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'SURGICAL ANATOMY OF THE~BRA

THE

AXILLARY LYMPHATIC GLANDS, Ktc.

TrroUGH the kindness and courtesy of the Surgical Staffs of the
Edinburgh Royal Infirmary and of Chalmers Hospital in supplying
me with material, I have, during the past two years, examined over
a hundred breasts excised for various diseased conditions, Almost
withot exception these have been subjected to a careful mieroscopic
as well as macroscopic examination. With such a wealth of
material, so generously placed at my disposal, I feel that I incur
considerable responsibility, in that it is my duty to give some
account of the observations I have had such a favourable oppor-
tunity of making. This T have endeavoured to do, firstly, in the
Surgical Prize Essay, Royal College of Surgeons of Edinburgh
1891, and subsequently at a special meeting of the Edinburgh
Medico-Chirurgical Society in January of this year, when I gave a
lime-light demonstration of a series of Photomicrographs (made by
Mr Andrew Pringle of London) from preparations I had made to
illustrate some further observations regarding the pathology and
treatment of carcinoma of the breast. Lantern slides were also
shown of photographs of drawings of naked-eye specimens
(prepared by what will presently be described as the nitric acid
method) illustrating the surgical anatomy of the organ. T desire
especially to thank Professor Chiene for so liberally providing the
surgical laboratory with whatever was necessary to carry out the
work, and for the interest he has taken in it.

A knowledge of the pathology and morbid anatomy of the
Mmamma 1s essential to the correct diagnosis and successful
tI'EE.tLI:.IEﬂt of its numerous diseases. As regards the breast, it is
€specially important to possess a proper conception of its anatomy
under various conditions, in order to understand its pathology and
adopt a satisfactory mode of treatment.

The descriptions of the mamma which are to be found in our

works on anatomy do not appear to me to meet the requirements
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3. Wash in running water to remove the acid.

4, Place in undiluted methylated spirit.

The rationalé of this treatment is that the nitric acid renders all
the tissues, except the fat, opaque white, due to coagulation of their °
albuminous constituents. By subsequently washing in water, the
connective tissue becomes translucent, homogeneous, and somewhat
gelatinous. Its consistence in bulk is firm, tough, and india-rubber
like. The parenchyma, on the other hand, remains more or less dull
grayish-white and opaque, due to coagulation of the more highly

~ albuminous epithelial cells. The fat is unaltered. Cancerous

tissue behaves in the same way as the parenchyma, and is rendered
even denser and more opaque; in very cellular cancers the tissue
resembles boiled white of egg, though of a grayish colour. The
characteristic arrangement of the parenchyma is generally sufficient
to distinguish it from the cancerous tissue.

For anatomieal and naked-eye purposes, it is best to place the
breast entire, or in thick slices, in the acid solution for twenty-four
hours to two or three days, renewing the solution night and
morning. By this means the acid penetrates the whole gland, which
is then to be washed in running water for twelve to twenty-four
hours. It should then be transferred to methylated spirit, which
becomes brown, and must be renewed three or four times before
it will remain uncoloured. In consequence of the firm and india-
rubber like consistence of the stroma, clean and smoothly cut
slices may readily be made through the organ; for this reason it is .
often better not to slice the breast until after it has been treated
with the acid. The great advantage which specimens so prepared
possess over ordinary spirit preparations is that the structural
differentiation which is produced remains permanent. Slices of
special interest may be preserved for museum purposes in spirit,
and partially embedded in plaster of Paris in flat earthenware jars,
covered with a glass circle. In cases of carcinoma, the relation of
the tumour to the breast, its exact limits, and the mode and extent
of its infiltrations, are clearly demonstrated. Excellent black and
white drawings may be made of the appearances, and afford the
only illustrations T have seen in which accurate detail and differ-
entiation of structure is shown. It is now a year ago since I first
mtroduced the method into Professor Chiene’s operating theatre,
and showed how it might with advantage be applied by the surgeon
at the time of operation. Aftér using the method for a few months,
Professor Chiene desired me to lay it before the American
Surgical Association held at Washington in September 1891,
where he brought it under the notice of Professor Dennis of New
York, who opened the disecussion on “ Recurrence of Cancer of the

reast.” Professor Dennis was good enough to make the com-
munication for me. Since then the method has been given a
thorough trial both in America and in Edinburgh, and has proved

of real practical value. It is employed at the operation in the
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kept in the acid longer than is necessary to produce merely a
surface reaction.

I now pass to consider the anatomy of the mamma from a
surgical point of view. ‘

The breast tissue consists of the following elements :—

1. The parenchyma or gland tissue proper.
~ 2, The stroma, or connective tissue framework, which supports
the parenchyma, and in which the bloodvessels, lymphatics, and

nerves ramify.
- 3. Fat in and around the stroma.

