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THROMBOSIS . 157

as an accumulation not of leucoeytes but of blood-platelets. The
investigators chiefly concerned in the establishment of this doctrine are
Osler (1881-82), Hayem (1882), Bizzozero (1882), Lubnitzky (1885),
and Eberth and Schimmelbusch (1885-86).

There is no difficulty in producing thrombi experimentally by
injury, either mechanical or chemical, to the vessel-wall; or by the
introduetion of foreign bodies into the ecirculation. If the early for-
mation of such a thrombus be observed under the microscope in the
living mesenteric vessels of a dog, as was done by Eberth and Schimmel-
busch, it is seen that the first step consists in the accumulation of blun@-
platelets at the seat of injury. These plates, in consequence of their
viscous metamorphosis, at once become adherent to each other and to
the wall of the vessel, and thus form plugs which may be subsequently
washed away into the circulation, but which sometimes so increase in
size as to obstruct the lumen of the vessel completely. Red and white
corpuscles may be included in the mass of platelets ; but their presence
at this stage is purely accidental ; they are not to be regarded as
essential constituents of the thrombus in its inception.

The microscopical examination of young experimental thrombi
confirms the results of these direct observations, and affords information
as to their further development. To obtain a clear idea of this develop-
ment, thrombi should be examined at intervals of minutes from their
beginning to those half an hour old or older. I reported the results
of such an experimental study in 1887. The material composing
the youngest thrombi formed from the -circulating blood appears
macroscopically as a soft, homogeneous, gray, translucent substance of
viseid consistence. Microscopically it is made up chiefly of platelets,
which are seen as pale, round, or somewhat irregular bodies, varying in
size but averaging about one-quarter the diameter of a red corpuscle.

Leucocytes, which may be present in small number at the beginning,
rapidly increase in number, and within the first fifteen minutes to half
an hour they are usually in such abundance that at this stage of
its formation they must be considered an essential constituent of the
thrombus. They tend to collect at the margins of the platelet-masses
and between them. These leucocytes are nearly all polynuclear, and
usually present no evidence of necrosis or disintegration.

With the accumulation of leucocytes, fibrillated fibrin, which at first
was absent, makes its appearance; being, as pointed out by Hanau,
especially well marked and dense in the margins of the masses of
platelets. Within these masses it is usually absent. The rapidity with
which lencocytes and fibrin are added to the masses of platelets varies
much in different cases. At the end of half an hour the thrombus may
be composed of platelets, lencocytes, and fibrin with entangled red
corpuscles, in essentially the same proportions and with the same
arrangement as i the human thrombi already deseribed; or even after
several hours it may still consist almost wholly of platelets.

The prevailing view is that platelets exist in normal blood, where
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‘!]:L!}ntal and hl.:lﬂ'lH.l'l thrombi _hzwa led me to assign to them a more
important part in the construction of white thrombi than that indicated by
Eberth and Schimmelbusch. Whether the regular mural white thrombi
ever arise as a collection of leucocytes, in the manner described by Zahn,
is uncertain. Such a mode of development, if it occurs, is, I think,
exceptional. Intravascular plugs, however, occur, which are made up
wholly or predominantly of polynuclear leucocytes. These are found
mainly in small vessels in acutely inflamed regions, where they are to
be regarded as inflammatory and probably chemiotactic in origin,
Leuncocytic masses may also be found after death in small vessels in
leucocythemia, and in diseases with marked leucocytosis; but it is
probable that these are not genuine obstructing plugs,

Purely fibrinous thrombi.—As will be described subsequently, fibrin
usnally increases in amount with the age of the thrombus. The masses
of platelets may be replaced by fibrin, and leucocytes may degenerate ;
so that many old, unorganised thrombi consist of practically nothing but
dense fibrin, in places hyaline. I do not, however, desire now to call
especial attention to these old, metamorphosed thrombi.

One sometimes finds in inflamed areas, less frequently under other
circumstances, the vessels, particularly those of small size, partly or
completely filled with fibrillated fibrin, presenting such an arrangement
and configuration as to indicate coagulation during life. Neither
leucocytes nor platelets need take part in the formation of these
plugs of pure fibrin, although sometimes they are present. K. Zenker
has well described the microscopical appearances in these cases. Whorls
or brush-like clumps of fibrin may spring at intervals from the wall of
the vessel, where they are attached especially to necrotic endothelium or
to points devoid of endothelium. The fibrin may be disposed regularly,
often in stellate figures, around definite centres in which, perhaps, a
necrotic cell or fragment, endothelial or leucocytic, or a clump of
platelets can be demonstrated. The fibrin is often notably coarse.
The affected vessels are not usually filled completely with fibrin, and
they can be artificially injected. In croupous pneumonia such fibrinous
masses are regularly present, both in capillaries and larger vessels of the
hepatised area. These purely fibrinous coagula are of anatomical rather
than clinical interest.

