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Experiments on Animals. 57

reduced the inflammatory reaction to a minimum, this callus-like
mass of tissue is found.

When the inflammation has been great, it may assume considera-
ble proportions; but in cases of suppuration and hemorrhage it will,
on the other hand, be found to have broken down and to have left
the artery more or less exposed.

The thrombus varies greatly in size. In the antiseptic cases it
has been reduced to an exceedingly small mass, so small as to be
easily overlooked; but in no case has it been absent entirely. Like
the external callus it appears to indicate the amount of traumatism
which has been produced, but not, however, with the same accuracy,
for, in some of the most perfect examples of asepsis, it was larger
than in cases in which this treatment had been less successfully
carried out. A series of experiments with the double ligature, per-
formed to test the question of the activity of the endothelium and
wandering cells, is inserted here, to preserve as nearly as possible a
chronological order.

DOUBLE LIGATURE.
ONE WEEK.

The femorals of a large dog were exposed at two points, each
about one inch apart. The sheath was opened only at the point
where the ligature was applied: carmine granules were then freely
sprinkled on the wound. No attempt at an antiseptic dressing
was made. The intermediate portion was compressed so as to
empty it of blood, but in one case the attempt was only partially
successful. There was a suppurating wound beneath the sutures,
at the end of a week, when the animal was destroyed, and in bring-
ing the body into the laboratory on that day, a hemorrhage took
place from the left femoral at its central portion. . A part of the
vessel which included the ligatures was removed, cut in halves, and
each half split longitudinally.

At the proximal end, from which the bleeding took place, a fresh
clot is seen occupying its mouth. This clot is concave on its inner
surface which is covered by white corpuscles. The anterior lip of the
vessel is everted. The ligature was found in the secretions of the
wound. There is no clot in the middle portion, the ends of which
are slightly separated, admitting the entrance of granulation tissue
for a short distance. There is a purulent infiltration of the media,
which has separated it partially from the adventitia, but only a very
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Man. 101

examination. The end of the vessel was enclosed in the granulation
tissue, the ligature having come away.

Longitudinal sections show a small clot of pale color, adherent
to the end of the lumen. Under the microscope this is seen rest-
ing upon a growth of new tissue consisting chiefly of spindle-shaped
cells, and also of round cells. It has the appearance of granula-
tions, which are infiltrating the thrombus, growing chiefly in colum-
nar masses. The walls of the vessel have separated slightly, and
there is an extension of the growth of granulation cells from the
outside into the interior. There is an excellent opportunity to
study the intima in this specimen, as the clot is small, and the internal
tunic possesses quite a deep thick layer of longitudinal fibres, as is
usually the case in large arterial trunks. Curiously enough, the
intima is the thickest at the point most remote from the ligature.
Here are seen the longitudinal connective tissue fibres, covered with
a single layer of endothelial cells, and interspersed with a few cells,
having round and oval nuclei. Farther down, this coat gradually
diminishes in thickness until but one or two fibres intervene between
the endothelium and the lamina: from this point it becomes slightly
thicker, and there are a few more nuclei to be seen. In the im-
mediate neighborhood of the ligature it widens out considerably,
and becomes lost in the new growth. The endothelium appears to
undergo no change, but to be continued out on the surface of the
columnar granulations of this new tissue.

Remarks.—On account of the acute septic inflammation, the liga-
ture has separated, and the walls of the vessel have opened suffi-
ciently to admit a growth of granulation tissue which has permeated
the base of the clot. This new tissue or *‘ plastic clot’ appears to
be directly continuous with the intima. That coat, however, proba-
bly participates in the growth only to a limited extent, the main
portion being derived from the granulation tissue, which has grown
in from without. The changes noted in the intima do not indicate,
as yet, any material activity of that tunic. The narrowing of the
coat above described is evidently an anatomical condition. The
slight thickening noted lower down may indicate the beginning of a
pathelogical thickening. The small size of the thrombus is due,
probably, to the close proximity of a branch, (the one seen pro-
truding from the granulations), its friable condition being caused
by the septic inflammation. The end of the vessel is, however, for
the time being, held together by the granulation tissue, which has
found its way in at an earlier period than usual.
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The Closure of the Fatal Vessels, 113