The relative proportions of these elements vary greatly, especi-
ally according to the age of the individual, and according as the
gland is, or has been functionally active. Collectively the various
constituents form an organ consisting of—

(a.) A central part or body (the “corpus mamme” of Heule!);
(b.) peripheral processes. ;

The mamma of an adult nullipara may be taken as the type of a
normal breast (Plate IL, figs. 1, 2, 3). In it the corpus mamme is
well defined, and upon this the size and external configuration of the
breast mainly depend. In shape it resembles very closely the
ordinary bun of the pastry-cook. Its anterior surface is convex,
but irregular, due to the processes which are given off from it.
The posterior surface is slightly concave and more regular. The
circumference is thick and well defined. If the organ be bisected
vertically through the nipple in any plane, the section of the corpus
mamme presents a more or less triangular appearance, with the apex
at the nipple, and the base separated from the subjacent muscle
by a ‘thin stratum of loose and delicate connective tissue. In the
fresh state the stroma is tough and compact, but flabby, and of a
homogeneous white appearance. The tissue of the nulliparous
gland is characterised by its compact arrangement, and this is due
to the small amount of fat which it contains and the close apposi-
tion of its coarse wavy fibres. Here and there an ordinary ecircum-
seribed adipose lobule, similar to that forming the subecutaneous
fat, may be detected, but the more extensive admixture of fat
throughout the stroma, such as is met with in multiparous
breasts, does not occur. Under the nipple and areola the stroma
contains no fat whatever ; its fibres are loosely arranged, and allow of
free mobility of the nipple, as well as of distension of the lactiferous
sinuses during lactation. On close inspection, the lobules of
the parenchyma may with difficulty be detected in the form of
1ore translucent, grayish sago-like grains. In spirit preparations,
the breast tissue is quite homogeneous, so that the parenchyma can-
not be distinguished from the stroma. In nitrie acid preparations
the opaque, grayish-white parenchyma stands out in bold relief in
the translucent stroma, so that its amount and arrangement can
readily be studied. The ducts appear as white lines. They are

! Anatomie des Menschen, Bd. ii. p, 549.
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mammary tissue. As a matter of fact, however, thg microscope
reveals the presence of outlying gland lobules, extending from the
corpus mamiunag into the retro-mammary tissue, up to and between
the layers of the pectoral fascia. In order, therefore, to remove
all the parenchyma, the retro-mammary tissue and pectoral fascia as
well as the breast must be carefully dissected off the muscle.
Beyond the limits of the parenchyma the stroma of the peripheral
processes becomes directly continuous with the connective tissue
framework of the circum-mammary fat.

The reticular arrangement, of the peripheral part of the gland is
not difficult to understand, when we consider that the organ is
developed by a process of continuous centrifugal budding into the
subcutaneous tissue from embryonic epithelial invasions derived
from the epidermis. As early as the seventh or eighth week of feetal
life,a superficial mammary area is differentiated through the invasion
of the mesoblastic tissue by a solid hemispherical clump of
epithelial cells produced by proliferation of the cutaneous epiblast.
At the twelfth week this primary epithelial invasion begins to send
downwards secondary epithelial columns equal in number to the
main lactiferous ducts and lobes of the future adult gland, By the
sixth month these columns have penetrated almost up to the
rudimentary pectoral muscle, and are slightly branched at their
extremities. They are imbedded in a well-developed fibrous stroma,
which is surrounded by the developing fat lobules of the
subecutaneous tissue. The stroma is continuous below with a layer
of condensed fibrous tissue covering the pectoral muscle, and which
sends processes between its fascicult. During the later months of
intra-uterine life the primary epithelial invasion is flattened,
expanded, and cupped upon the surface, due to the horny trans-
formation and desquamation of its more superficial cells. The
secondary epithelial columns become channelled and more
branched. At birth the primary epithelial invasion forms the thin
epidermic covering of a circular and slightly depressed area which
represents the areola, under which plain muscular fibres have
already made their appearances. The nipple does not develop until
a few years after birth, and is due to a papillary upgrowth of the
cutis around the ducts. The rudimentary corpus mamme at
birth is a well-defined and somewhat rounded body intervening
between the cutis and the pectoral muscles, The parenchyma
consists of sparingly branched tubes or ducts which have not yet
furnished themselves with acini. The stroma consists of compact
coarse fibrous tissue surrounded by, but not mixed with fat lobules.
Connective tissue processes and lamelle radiate from the COrpus
Mmamme to become continuous with the fibrous capsules enclosing
the subcutaneous fat. From birth up to puberty the breast
remains in this primitive condition, and simply grows at the same
rate as the body generally. At puberty, in common with the rest
of the sexual apparatus, it takes on a sudden development, which

B
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generally wants the characteristic density and definition of outline
of scirrhus, and the rest of the breast often feels coarse and
knotty, from the existence of small cysts elsewhere.

As a result of the disappearance of the gland lobules after the
menopause the corpus mamme, in spare women, becomes reduced
to a more or less flattened plate-like structure, which is closely
related to the subjacent museles. The boundary-line between the
body and the peripheral processes is often difficult to define. The
peripheral processes are greatly narrowed and attenuated, until
finally they are reduced to mere threads of fibrous tissue ; they do
not, however, taper away uniformly, but possess irregular and
sometimes extensive thickenings at the nodes of the very irregular
network which they form. This condition is not due to irregular
atrophy of the parenchyma, but simply to variations in the relative
amount of stroma and fat at different parts. In women who
become obese after the menopause the breast tissue undergoes
such an extensive fatty transformation, that in spite of the very
large size of the organ very little fibrous tissue remains, except in
the vicinity of the nipple and areola ; the rest of the breast consists
of large lobules of a yellow, oily-looking fat, between which are
small irregular patches of fibrous tissue united into a very wide-
meshed network by narrow bands and lamell® in which small
ducts can here and there be seen. The gland acini have almost
completely disappeared. If such a breast be the seat of an
ordinary ecircumseribed carcinoma, the tumour on palpation
appears to be ill-defined, and about twice its actual size.