Hyaline thrombi—These are of more interest and importance than
the purely fibrinous and leucocytic thrombi just described. The
presence of hyaline material in old white thrombi will be spoken of
subsequently. To von Recklinghausen we especially owe the recogni-
tion of hyaline thrombi as a distinet class. They are found especially
in the capillaries, but may occur also in the smaller arteries and veins.
The capillaries are filled with a refractive, homogeneous, translucent,
colourless or faintly yellow material, which stains well with Weigert's
fibrin dye. The same material may partly or completely fill the smaller
arteries and veins. Balls, as well as cylindrical masses, of this hyaline
substance may be found, especially in the cerebral vessels.



THROMBOSIS 161

This hyaline thrombosis has been observed in a variety ::ni conditions,
partly general, partly local. It occurs especially in infective and toxic
diseases. Kriege found extensive hyaline thrombosis in the small vessels
after freezing the rabbit’s ear. Von Recklinghausen had prﬂ?lf}uﬁ%f
attributed to this cause spontaneous gangrene of both feet occurring in
an old woman who had suffered repeatedly from slight frost-bites; and
he likewise found the same hyaline vascular plugs in cases of mortifica-
tion- following experimental ergotism. Capillary hyaline thromboses
are common in the lungs in pneumonia, and in hemorrhagic infarcts.
In general infective and toxic states they may be present in the liver,
the lungs, and, above all, in the kidneys.

The most striking examples of this form of thrombosis, with which
I am acquainted, are encountered in the renal capillaries, chiefly of the
glomeruli, of swine dead of hog-cholera ; or of animals infected with the
hog-cholera bacillus. In extreme cases there is complete anuria ; and it
may be impossible to force more than a minimal amount of injecting
fluid into the renal vessels. Sections stained with Weigert’s fibrin-stain
look as if the capillaries had been injected with Berlin blue. Ribbert
found similar hyaline thrombi in the kidneys of rabbits inoculated with the
S. pyogenes aureus. I have repeatedly found them in various experi-
mental infections, and in human infections. They occur in eclampsia.
Bacteria are not necessarily present, so that toxins are probably the
~underlying causative factor, and for this there is experimental evidence.

Klebs and others have thought that the hyaline material is derived
from coalesced and altered red corpuscles. Red corpuscles may in fact
be so crowded together, and apparently coalesced, as to appear as nearly
homogeneous yellowish cylinders (globular stasis). The genuine hyaline
thrombi have the staining reactions of fibrin, and are often continuous
with ordinary fibrillated fibrin in larger vessels. Transitions between
fibrillated fibrin and the hyaline material can sometimes be seen ; but it
is often impossible by any staining to resolve the latter into a fibrinous
network. If the recent views previously mentioned concerning the
origin of platelets from red corpuscles and the participation of these
corpuseles in the process of coagulation be accepted, there would be no
difficulty in adopting Klebs’s hypothesis as to the origin of hyaline
thrombi from red corpuscles. Von Recklinghausen and Kriege find
evidence that the hyaline substance is derived from leucocytes,

: Gr_nwth, Metamorphoses, and Organisation of Thrombi.—Thrombi
in their growth assume various characters to which special epithets are
applied. A thrombus formed from the circulating blood is at first pari-
etal or mural, but by continued growth it may fill the vessel and become
an occluding or obstructing thrombus, A primitive or autochthonous
zgi;ﬁ};ﬁ]’ ;:;m?f}d bit.;?ﬂili ﬂm;;'litians,:m;}r be the starting-point of a
oo fnd P"Erh':}s :I:i:'l ;151 EKtL{HLu‘lg n the course of the throm-
scieapelistin 1mfP’ b: Ps ﬂl}lmnmcfttmg vessels. A secondary or

g vthrombus 1s one which starts from an embolus of throm.

botic material, A continued thrombus ijs also often spoken of as
VOL. VI M
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wave-like motion of the flowing blood, which, as previously Ellggﬂ-‘.i-tf}[] by
Zahn, may account for the ribs, and partly by slight irregularities of
surface level normally present in the inner lining of vessels. Zahn
finds an analogy between the ribs of a thrombus and the rlpPle-
marks in sand at the edge of the sea, or at the bottom of flowing
streams. Before Zahn, Wickham Legg, in 1878, described the surface
of a cardiac thrombus as *“marked by lines resembling the impressions
made by the waves on a sandy shore.” .