In the umbilical (hypogastric) artery,according to the same author,
the elastic lamina is continued only through the pelvic portion of
that vessel: from that point to the navel the lining membrane con-
sists solely of endothelium, At the time of birth there is a contrac-
tion of the media which continues back into portions of the internal
iliac artery. There is also a growth of the same hyaline connective
tissue which has extended down to this point from the aorta. A few
years later these changes have reduced the opening in this vessel to
a short and narrow tube, Later, all that is seen is newly formed
sub-endothelial elastic membrane, lining the remaining cavity of the
vessel, surrounded by circular muscular fibres, all of which structure
has been developed in the new tissue which closed the lumen of the
vessel.* According to Baumgarten the umbilical (hypogastric) artery
in the adult is represented by a thick, hard, round cord, one and one
half to three inches in iength, to which is attached a more delicate

bundle of fibres connecting it with the umbilicus. This cord con-
tains a canal, which communicates with the superior vesical artery,
and is regarded as the remains of an imperfectly obliterated vessel.
The old wall of the vessel can be made out throughout all this part,
except at the upper end, where the media and the adventitia are
somewhat obscure, but the elastic membrane can still be seen. The
extreme end is closed by fibrous tissue. With the exception of a
small fragment, just within the abdomen, at the umbilical end, the
vessel is not obliterated, according to the old view. The process of
partial obliteration is complete at the end of six or eight weeks; at
the end of four or five months the arteries are attached to the navel
by a short band of fibres, which contain no trace of the vessel. The
band of fibres, which attaches the superior vesical artery to the
umbilicus in adult life, he concludes, is a band of cicatricial fibres,
which have stretched with the growth of the individual, the umbilical
artery being actually about the same length that it was at birth.
This band resembles the cord which unites the two ends of a vessel
ligatured in continuity which have retracted and stretched apart.
The ductus arteriosus is an example of what he calls the ** typical pro-
cess of incomplete obliteration.”™

In order that the following series of reports may be under-
stood, a word of explanation is necessary. The ductus was re-

* **Dass auch musculdse Elemente sich in den bindegewebigen Verdickungsschich-
ten der Intima der Umbilical Arterien ausbilden und eine regelmissig gestaltete
Ringsmusculatur zusammensetzen.”
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The Closure of the Fatal Vessels. 117

the arrangement of the muscular fibres appears quite irregular,
The feetal remains appear chiefly in the inner margins of the
section, which shows an open lumen here; at some points feetal
tissue extends quite deeply into the middle coat.

Remarks.—The ductus has collapsed but has not become obliter-
ated. The feetal structures are in process of elimination, A wall
of new tissue is forming on the outside of the duct.

LIGAMENTUM ARTERIOSUDM.
THirTY-F1vE DaAvs.

Longitudinal vertical sections were made. The central portions
of the ligament consist of the walls of the ductus in a state of
hyaline degeneration. A slit in the centre of this material marks
the site of the former lumen. It appears to communicate with the
large vessels by a narrow sinus or vessel lined with endothelium.
Surrounding this degenerated tissue, and forming the outer wall of
the ligament, are bands of longitudinal and circular muscular fibres,
which appear to be made up both of the cuter layers of the walls of
the ductus, and of cells which have grown from the adjacent mediz
of the great vessels.

An examination of the aortic end shows that the opening has
been closed partly by an approximation of the opposing edges of
the media aortee and partly by a growth of the intima aortz, which
is greatly thickened at this place, and fills the remaining space.
Through the centre of this tissue, which is hyaline and rich in cells,
runs the residual vessel above referred to. Many of the cells which
are found at this point of the aorta appear to spring from the upper
layers of the media, the lower layers of that coat diverging con-
siderably to become continuous with the outer walls of the ligament.
The intervening space is filled with the degenerated tissue of the
ductus, which by its peculiar staining can be traced for some distance
into the media of the aorta on either side.

The arrangement at the pulmonary end is not essentially dif-
ferent. '

There is a peculiarity of the intima of the great vessels which
deserves notice and exists on one side only of the openings into
them; in the aorta on the lower side, and in the pulmonary artery
on the upper side of the opening, or, rather, the depression marking
the site of the old opening. The aortic wall overhangs the upper
margin of this depression as an eyebrow overhangs the socket, and






The Closure of the Fatal Vessels, 119

media, and partly by a growth from the aortic intima. The latter
growth consists of a connective tissue composed of spindle-shaped
cells in a transparent intercellular substance; it is pierced, at its
centre, by a small vessel which soon breaks up into capillary
branches.