The surgical anatomy of the mamma would not be complete
without a reference to the retro-mammary tissue and pectoral
fascia; indeed, from the surgeon’s point of view these structures
are no less important than the breast itself, and should be looked
upon as part of it. In spare women the corpus mamms is
separated from the subjacent muscles by a thin layer of loosely
arranged, delicate connective tissue rich in elastic fibres ; the deeper
layers are more closely packed to constitute the pectoral fascia
proper, which is very thin, and gives off processes which penetrate
between the fasciculi of the pectoral muscle. The presence in this
retro-mammary tissue and pectoral fascia of outlying lobules of
the parenchyma has already been referred to. No separation
can be made with the knife through this loose areolar tissue
without tI_le risk of leaving behind lobules of parenchyma. In
obese subjects the retro-mammary tissue is laden with fat, which
forms a thick layer separating the corpus mammsg from the
subjacent muscles. The fascia in such cases is so thin as scarcely
to be recognised,

The lymphatics of the breast are important alike to the surgeon
and pathologist. Within the gland itself they are too small to
admit of a dissection, and as they are usually collapsed in normal
histological preparations, they cannot be satisfactorily studied,
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formed merely by the connective tissue surrounding the lacti-
ferous duct. The duct itself may be more or less compressed and
altered in outline, but the epithelium lining it is generally quite
normal. An atrophic cancer situated close under the nipple is
liable to give rise to that form of secondary infiltration of the skin
which Velpeau termed “cancer en cwirasse.” 'The association of
the two conditions is acecounted for by the readiness with which
the cancer cells may gain access to the cutaneous lymphatics of the

- nipple and surrounding skin through their continuity with the

sub-areolar plexus.

Besides the lymphatics which are closely related to the
parenchyma, there are other intra-mammary lymphaties, which,
while anastomosing with the perilobular and periductal lym-
phatics, are more closely associated in their distribution with
the bloodvessels, which, as regards the mamma, do not run
in company with  the duets. If the tissue be carefully
fixed, hardened, and sectioned by the paraffin process, these
lymphatics when not empty and collapsed may be identified, and
their structure as well as contents studied. Their structure is
exceedingly simple, consisting merely of a continuous layer of
endothelium, planted directly upon the unmodified connective
tissue stroma which surrounds and supports the bloodvessels they
accompany. I have never seen, within the mamma itself, lym-
phatics which possessed definite walls containing muscular fibres.
The larger bloodvessels are accompanied by two or sometimes
more lymphatics occupying their sheaths. When accompanying
small vessels and arterioles they are usually single, of a much
greater calibre than the artery, and in transverse section are often
seen to surround it almost completely. In other instances
the arteriole occupies the centre of a large perivascular lymph
sheath, No doubt in the majority of cases the lymphatics in
histological preparations are empty and collapsed ; such as are not
80, however, contain a delicate fibrinous coagulum, either alone or
with a few leucocytes. When cancerous, they are generally filled
and distended with cancer cells, which may or may not have
invaded their walls and involved the surrounding tissue.
Occasionally one may observe a lymphatic of large calibre,
which is patent, containing only a few cancer cells which
appear to have been floating along with the lymph stream. In
such a condition the endothelial lining of the lymphatic is very
distinet and quite normal. I have never seen any appearances
which indicate that the endothelium of cancerous lymphaties in
any way participates in the cancerous process,

e examination of a large number of earcinomatous breasts
has ﬂ[ifurclecl a demonstration of lymphatics containing cancerous
emboli in one or more of the following situations, viz., in the
connective tissue processes radiating from the tumour into the
surrounding breast tissue or circum-mammary fat; in the breast
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tissue, remote from as well as close to the tumour; in the con-
nective tissue septa, separating the lobules of the circum-mammary
fat; in the so-called “ligaments of Cooper,” where they often lead
to small disseminated cancerous nodules in the corium; in the
retro-mammary tissue and pectoral fascia. In the last-named
situation they are large, and generally accompany the bloodvessels
which pass to and from the deep surface of the mamma.

With the above facts before us regarding the structure of the
lymphatics, and the different situations in which we may
observe them, we have now to consider the mammary lym-
phatic system and its circulation as a whole. Unfortunately
here, as well as elsewhere in the body, our knowledge of the
lymphatic circulation is very imperfect. What I have to say
regarding this subject in the mamma is based upon the above
anatomical facts, combined with a eclinical and pathological
study of the lymphatic dissemination of cancer as it occurs in
this organ. Sappey describes the lymphatics of the mamma as
consisting of—(1), a superficial or cutaneous set; (2), a deep or
glandular set, embracing the lobules and lobes of the gland. He
considers that all the trunks springing from the latter system
pass from the posterior surface, and from the thickness of the
gland towards the areola, where they form a plexus remarkable for
the large size of its component vessels. From this sub-areolar
plexus pass two, sometimes three, large trunks which empty
themselves into the glands of the axilla. ILanghans, on the
other hand, holds that the efferent lymphatics of the true gland
occupy the loose retro-mammary tissue, the larger trunks
frequently following the larger bloodvessels in pairs. He has
injected them simultaneously with the intra-mammary lymphaties.”

