAL SUFPPLY TO THE LEFT UPPER LOBE.
(Consult for the study of this distribution the diagrams 14 and 17 and figs, 16 and 20.)

A separate name need havdly be given to the broad. massive, Sessile
Trunk which serves as origin to the arteries of the apex (but which is
sometimes nothing more than a mere bulging of the wall of the pulmonary
artery). Indeed all appearances of a special trunk may be absent, and the
several vessels may orviginate separately and in close succession, from the
smooth convexity of the posterior part of the arch of the pulmonary artery,

When present the trunk is sitnated on the left side of the pulmonary
arch immediately bevond its downward bend. Tt is apt to display, in the
injected specimen, a transverse furrow, The upper and lower segments
defined by the latter, ave destined respectively for the supply of the pectoral
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region and of the inner-anterior group of apex-bronchi and for that of the

outer and posterior group.

ARTERIAL SUPPLY TO THE INNER axp CENTRAL DistrIiCT OF THE LEFT APEX.

THE LEFT PECTORI-APICAL TRUNK AND ITS APICAL BRANCHES.

Pectori- The superior segment of the sessile trunk, although it does not accom-
g pany the bronchus hearing that name, may be termed the pectori-apical
Ascending. arfery since it divides into the ascending-apical and pectoral trunks.
|t The direction of this important vessel is almost horizontally forwards and

|'="‘t[:"'=l1 clichtly ontwards and downwards. Its bifurcation occurs at the foot of the
trunk, o - .
ascending-apical bronchial trunk,

-
Distribution of the Left Ascending-apical Trunl:.
Ascending- The Ascending-apical Trunk, the larger of the two branches of
l'f::,,il[ bifurcation, rises into the apex with a direction upwards and forwards, and

adheres to the posterior and inner side of the ascending-apical bronchus. 1t
divides in faithful imitation of the bronchus, and its divisions follow the
inner side of the bronchial branches.
dnteclin The Anterior Ascending-apical Artery is, in its relations, ana-
:E“’fl'h“h logous to the veseel of the same name in the right lung; but, instead of
artery. lying tolerably close to the onter wall of the trachea, it is separated from it
by the aggregate thickness of the trunk of the left pulmonary artery, of the
aortic arch, and of the subclavian artery.
1is The artery moves for a short distance forwards, in order to reach the
divisions  inmer border of the corresponding bronchus, which it approaches from behind.

"’L’"‘?*"‘li' As it rises, it becomes strictly internal to the bronchus, and in its upper
T S L o)

slightly  divisions slightly anterior to the corresponding bronchial branches.
anterion 5 - = : = * =
;:I-:t:-l;ilnr The Posterior Ascending-apical Artery is situated almost imme-

ascendivg- diately Lehind the posterior ascending-apical bronchus, and its smaller branches
.:IIIH']L

artery,  preserve the same name and assume the same direction as the bronchus,
Tts accompanying its divisions from beliind.,

divisions & i

:‘t1'|'|-|r.-C-

ferionr.

ARTERIAL SurpLyY To THE POSTERIOR AND QuTEr IMSTRICT
oF THE LErr Arex.

Tue LEFT AXILLARY PULMONARY ARTERY.

Posterior The Left Axillary Pulmonary Artery arises from the lower
l:f"]'t segment of the sessile trunk and distributes branches within the posterior
from the — zone in which it originates. The posterior apical bronchus (from i_]le-
!:;..tt:;l;u'.m-g.- posterior axillary stem) and the other branches of the axillary stem receive
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their attendant arteries from this source. 'The arterial hranches remain in
contact with the inner posterior side of the bronchial divisions,

Summary.—What has been said eoncerning the arterial distribution
to the left apex may be briefly summed up as follows :

The arteries avise at a higher level than the bronehi, and posteriorly and
internally to the latter.

They generally preserve a posterior relation to the air-tubes.  Some of
the outward branches become external to the bronchial ramifications. Dot
the majority of the arteries are internal as well as posterior,

There is however one 1‘,‘{{_‘1"][5[]"_ to the otherwise constant rule as to the
posterior position of the arteries:

The Outer Ascending-apical Artery, a branch of small size,
arizes from the ]lulmi_'rll:u‘:l.' artery in]lm,-l].ialjv];..' below the sessile truank, and
curving underneath the axillary bronchial stem (the interlobar branch of
which receives from it a posterior arteriole), reaches the anterior surface
of the outer ascending-apical bronchus, the distribution of which it accom-
panies.

The Pulmonary Veins.—It is the rule for pulmonary veins not to
oceur on the same side of bronchi as the arteries, and the wveins within
the left apex are almost exclusively anterior. The space in front of the
ascending bronchi is reserved for the distribution of the upper transverse pul-
monary vein. The posterior branches from this vein, reversing. the course
followed by the arteries, traverse the apex from before backwards, and thus
reach its posterior surface, to which they are distributed,

ARTERIAL SUPPLY TO THE LEFT PECTORAL DISTRICT.

The Pectoral Artery, almost equal to the ascending-apical, its
twin-vessel, continues the course of the pectori-apical trunk (ride SH g ),

The divection of this important artery is sagittal from behind forwards ;
and although some of its branches are deflected upwards or downwards, the

trunk is strictly horizontal.  Applying itself exactly to the upper snrface of -

the pectoral bronchus, the artery becomes anterior to the bronchi in all its
deseending divisions, and posterior to the bronehi in its ascending branches.
Some of the branches show an inclination towards the inner side, others to-
wards the onter side of the corresponding bronchial tubes, -

In the injected specimen the artery oceupies a conspicuous position, hut
its origin is anteriorly hidden by the rising trunk of the mid-apical pul-
monary vein 5 and the transverse-apical vein (from which the latter oricin-
ates) lies across its first part, I

Having emerged from behind the vein, the artery comes well info view
from the front, and assumes a slightly ascending direction, It bifurcates
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