The usual explanation of the red and white stratification of mixed
thrombi is that the thrombus is deposited in successive layers, of which
the red are formed rapidly and the white more slowly. There are
manifest difficulties in such an explanation. It is more probable
that the red layers are cruor clots formed from blood brought to a
standstill. Blood entering crevices, spaces, and clefts resulting from the
irregular mode of growth of the thrombus, or from its contraction, or
from the blood-stream, often with increase of pressure in consequence of
the thrombotic barrier, undermining and splitting the white substance,
at first soft and later brittle, of the thrombus, may readily stagnate and
clot. Indications of such a splitting of the thrombus by the circulating
blood are often seen in horizontal white lamells covering red layers
and present within them : these lamelle are apparently split off from
the general framework and bent in the direction of the blood-current.
The typical architecture of the thrombus may not appear, or may he
obseured or destroyed by displacement of its parts through the blood-
stream, especially when this is forcible: hence it is often missed in
arterial thrombi. White thrombi are, as a rule, microscopically mixed
thrombi ; and in colour there is every transition from these to thrombj
80 red that careful examination is required for the detection of the
white substance.

In long propagated venous thrombi smaller white thrombus-masses
often alternate in a longitudinal direction with longer red ones. The
explanation of this is that a primary white thrombus is formed, often
starting from a valvular pocket. This becomes an oceluding thrombus,
and the column of hlood reaching to the nearest branch, or to the con-
fluence of two important veins, is brought to a standstill, and forms a
red, obstructing thrombus. At the extremity of this, where the blood
enters from the branch, another white occluding thrombus may be
formed, to be followed again by a red thrombus, and so on. Thrombi
are sometimes described as red in consequence of failure to detect the
small white autochthonous part of the thrombus. In fact the term
mixed thrombus is applied to three different appearances of thrombi :
(@) an Intimate mixture of gray and red substances i (0) stratification in
successive gray and red layers, and (¢) red propagated clots consecutive
to autochthonous white or mixed thrombi.

_In old thrombi ‘vm-imts metamorphoses have oceurred which obscure or
obliterate the typical structure and architecture of the younger ones,
The masses of platelets, although they may persist a long time, become
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finely granular, sometimes almost or quite homogeneous in texture.
They are invaded by fibrin, especially along the edges of spaces and
clefts which appear. Notwithstanding these profound changes a certain
configuration and a differentiation in staining properties often enable
us to recognise the sites of the original columns and lamelle of plate-
lets. The lencocytes, often at an early date, undergo fatty degenera-
tion and necrosis, their nuclei disappearing both by karyolysis and
karyorrhexis. The leucocytic detritus adds to the granular material of
the thrombus. The red corpuscles are decolourised and fragmented.
The hmoglobin is in part dissolved and, after organisation begins, is
partly transformed into amorphous and crystalline hematoidin. These
pigmentary transformations impart a brownish red colour to red and
mixed thrombi. Fibrin increases in amount and becomes coarse and
dense. The part of the thrombus adjacent to the vessel-wall is often
converted into compact concentric layers of fibrin at a period when
masses of platelets are well preserved nearer the lumen. The hyaline
material, which is very frequently found in layers and clumps in old
thrombi, may be derived both from fibrin and from platelets ; perhaps
also from red corpuscles and leucocytes. It may stain well by Weigert's
fibrin-stain, or only faintly, or not at all. Small spaces and canals,
often containing nucleated cells, may be present in the homogeneous
fibrin or hyaline substance (canalised fibrin of Langhans).

Of special importance are the liquefactive softenings which may
occur in old thrombi. These are distinguished as simple or bland,
septic or purulent, and putrid softenings.