My own observations have led me to look upon the mammary
lymphatic system as consisting of five sets of vessels, which
communicate freely with one another,—(1), A superficial or
cutaneous set, including those of the nipple, areola, and surrounding
skin ; (2), the sub-areolar plexus of Sappey; (3), Intra-mammary
lymphatics ; (4), lymphatics of the circum-mammary fat; (5), retro-
mammary lymphatics. The cutaneous and intra-mammary
lymphatics (in part) open into the sub-areolar plexus which con-
nects these two systems. The lymphatics of the circum-mammary
fat constitute a part of the general superficial lymphatic system of
the chest. They receive, on the one hand, the lymphatics of the
true skin, and on the other hand, efferent lymphatics from the
anterior surface and circumference of the mamma These lym-
phatics of the circum-mammary fat open into larger and deeper
lymphatics placed between the layers of the deep fascia. Tastly,
from the lymphatics of the deep fascia large trunks pierce its
deep surface, and constitute the well-defined vessels with thin but
muscular walls which pass to the lymphatic glands as their
afferent vessels. The retro-mammary lymphatics (including those

Raaas Tt
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of the pectoral fascia) receive all the efferent mammary lym-
phatics which leave the posterior surface of the gland. In this
way, therefore, the efferent lymphatics of the corpus mamme, of
the fat around it, and of the nipple, areola, and skin over it, open
either directly or indirectly into the lymphatics of the deep fascia,
which latter accompany the bloodvessels of the gland, pierce the
deep fascia along with them, and so reach the lymphatic glands
which lie in groups or chains alongside them. The lymphatics
from the inner part of the mamma accompany the perforating
branches of the internal mammary artery to join the sternal glands
placed along its trunk. The greater number, however, accompany
the mammary branches of the acromio-thoracie, long thoracic, and
external mammary branches of the axillary artery to open into the
axillary glands. I cannot agree with Sappey in considering that
the two or three lymphatic trunks leading from the sub-areolar
plexus are the ultimate and only channels for the receipt of the
lymph from all parts of the mamma. Such teaching is entirely
out of harmony with what is observed both clinically and patho-
logically in carcinoma of the mamma.

Recurrence of the disease after operation is due to the non-
removal of small and often microscopic foei of cancer, more or
less remote from the main tumour, and depending for their
origin upon the arrest and growth of cancerous emboli dis-
seminating more or less directly from the primary tumour
along the lymphatics. The importance of removing all the retro-
mammary tissue, pectoral and axillary fascia, axillary fat and
glands, along with the breast in all cases of carcinoma, cannot be
too strongly insisted upon or too oft repeated. The anastomosis
and intersection of the lymphatics are so free that it is impossible
to say towards which set of glands the lymph from any given
point in the breast will be conveyed. 1 have seen cancerous
lymphatic emboli at the axillary border of the mamma when the
tumour was situated in the inner hemisphere, and wice versd.
There 1s no doubt also that the lymphatics of the two breasts
tommunicate to a certain extent through a median anastomosis
of both the superficial and retro-mammary lymphatics. When
both breasts become cancerous, one subsequently to the other, the
disease in that affected later is, in the majority of cases, probably
the result of lymphatic infection, and not a primary condition, In
support of this view, I may instance the case of a patient under
the care of Prof. Chiene, who presented herself with a second
récurrence in the left breast, in the shape of a cancerous uleer the
Size of a crown piece, occupying what corresponded to the lower
and inner quadrant of the mammary area. There was a large
tancerous mass in the corresponding axilla, and, in addition, two
cancerous masses in the opposite or right axilla, one the size of a
Pigeon's egg, the other of a hazel nut. Further operative treat-
ment was not deemed advisable ; but, judging merely from clinical
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For clinical purposes, the mamma is subdivided artificially into
four quadrants, by means of vertical and horizontal diameters
intersecting each other at right angles at the nipple.  The
quadrants are named upper-inner, lower-inner, upper-outer, lower-
outer respectively. Two adjacent quadrants coustitute a hemi-
sphere. For anatomical as well as for clinical purposes, descrip-
tions may be rendered still more precise by the addition of two
oblique diameters reaching the circumference midway between the
vertical and the horizontal ones. We may employ these oblique
diameters either alone or in conjunction with the others. When
employed alone, they subdivide the breast into quadrants, which may
be spoken of simply as upper, lower, inner, and outer respectively.