The adjacent edges of the aortic media are crowded with new
muscular cells for some distance and many of these cells have
grown into the transparent tissue of the cicatrix, The growth of
cells comes chiefly from the inner half of the aortic media, the outer
half diverging to enclose the ligament and form its outer wall (Fig.
30). Between the diverging portions we can trace the hyaline de-

generated fibres of the ductus.
At the pulmonary end a similar condition exists, except that

the thrombus is not seen and the duct is completely closed. The
approximated edges of the media and the thickened intima, pierced
by a capillary vessel, show here, but the picture is not so pro-
nounced.

Remarks.—This specimen was selected for illustration as the
contrast between the different tissues was strong, but it must be
remembered that the presence of a thrombus is exceptional. We
see, at the aortic end, conditions closely resembling the cicatrix in
an artery after ligature in continuity, namely: the slightly separated
edges of the media, between which is a transparent tissue, contain-
ing spindle or muscular cells and pierced by a central arteriole.

LIGAMENTUM ARTERIOSUDM.
E1cGHTEEN MONTHS.

Deep dimples in the aorta and pulmonary artery mark the site of
insertion of the ligament, which is bent at a right angle soon after
leaving the artery, and turns to be inserted at a very oblique angle
into the aorta. It is quite short. Longitudinal sections were taken
in a horizontal plane.

Nearly all trace of the ductus has disappeared, a few transparent
islets of tissue still, however, remaining.

The new tissue consists of bundles of spindle-shaped cells, running
longitudinally, with fibrous intercellular substance. In the centre is
an arteriole, or vessel of about that size, opening from the aorta, and
diminishing gradually in size until it apparently opens into the
pulmonary artery as a capillary vessel. This vessel at its aortic end
has a distinct lamina elastica of its own, the longitudinal folds of






g . [ J) | { t
& law g
: ¥ | y Cells 8 1 ]
g - " . iIs = by :
§ { .







The Closure of the Fwtal Vessels. 123

surface of the point of insertion, and the outer portions of the
media aortz being continued down upon the outer walls of the liga-
ment. There is no vessel communicating with the aorta, and the
depression in that vessel is a slight one. No vessel is found com-
municating with the pulmonary artery. There is no trace of degen-
erated tissue to be seen in any of the sections taken from this
specimen.

Remarks.—The appearance of the aortic walls in sections taken
horizontally is quite different from those taken ina vertical plane.
In the former case, the media seems to form a continuous layer
over the cicatrix, the continuity of its fibres being but slightly broken
by those of the ligament. In the vertical section, it will be seen
that there is an appreciable interval between the edges of the
media.

LIGAMENTUM ARTERIOSUM.

Forry-SEVEN YEARS.

The ligament, which was quite long, was cut into transverse
sections. Sections taken as nearly as possible through the aortic
cicatrix show an irregular oval-shaped mass of tissue, surrounded by
the media, composed of white and elastic fibres, running obliquely
towards the observer; there is no well-defined outline between this
tissue and that of the media, the cells of which project into it. In
the axis is a single capillary vessel, and around this very few cells
are seen. Abreast of the adventitia aortz the fibres are seen, cut
transversely: the cells are more abundant: longitudinal bundles of
muscular cells are seen in the centre of the ligament; and a thin
band of circularly arranged cells forms its outer border. The
bodies of the longitudinal cells come out quite distinctly in cross
sections, as does also their division into separate bundles by trabe-
cule. No elastic membrane is seen at this end.

Nearer the middle of the lizament the cells are less numerous,
although the circular belt of cells is as thick as elsewhere. Islets
of calcification are seen at intervals. Near the pulmonary end
traces of the lamina elastica are found, and nearer still, a narrow
slit, lined with a lamina, is seen. The end in section is an elongated
oval, appearing to be inserted in the wall of the artery, between two
layers of the fibres of the media which have been stretched apart
to admit it. Cells are more numerous, again, in this end of the
ligament.