The simple softenings oceur in bland thrombi, being especially
common in globular cardiac thrombi which, when old, regularly contain
in their interior an opaque whitish or reddish thick fluid. This in old
days was mistaken for pus, and hence the name puriform softening
(purulent cysts). The liquid or pulpy material is the result of granular
disintegration and liquefaction of the solid constituents of the thrombus,
and consists of necrotic fatty leucocytes, albuminous and fatty granules,
blood pigment and altered red corpuscles ; the varying red tint of the
fluid depending upon the number of red corpuscles originally present
in the thrombus. Occasionally acicular erystals of fatty acid are present.
This form of softening is probably due to the action of some fern_mnt;
it oceurs in ordinary bland thrombi, and is distinguished from the infec-
tive forms. It is not gemerally supposed that micro-organisms are in
any way concerned in the process: bacteria, however, have been found
of late years repeatedly in these thrombi ; and it may be that they are
not so absolutely unconcerned in simple thrombotic softening as 1s
generally thought to be the case. w

There is no question as to the participation of bacteria in the other
forms of softening. Septic or purulent softening, met with most fre-
quently in infective thrombo-phlebitis, is a true suppuration ; being the
result of the accumulation of polynuclear leucocytes with fermentative
liquefaction of the thrombus. The leucocytes are attracted in part from
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the blood of the thrombosed vessel and in part from the vasa vasorum
and surrounding capillaries and veins. Pyogenetic bacteria, most fre-
quently streptococei, are present in the thrombus and tlle+1va]ls of the
vessel. Putrid softening is due to the invasion of putrefactive bacteria.
Here the thrombus is of a dirty brown or green colour, and of foul odour.

These various softenings often lead to the separation of thrombotic
fragments to be transported by the circulation as emboli,—bland, septic,
or putrid according to the nature of the process. .

White thrombi in veins, far less frequently in arteries, may undergo
calcification, forming phleboliths or arterioliths. They are generally
approximately spherical, and lie loosely or slightly adherent in the
lumen. They are found most frequently in th.:E. veins around the
prostate and bladder of men, in the plexus pampiniformes of women,
and in the spleen.

One of the most interesting adaptive pathological processes is the so-
called organisation of thrombi, which is the substitution for the thrombus
of vascularised connective tissue. The thrombus itself takes no active
part in the process, but behaves as a foreign body. It is gradually
disintegrated and absorbed, largely through the activities of phagocytes.
The new tissue springs from the wall of the vessel or the heart; the
tissue-forming cells being derived both from the endothelium and from
other fixed cells in the wall. New vessels spring from the vasa vasorum.
Lacunar spaces in the thrombus, or between the thrombus and the
vascular wall, may become lined with endothelium, and also serve as
channels for the circulating blood. These new vessels may establish com-
munication with the lumen of the thrombosed vessel above or below the
thrombus, or on both sides. The new tissue, which at first is rich in cells,
becomes fibrous, and contracts. The result may be a solid fibrous plug,
or a cavernous structure with large blood-spaces ; or, by disappearance of
the septa, a restoration of the lumen, with perhaps a few fibrous threads
or bands stretching across it, as in the normal cerebral venous sinuses.

There are great diversities in individual cases as to the rapidity of
onsef and the course of the organising process; these differences depend-
ing upon various circumstances, the most important of which are the
location of the thrombus, the condition of the wall of the vessel or
heart, the general state of the patient, and the presence or absence of
infection. In favourable cases the process may be well under way
within a week. The wall of the vessel, or of the heart, may be so diseased
as to be incapable of furnishing any new tissue; as is usually the case
In aneurysmal sacs, and often in varices and in cardiac disease. The
presence of pyogenetic bacteria prevents or delays the process of organisa-
tion. This process is a proliferative angeiitis. It is this angeiitis which
lcads_tﬂ the closure of a vessel after ligation. If the ligature be applied
aseptically, and without injury to the internal coats, usually no throm-
bus is formed, or only a very small one. The formation of a thrombus
15 of no assistance in securing obliteration of a ligated vessel, in fact it
impedes the development of the obliterating endarteritis.
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platelets in the peripheral layer. Mere slowing of the circulation,
however, does not suffice to form thrombi; there must IJI.:.'. §0mM.e
abnormality of the inner lining of the vessel-wall, with which the
platelets are brought into contact, ir} m:der to mducg the wviscous
metamorphosis of these bodies essential in the formation of plugs.
Hence Eberth and Schimmelbusch conclude that it is only by the com-
bination of slowing of the cireulation with changes in the inner lining
that the formation of white thrombi can be explained.

Von Recklinghausen attaches more importance to a whirling or eﬁ[d_';-
ing motion (Wirbelbewegung) than to mere slowness of the circulation.
He has pointed out that eddies are produced when the blood enters
normally or pathologically dilated channels from smaller ones, or
passes Into a cul-de-sac, or over obstrudtions; and he has considered
in an interesting way the special conditions causing this motion and its
influence upon the production of thrombi. This irregularity of the
blood-current will be referred to again in considering the localisation of
venous thrombi (p. 181). Von Recklinghausen’s observations make a
valuable contribution to our knowledge of the mechanical disturbances
of the cireulation which favour the development of thrombi.

Thrombi attributed to slowing of the blood-current, often comhbined
with eddying motion of the blood, are called stagnation-thrombi. Of these
two groups are distinguished: () those due to local circulatory dis-
turbances, as from interruption or narrowing of the lumen of vessels by
ligation or compression, or from circumscribed dilatations, as aneurysms
or varices ; and (b) marantic thrombi resulting from weakened heart’s
action, with consequent feebleness of the general circulation. Virchow
gave the name *“marantic thrombi” to all or nearly all thrombi complicat-
ing or following anzmic and cachectic states, general infective diseases—
as enteric fever, typhus fever, and the like, and certain constitutional
diseases. He considered a condition of marasmus, or great prostration, to
be the common underlying factor. As we shall see subsequently, there are
serious objections to this explanation of these thromboses, which indeed
constitute the class of chief medical interest. The designation “ marantic
thromboses * for this group is still, however, in common use. Although
it is proper in these groups of thrombi to emphasise the mechanical dis-
turbances of the circulation as an important accessory factor, it is evident,
from what has been said, that the class of stagnation-thrombi cannot he
maintained in the strict sense originally advocated by Virchow. Other
fnctiof*a, especially lesions of the walls of the heart or vessels, enter
decisively into their causation.

Contact of the blood with abnormal surfaces.  Lesions of the cardiac and
vascular walls,—It is universally recognised that the influence of the
endothelial lining of the vascular channels in maintaining the fluid state
of the hlm:u“i 18 of the first importance. This influence appears to be
partly pﬁ}f&ml and partly chemical, The smooth, non-adhesive character
of _the inner al}rfa,u:a of the heart and vessels is the physical property
which comes primarily into consideration. Whereas the introduction of
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nature and mode of action of the chemical bacterial products concerned
in cansing the thrombi. We may draw the conclusion that lesions of
the intima, apart from their more manifest characters, may possess
certain specific properties especially favourable to the production of
thrombi.

The most important of the structural changes of the vascular and
cardiac walls which cause thrombosis are those due to inflammation,
atheroma, calcification, necrosis, other degenerations, tumours, com-
pression, and injury. Here again may be emphasised the importance
of retardation and other irregularities of the circulation in rendering
these various lesions effective causes of thrombosis. The aorta, for
example, may be the seat of most extensive deforming endarteritis, with
irregular projecting ecalcific plates and ragged atheromatous ulecers,
without a trace of thrombotic deposit. The forcible pulsating current
prevents the adhesion and aceumulation of the formed elements con-
stituting the beginning thrombus, or quickly washes them away. The
presence in some instances of white mural thrombi in the aorta upon
an intima apparently but slightly damaged indicates the importance of
certain specific, although little understood, characters of intimal lesions
in association with changes in the blood.

Foreign bodies, which have penetrated the blood-channels and set up
thrombosis, have been observed repeatedly in human beings, especially
in the heart and abdominal veins. Such accidents have followed swallow-
ing fish-bones, needles, nails, bits of wire and the like. A blood-clot or
thrombus in a vessel, or projecting into the lumen from a wound of the
vessel, may itself be looked upon as a foreign body, and lead to further
extension of the thrombus. There seems to be a certain self-propagating
power in a thrombus. Similar effects are produced by the entrance of
large parasites, such as distomata, by the invasion of tumour-masses,
and by the penetration of parenchymatous cells into the circulatory
channels (p. 260).

_Infm‘-iw thrombi.  Thrombo-phlebitis.—Phlebitis, as a cause of throm-
bosis, has reacquired within the last few years so much importance that
1t is here singled out from other lesions of the vascular wall for special
consideration.

In the first half of the present century, mainly through the influence
of John Hunter and of Cruveilhier, thrombosis was by many regarded
only as an expression of inflammation of the inner lining of the vessels,
The material composing the thrombus was considered to be, at least in
part, an exudate of coagulable lymph from the inflamed vascular wall.
Virchow, by his monumental work on thrombosis and embolism, dating
from 1846, reversed this order of things, and made, for the great majority
of cases, the thrombus the primary and essential phenomenon, and the
inflammation of the wall, if present, a merely secondary effect. Phle-
bitis ‘]‘EEPPE“"NL}J-E a_chapter, from works on internal medicine, and
E}:i:zrhhmfhsmik litﬁ PI-}GE- ?-"ithin‘ recent years, and again chiefly

g ork of French investigators, the pendulum has swung
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Impaired circulation cannot serve as a common etiological shelter
for this whole class of thromboses. There is no definite and constant
relationship between the condition of the circulation and the occurrence
of these thrombi. While many appear during great debility, others of
the same nature, and often in the same disease, occur when the heart’s
action is not notably weak. Thrombosis may ensue early in influenza.
It is oftener a sequel than an accompaniment of enteric fever. On the
other hand, the cireulation may be extremely feeble for days without
the appearance of thrombosis. . ;

Many of these so-called marantic thrombi are unquestionably of
infective origin. Vaquez, in his monograph on phlebitis of the extremi-
ties, published in 1894, has brought together the results of the obser-
vations of others,and especially those of hisownand Widal's investigations,
which demonstrate that bacteria are often present in these thrombi and in
the adjacent vascular wall. Since the appearance of Vaquez' monograph
there have been a number of confirmatory observations. Widal
emphasises the importance of searching for bacteria in fresh thrombi,
and in the antochthonous part of the thrombus and the adjacent wall of
the vessel. The largest contingent of positive results has been furnished
by the examination of puerperal thrombi,—many of which indeed are
examples of septic thrombo-phlebitis, and of the marantic thrombi of
chronic pulmonary tubereulosis ; but bacteria have also been found in
thrombi complicating or following typhoid fever, influenza, pneumonia,
cancer, and other infective and cachectic conditions.

In relatively few instances has the specific micro-organism of the
primary disease, as the typhoid or the tubercle bacillus, for example,
been present in the thrombus; more frequently secondary invaders,
especially streptococei and other pyogenetic bacteria, have been detected:
so that the thrombosis is considered to be oftener the result of some
secondary infection than of the primary one. Colon bacilli have been
found in typhoidal and other thrombi; but as these bacteria are found
so commonly in the blood and organs after death from all sorts of
causes, no great importance can be attached to their mere demonstration
without some further evidence of their pathogenetic activity. As might
be expected, streptococci are the bacteria found most frequently in
puerperal thromboses. Singer believes that gonorrheal infection is
also a possible factor.

Not only in thrombi of infective diseases but also in cachectic
thromboses have bacteria, and here again most frequently pyogenetic
forms, been demonstrated. Nor is this surprising when we consider
the frequency of secondary infections in chronic diseases, especially as a
terminal event; as hfm been clearly brought out in the analyses, by
Fle_xnar, of thF autopsies at the Johns Hopkins Hospital, where bacterio-
logical examination is a routine procedure at the post-mortem table.
Many of these inlfectiuns are unsuspected during life.

The supposition that in all of these cases the bacteria are accident.
ally or secondarily present, and in no way concerned in the causation of
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one. Many of the examinations were of thrombi sufficiently recent to
exclude this possibility.

To explain these non-bacterial cases, the French writers assume the
existence of a primary toxic endophlebitis, the toxins being either of
bacterial origin or derived from other sources. Ponfick, many years
ago, called attention to the occurrence of degenerations of the vascular
endothelium in infective diseases; and there can be no doubt of the
frequency of both degenerative and inflammatory changes of the intima
in toxic and infective conditions.

A lesion which I have seen in the intima of veins (less frequently of
arteries) in typhoid fever, diphtheria, variola, and other infective diseases,
is a nodular, sometimes a more diffuse, accumulation of lymphoid and
endothelioid cells beneath the endothelium. These cells, as well as the
covering endothelium, may undergo necrosis; indeed the appearances
sometimes suggest primary necrosis with secondary accumulation of
wandering cells and proliferation of fixed cells. These foci are not
unlike the so-called lymphomatous nodules found in the liver in typhoid
and other infections. They may unquestionably be the starting-point
of thrombi, as has been shown by Mallory in his study of the vascular
lesions in typhoid fever. Although this form of endophlebitis or
endarteritis resembles that demonstrably caused by the actual presence
of bacteria in the intima, bacteria are often absent, even in the fresh
lesions ; so that it is reasonable to suppose that the affection may be
caused by toxins. T think that this toxic endangeiitis is of import-
ance in the causation of thrombosis complicating infective and cachectic
states.