T have taken advantage of all four diameters in order to arrive
at a more accurate knowledge of the anatomical relations of the
base of the organ to the skeleton and muscles of the chest. For
opportunities of verifying and defining the observations I had
made in the operating theatre, I am indebted to Sir William Turner
and Dr Symington. In the dead subject, the real circumference of
the mamma may be mapped out by inserting pins in the chest wall
at the points of farthest extension of the gland,—in other words,
at the extremities of the four diameters. The vertical diameter
extends from the lower border of the second rib to the sixth costal
cartilage at the angle where it begins to sweep upwards to the
sternum ; the horizontal, from a little within the edge of the
sternum opposite the fourth rib or interspace to the fifth rib or
interspace opposite the mid-axillary line. The one oblique
diameter extends from the upper border of the third costal
cartilage a little without the sternum downwards and outwards
to the seventh rib a little in front of the mid-axillary line; the
other oblique diameter passes from the third rib a little beyond
the anterior axillary fold downwards and inwards to the sixth
costal cartilage midway between its angle and its sternal end.
The circumference of the organ may be defined by connecting
together the extremities of all the diameters, When the arm is
elevated, as for an operation, the nipple in a nullipara is placed
opposite the fourth rib or interspace, and only about one inch
within the axillary border of the pectoralis major, thus showing
that the extent to which the breast overlaps the muscle is very

- considerable. The level of the breasts varies somewhat according

to the configuration of the chest,—thus tall women generally
possess a low bust, while short, broad-chested women have usually
a high bust,

~ The above limits, though considerably wider than those given
In our anatomical and surgical works, are certainly not exaggerated ;
and the surgeon cannot hope to remove the whole of the breast-
tissue unless in condueting his operation he keeps outside of them.
It is important, therefore, to ascertain the relations of the entire
mammary area to the muscles of the chest-wall, since these afford
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axillary glands ascend with the subclavian vein, and form by their
union in some cases a single trunk (axillary lymphatic trunk), in
others two or three large vessels, which terminate on the left side
in the thoracic duct, on the right side in the right lymphatic duct.
Sometimes they open separately into the subclavian vein near its
termination.”

In the normal condition, one is rarely able to feel any glands
through the coverings of the axilla. In morbid conditions of the
breast, the pectoral glands are almost invariably the first to
undergo enlargement. In the later stages of carcinoma all four
oroups may be diseased, but generally the humeral and sub-
scapular groups escape. Occasionally, the glands above the pee-
toralis minor, in the apex of the axilla, and under the clavicle, are
diseased, while the pectoral glands are normal. This points to the
probability that some of the lymphatics from the mamma pass to
join the glands at the upper part of the axilla directly, without
entering the pectoral group ; and, as far as my observations go, this
would appear to be the case when the tumour is central, and more
especially when the skin about the nipple and areola is implicated.
Some of the lymphatics which are efferent for the pectoral glands,
become afferent for glands higher up towards the apex of the axilla,

When the parts which have been removed from the axilla (in
connexion with mammary operations) are carefully examined, one
is struck with the great variation in the appearance as well as in
the number of the glands. As many as twenty, thirty, or even
more may not infrequently be counted when the axilla has been
thoroughly cleared out. The reasons for the anatomical under-
estimation of the number of glands in the axilla are, that some
measure not more than one or two millimetres in diameter, while
others have undergone such an extensive fatty involution as to
resemble closely an ordinary fat lobule, What may be regarded
as the typical glands vary from about the size of a grape stone to
that of a small pea.” In the region of the hilus the lymphoid
tissue becomes replaced by a greater or less amount of fibrous
tissue, which serves to support the main divisions of the blood-
vessels and efferent lymphatics; and from this connective tissue
processes are given off which ensheath the vessels, and in their
turn give origin to the delicate connective tissue recticulum, in
which the leucocytes of the follicular parts of the gland are
entangled. The reticulum oceupying the lymph sinuses is pro-
duced from the retiform branching of delicate connective tissue
processes which are given off from the fibrous trabeculee pene-
trating the gland from its capsule, The afferent and efferent
lymphatics lose their adventitious and muscular coats where
they respectively open into and out of the lymph sinuses,
the endothelial lining of which is continuous with that of the
lymphatics, If sections of the gland which have been stained
With nuclear dyes be examined under low magnifying power,






- g Ayl B e Ry SRR, W = H-—-—;m“

21

Secondly, the glands, which have undergone a more or less com-
plete fatty involution, are found in variable numbers during the
resting state of the mamma, both before and after the menopause.
Their size also varies greatly. They may be no larger than a grape
stone, or they may reach the size of a filbert, or may be even larger.
Their number and size are greatest in women who have become
obese after the menopause, and whose breasts have therefore under-
gone very extensive fatty transformation. The naked-eye appear-
ance of a bisected fatty involuted gland is peculiar and characteristic.

It differs markedly both from that which is presented by a typical

lymphatic gland on the one hand, and by an ordinary fat lobule on
the other. 'The hilus is represented by a more or less distinct notch,
opposite which, and immediately under the capsule, is a narrow
crescentic layer of lymphoid tissue, occupying the whole or a
areater part of the circumference of the gland. The extremities of
the crescent often curve into the substance of the gland at the
hilus. This lymphoid tissue possesses a uniform grayish-pink and
fleshy appearance, resembling granulation tissue. Within the
lymphoid crescent, and forming the bulk of the gland, is the fatty
portion, which is softer and more bulging. It differs, however, from
ordinary fat, both in appearance and in consistence. It is firmer
and has a pale grayish colour, almost without any yellow tint, and
with but little of the oily aspect of ordinary fat. The interpreta-
tion which has, I believe, frequently been given of these appear-
ances is that the firmer, more vascular, grayish-pink concentric
zone represents the cancerous portion of a malignant gland, while
the fatty medullary portion is looked upon as the remains of the
normal gland tissue. Microscopic examination, however, at once
reveals the error. At first sight one gets the impression that the
structure is not a lymphatic gland at all, but is merely an ordinary
fat lobule, the peripheral portion of which is occupied by an in-
flammatory leucocyte infiltration. Further investigation shows
that every stage of transition exists between almost complete fatty
metaplasia and what may be looked upon as a typical lymphatic
gland. The earliest sign of fatty involution is evinced by a fatty
metaplasia of the cells of the connective tissue in the region of the
hilus ; next, the conuective tissue framework of the medullary
part of the gland becomes involved ; and, finally, the whole gland,
with the exception generally of an incomplete and very thin layer
immediately under the capsule, becomes converted into adipose
tissue. The lymphoid tissue that remains is always the cortical
portion, the follicles of which may still contain germ centres,
showing that the gland is not completely functionless. A distinet
lymph sinus (subeapsular sinus) containing a retiform network
intervenes between the capsule and the lymphoid tissue, and is
continuous with other sinuses that surround the connective tissue
trabecule penetrating the gland from the capsule. These, again,
are continuous with lymphatic channels which run from the
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of glands which come into prominence in these diseases, as compared
with the number which anatomists describe as existing normally, if
we consider that many of the glands which have become enlarged
are such as had normally undergone fatty involution, but which, as
a result of the irritation to which they became subject in these
diseases, have again become evoluted and diseased.

The fatty involuted axillary glands are of interest to the surgeon
both clinically and pathologically. As a rule, palpation through the
coverings of the axilla gives no indication of their presence, although

“oceasionally, when large and numerous, they give rise to what is
often spoken of as a “fulness in the axilla.” They are usually
discovered when the axilla is explored from the wound made to
excise the breast, and are then spoken of as “enlarged glands,” and,
as I have already pointed out, are either regarded as malignant, or
are looked upon with the greatest suspicion. In stout women, their
resemblance to an ordinary fat lobule is such that they are liable
to be overlooked by the surgeon who is content with exploring the
axilla with the view of discovering and “shelling out” only those
glands that are distinetly indurated. During the operation, they
may be distinguished from fat lobules by three positive characters,
viz,—(1.) When grasped between the finger and thumb they are
firmer and more elastic ; (2.) They possess a distinet capsule which
enables them to be readily shelled out from the surrounding fat;
(3.) During their removal, the blood and lymph vessels connected
with them are brought into view, and have to be torn or cut across
before they can be completely separated. The larger they are, the
thinner and more stretched is the capsule. Their greater firmness
and elasticity as compared with an ordinary fat lobule are due to
the greater tension under which the fat and the lymph are confined
within the capsule.

When one of these glands is treated with a five per eent. solution
of nitric acid, the cortical zone of lymphoid tissue becomes dense
and opaque white, and remains so after being subsequently washed
i water. The fatty portion is unaltered. By this means, therefore,
the true nature of the gland is clearly revealed. In a previous part
of this paper I showed the value of the nitric acid method in
differentiating cancerous tissue in the breast. It is necessary to
point out, however, that the same method does not render the
detection of cancer in a lymphatic gland any easier than it would
be in the fresh and natural condition, since the lymphoid tissue, on
account of its highly cellular and therefore also highly albuminous
?‘ature, reacts to the nitric acid in much the same way as cancerous

1ssue,

Microscopic examination of fatty lymphatic glands, which have
been removed along with a cancerous mamma, shows that the fatty
part of the gland is being invaded by leucocytes, especially along
the lines of the blood and the lymph vessels, This leucocyte in-
filtration is accompanied by a connective tissue and endothelial
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united by a capillary network occupying the substance of the
lobule. In the breast itself, especially when the seat of a rapidly
infiltrating carcinoma, I have certainly observed the formation of
lymphoid nodules and germ centres in cmm{?ximl }vith the peri-
vascular lymphatics of a small artery and vein, which occupied a
delicate connective tissue lamella of the intra-mammary fat. A
similar new formation of lymphoid tissue occurs sometimes at
certain points around the vessels and lymphatics which lie

" between the fat lobules of the axilla.

Lymphatic glands, when cancerous, are frequently so exten-
sively diseased that mo trace of the original lymphoid "tissue
remains, When this is the case, they are characterized clinically
by marked induration, and usually by enlargement. Occasionally
several cancerous glands are matted and conglomerated into
a mass of the size of a child’s fist. In cases where the disease
is confined to the medullary part of the gland, the cortical region
responds to the irritation produced by the cancer, the result being
an increase in the number and size of the germ centres, and a
dense accumulation of lymphoid cells (young leucocytes) around
them. All the varieties of lymphatiec glands I have referred
to may be cancerous,—that is to say, may contain cancer cells.
Theoretically the initial stage of the disease consists in the deposit
in the gland of a single cancer cell, which has been conveyed to it
from the cancerous mamma along the lymphatics. Although it is
practically impossible actually to demonstrate this, one may never-
theless observe the condition in which only a few cancer cells exist
in the gland ; they generally occupy the subeapsular sinus, that is,
just the place where anatomically we should expect to find them. I
possess a microscopic section of a fatty lymphatic gland showing
this state of affairs. The preparation was made to show the
normal structure of the gland, which, to the naked eye, appeared
to be absolutely healthy. Such a gland, in consequence of the

fatty change which it has undergone, feels even softer than a

normal gland when made up entirely of lymphoid tissue. It
follows, therefore, that the absence of induration does not always
signify freedom from malignancy. Again, it must be remembered
that the smallest glands are sometimes malignant. As in this
condition they may be no larger than an ordinary pin’s head, the
absence of enlargement does not necessarily imply non-malignancy.