Remarks.—There can be little doubt that the cells found at the
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At the aortic opening the intima narrows rapidly on either side;
at its upper margin the aortic wall makes a sharp curve upward, when
seen in longitudinal-vertical sections, to form the lower curve of
the aortic arch. Here a thin layer of cells lying upon the elastic
lamina, which is well defined, forms the intima aortee. The walls
of the aorta, at the lower margin of the opening, are thicker, and
are continuous in a nearly straight line with the tissue of the ductus;
the tissues of the coats of the aorta and ductus are interwoven at
this point, and those of the ductus are spread out in a fan-like shape,
and are lost in the different layers of the wall of the aorta. The
elastic lamina of the aorta does not form here a continuous layer,
as above, but is broken into several more or less parallel layers.
According to Thoma, that portion of the wall which lies inside of
the principal elastic layer, belongs to the intima, and is described
by him as the musculo-elastic layer of the intima which forms a rein-
forcement to the wall at this particular point. A similar arrangement
of the elastic lamina is found elsewhere in the aorta, and it would
seem to have no significance at this spot further than as an indica-
tion of the tendency of the elastic tissue to form less of a limiting
membrane in the neighborhood of the ductus, where all layers
are ill defined. The intima of the ductus narrows rapidly, as it
emerges at the lower border, and becomes continuous with a simi-
lar layer of cells, here appearing as connective tissue cells, which
form a narrow layer in the intima of the descending aorta. This
layer was traced about half an inch below the opening of the duc-
tus, at various periods from birth up to adult life, but was not found
to form the thick layer described by Thoma as lining the interior
of the aorta between this point and the iliac artery after birth.

The arrangement of the walls of the pulmonary artery resembles
that seen at the aortic opening, but in a reverse order. Here, the
upper wall is the thicker, and it receives the tissues of the upper
wall of the ductus which are freely interlaced with it. The differ-
ence between the two margins of the pulmonary opening is not so
marked as at the aortic end.

A few weeks after birth a very marked change has taken place
in all the tissues of the ductus, which appear to be now undergoing
hyaline degeneration, preparatory to absorption. The outermost
walls alone remain, but it is not certain whether the structures,
still preserved from degeneration, should not be regarded as belong-
ing to the aorta and pulmonary artery. A few weeks later, this
outer wall 1s found to have become greatly strengthened, and now






























The Closure of the Fatal Vessels. 135

of traumatism exerted upon this vessel, the presence of a thrombus
is of special interest in its bearing upon the question of the forma-
tion of a thrombus. It is not probable that the clot takes its origin
in the extra-umbilical portion of the wvessel after the ligature has
been applied, for this portion contracts rapidly, and its lumen is
obliterated very shortly after birth. The very moderate amount of
inflammation produced at the umbilicus could hardly suffice to pro-
duce a clot of such size: for, as a rule, healing takes place without
the formation of pus. So far, therefore, as these observations go,
no very large number of specimens having been examined, they fail
to support the theory of the traumatic origin of the thrombus.

The hypogastric artery presents certain peculiarities which distin-
guish it from other arteries. The most striking of these is the presence
of a large amount of longitudinal muscular fibre, in which respect it
bears a resemblance to the structure of the ductus. It has another
peculiarity, also, in common with that vessel, consisting in the ab-
sence of a well-defined outline to the inner wall of the media, which
a well-formed lamina elastica gives. Elastic tissue is found at this
point, but the membranes are thin, not always continuous, and some-
times hard to find. Near the distal end of the vessel there is little
to be seen of any such structure,

When the placental circulation ceases, a marked contraction
takes place throughout the greater part of the vessel, and its most
distal portion is filled with a thrombus. While the healing of the
umbilical cicatrix is taking place, the distal end of the artery is
undergoing hyaline degeneration which pervades its whole thickness.
A few weeks after birth we see that portion where the two vessels lie
in contact, reduced to a cord of gelatinous tissue in which all traces
of the vessel have disappeared. This change extends, and, at this
period, has already involved the walls of each artery for perhaps one
half to three quarters of an inch beyond this point, indicating evi-
dently a destruction of the vessel, for a considerable distance from
its distal end. This view is borne out by the examination of the
fibrous cord, which attaches the superior vesical artery to the umbi-
licus. Here, traces of the walls of the vessels are still seen, chiefly
fragments of elastic, and dense, fibrous tissue. Baumgarten's view,
that the vessel is preserved entire, but appears smaller owing to the
growth of the body, is thus disproved, and the possibility of the
destruction of a considerable fragment of the hypogastric artery
is clearly established.

In the early days of life but little change is seen in the interior
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