There are, however, instances of so-called marantic thrombosis where
no visible alteration of the intima can be made out at the site of the
thrombus, or only the slight fatty degeneration of the endothelium
which is such an extremely common condition that it does not afford a
satisfactory explanation,

It is L{{bviuus that bacteria are likely to find especially favourable
opportunities to gain lodgment, and toxic substances to do injury, in
situations whem; the blood-current is slow and thrown into eddies ; but
l;lm-1 lmlaahss!,tm:ll‘ in these situations of thromboses cu:-rﬂplicat:ing infective
and chronic diseases has perhaps been unduly emphasised. These
;Elllea:;l::;is mdni}srezzzur ?E]se}:vhere_, even in the aorta and larger arteries.
mricnaitiasg o msl.l [][;t.ib e veins, espjmml]y cl?mnm‘ endophlebitis n.nvd

; ons predisposing to infective and cachectic
thromboses.

e Tr};::s “;,E;' z:: lﬁﬂuzl:ﬁed_ in ﬂssi[.lgning a far more prominent place to
of t}%-umioais tl?fm_ gﬂ?‘llam? = BT Phlshiisiin Ghe otiology
e futlrhn;e.’t llm‘l recent years, has been customary since
i o C s BRakions, recent attempts to refer all
boses, formerly called marantic, to the direct invasion of micro-

organisms and to phlebitis go beyond demonstrated facts. We h
not at present any satisf i i e iR
Yy satistactory bacteriological and anatomical substratum
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than to dissolved hazmoglobin (Wooldridge). The coagulating prin-
ciple here, as well as of the various tisaue-axtraﬂt&,ris believed to
be a nucleo-proteid which, by combination with caleium, forms the
fibrin-ferment. It is to the presence of this ferment or the subse-
quent liberation® of the ferment that the dangerous intravascular clots
following the injection of defibrinated blood or the transfusion of
foreign blood are due. The coagulative effect of snake-venom under
certain conditions is referred by Halliburton to proteoses free from
phosphorus, and therefore not nucleo-proteids. The action of snake-
venom upon coagulation is probably analogous to that of various toxic
albumoses, bacterial and vegetable. They are in general to be ranked
among anti-coagulating substances ; but the result varies with the dose,
the manner of injection, and other circumstances. Wooldridge has shown
that thromboses are particularly prone to occur in the territory of the
portal system after theinjection of various substances favouring coagu-
lation. Fibrin-ferment may be used up in the process of intravaseular
clotting, so that after this has taken place the remaining blood may be
incoagulable.

Interesting as these experimental results are to the physiologist, and
with reference to the theories of the coagulation of blood, it is
difficult to utilise them in any satisfactory way in the explanation
of ordinary human thrombosis, Most of the experimenters make no
statement as to the microscopical structure of the intravascular clots,
which are described generally as soft, dark red masses ; and they seem to
identify them with ordinary human thrombi, being apparently not familiar
with the researches on the peculiar constitution of the latter. Some of
the substances used for the experiments cause precipitates in the blood,
and many are very destructive to the red corpuscles. Hanau, however,
has shown that masses of platelets may be present in these clots.

Conditions analogous to those set up in these experiments may
oceur in human beings ; but they are, so far as we know, most excep-
tional.  Especially do we lack satisfactory observations, in cases of
thrombosis in huma‘n'heinga, of increase of fibrin-ferment in the blood.
Considerable quantities of fibrin-ferment, more than are likely to be
liberated unider any probable circumstances in man, can be injected into
the circulation without causing coagulation. Still it is possible that
the mechanism by which this excess of fibrin-ferment is neutralised
and coagulation prevented may be paralysed under certain conditions.
There are certain instances of rapidly-formed red thrombi in vessels with
apparently normal walls which, in the absence of other explanation, it
};?;::ﬁlh:g::?i?lr;uT];‘?lEmnt to raii;ar to i:