The main lymphatic trunks of the axilla run for the most
part alongside of the bloodvessels. In consequence, how-
ever, of their small size and the thinness of their walls, it is
difficult to display them by dissection. The afferent vessels of a
gland are more numerous, but smaller than the efferent. The
microscopic structure of the wall of a lymphatic trunk closely
resembles that of a small vein. Indeed, when they are isolated and
empty it is sometimes difficult to say with which one is dealing.
If, however, the lymphatic is lying side by side with bloodvessels,
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axillary tissue is left in contact), and then by applying the nitric
acid method to it. The structures which give rise to the stringy
feel will appear as opaque white lines, which may occasionally
be traced as lar as the cancerous glands, Microscopic examination
shows that they are mammary ducts angl not ljfmphamc& . One
may examine both macroscopically and microscopically the tissues
from many cancerous axillaz without being able to discover any
disease whatever in the lymphatic trunks. It is evident, therefore,
that as soon as the cancer cells reach lymphatics of any size,
they are swept along them to the glands, in the same way
that an embolus is washed along a vein. The lymphatics do not
always escape in this way, because stationary cancerous emboli
are frequently present in the smaller vessels, and of course can
only be discovered by microscopic examination. They subse-
quently invade the wall of the lymphatic, and give rise to nodules
of cancer which are distinct from the lymphatic glands. In
the comparatively few cases in which I have found the main
trunks diseased, the cancer cells could always be traced as far
as a malignant gland, the lymph sinuses of which, in conse-
quence of being blocked, had no doubt caused a heaping up of
the cancer cells behind them. -

It is very doubtful whether a cancerous condition even of the
largest axillary lymphatics can be detected during' the operation.
Examined microscopically, the wall is seen to be thickened—a con-
dition due to chronic lymphangitis. The lumen is filled with cancer
cells. To the naked eye, therefore, such a diseased lymphatie re-
sembles a small bloodvessel which has been plugged or obliterated.

After describing the anatomy of the parts concerned in car-
cinoma of the mamma, a number of photographs were shown to
illustrate the manner and extent of their involvement in the disease.
As regards the tissues extrinsic to the mamma, viz, the skin, sub-
cutaneous fat, pectoral fascia, and muscles, the preparations show
conelusively that their diseased condition consists in the presence
of cancer cells here and there in their lymph spaces and lymphatic
vessels. The cancer cells do not originate from the cell elements of
these tissues; they are the descendants of pre-existing cancer cells,
and have been conveyed thither by the lymph stream, and occa-
sionally also by the bloodvessels. The inflammatory connective
tissue hyperplasia, attended with more or less leucocyte exudation,
18 a secoudary element in the disease. The term “recurrent,”
applied to the disease which manifests itself after operation in
these extrinsic structures, is obviously a misnomer, since what
really occurs is a cortinuance of the original disease which was
already present at the time of the operation, and which in the
course of its life history becomes, from a structure visible only with
the microscope, a palpable nodule. I have already shown how
seldom all the gland tissue is removed in operations for cancer of
bhe breast. The question, therefore, arises, * What part does
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the malignant elements of the disease (as far as our present
knowledge goes—the cancer cells) have been disseminated. Un-
fortunately, it is impossible in any given case to say to what extent
this may have taken place. Here exactly lies the difficulty and
uncertainty of the operative treatment of malignant disease. Much,
however, may be done by a more careful study of the histological
relations of the tumour elements to the organ, and especially to the
lymphatics of the part in which it is situated. In the present state
of our knowledge the surgeon will do well to err on the side of
sacrificing too much rather than too little tissue.

Professor Dennis,! in his paper on “ Recurrence of Carcinoma of
the Mamma,” admirably puts the case when he says,—* The recur-
rence of carcinoma of the breast is influenced by the radical char-
acter of the operation itself. No procrustean rule can be laid
down in regard to the extent or character of the operation for the
removal of carcinoma of the breast which would meet the exigencies
in every case. There is, however, a standard operation which is
none too severe to meet the necessary conditions in every case.
The uniform classical operation should include the entire breast
gland, all the fatty areolar connective tissue in the vicinity, the
integuments over the circumsecribed area of the tumour, and as
much more as is necessary, leaving out of consideration altogether
the question of flaps to cover the wound, and, finally, the pectoral
fascia.” In another part of the paper he again refers to this as
follows :—“I am a strong advocate of always removing in every
case, to which there is no exeception, the entire breast, with the
pectoral fascia and the lymphatic glands, as the minimum opera-
tion in the most insignificant scirrhus. The operation in nearly
all cases must extend beyond the limits of the breast, and include
a most radical one.”

It is worth while to inquire how this “standard” and
“minimum ” operation should be carried out in order to give the
best chance of removing all the disease with, at the same time, the
least amount of mutilation. The first and perhaps the most
important step in the operation is to make suitable skin ineisions.

- Although these must vary with the position of the tumour and

- the amount of skin invasion, there is nevertheless a definite

principle to be followed in all cases, and that is so to plan the
Incisions as best to facilitate the-removal of the entire organ, and
at the same time of whatever skin is diseased or is at all likely
to be so. Let us take, for example, the case of an ordinary
circumseribed scirrhus, with the skin over it not obviously involved.
According to Gross? the plan to adopt would be “ to carefully pal-
pate the entire mammary region while the patient is supine, in order
to discover any outlying lobules, should they exist, and then with an
aniline pencil to draw a line round the enfire circumference of the

: T’mm., of the American Surgical Association, vol. ix, 1801, pp. 226 and 229,
Mann’s System of Gynecology, vol. ii. p. 314.
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- procedure is often responsible for the superficial recurrent nodules

which are not infrequently observed in and close to the cicatrix.
A combination of these incisions will be most suitable in the
majority of cases in which the tumour is peripheral—the result
being a T-shaped cicatrix. The lower and outer flap should first
be dissected off the breast, keeping as close to the skin as is con-
sistent with the maintenance of its vitality. This dissection should
be carried as low down as to the seventh rib in the mid-axillary line.
The upper and inner flap is reflected inwards beyond the edge of
the sternum, and upwards almost as high as the clavicle. It is
to allow of this free dissection that we recommend that the
axillary incision should be made at the same time as the ellipse.
The breast, with the exception of the axillary portion, should now
be freed from the chest wall along with the fascia of the muscles
which underlie it,viz., pectoralis major,serratus magnus, and obliquus
externus. Unless the upper digitations of the latter muscle be
laid bare, the probability is that some peripheral processes of the
gland have been left. The axilla is dealt with by first cleaning
the edge of the pectoralis major as far as the biceps; in this way
the axillary fascia is divided and the axilla opened into. The
axillary vein is exposed at this stage lying immediately underneath
the fascia at the outer extremity of the incision. The fat and
glands should be removed as far as possible en masse, by working
1n the first instante from the edges of the pectorals back to the
latissimus dorsi so as to expose the serratus magnus and sub-
scapularis. The intercosto-humeral nerves, which come into view
at this stage of the operation, may be avoided, and care should
be taken not to injure the two lower subscapular nerves. The
dissection is then continued along the iuner wall under the
pectoralis minor to the apex of the axilla. Finally, the fat
and any glands are to be separated from the axillary vessels; and
care must be taken that branches of the axillary vein which come
nfo view are not torn through close to the parent trunk.

As regards the treatment of the wound, if the operation be
conducted according to aseptic principles, no drainage tube is
required, and the case will generally not require to be dressed
until the end of a week, when the stitches may be removed. IF,
however, strong antiseptics have been employed to douche out the
wound, both before and after stitching, the copious serous exudate
caused thereby, necessitates, in my opinion, the use of a drainage
tuh_e for the first twenty-four homrs. The above operation is, I
believe, sufficiently radical for sim ple cases.

Wh.en, however, the skin over the tumour is involved, its removal
must include a wide margin of apparently healthy skin. When, in
addition to being invaded in the region of the tumour, the skin
18 also the seat of multiple nodular cancerous disseminations, then
the whole or nearly the whole skin over the mamma must be
removed, since, in addition to the palpable nodules the nitric acid °
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DESCRIPTION OF THE ILLUSTRATIONS.

All are drawn, natural size, from specimens treated with
Nitric Acid.

PLATE I. Fig. I.

Vertical slice a little below the nipple; girl, =t. 18. (Post-
mortem specimen, Skin not removed.)

a. “ Corpus mamme "—the stroma is compact, and the paren-
chyma is represented merely by branched ducts.

. Peripheral processes of “ corpus mammz ” ending in “liga-
ments” of Cooper.

¢. Axillary margin of “corpus mamma,” cut across in removing
the organ.

d. Intra-mammary fat lobule.

e. Subcutancous fat.

J- Retro-mammary fat.

2. Pectoral fascia.

#. Axillary border of pectoralis major.

z. Axillary fascia..

£ Axillary fat.

PLATE I. Fig. 2.

Slice from the cancerous mamma of a woman, @®t. 38 ; married ;
nine children. The tumour occupied the periphery of
the lower and outer quadrant ; close to it was a mass of
cancerous glands,

el. Nipp]e.

0. Sebaceous glands of areola.

. Skin,

. “{c:lorpus mammse ;  parenchyma consisting chiefly of
ucts.

e. Dilated ducts.

/- Peripheral processes of the “ corpus mammz.”

£. Intra-mammary fat lobules.

. Retro-mammary fat,

2. Pectoral fascia,

%. The tumour—a typical nodular scirrhus, to which the
superjacent skin is tacked down.

£ Cancerous infiltration of the adjacent breast tissue.

m. Cancerous axillary glands.

7. Bloodvessel,

0. Surgeon's cut-surface (sternal edge), showing peripheral
processes of “ corpus mamma " cut across.
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PLATE 1II.







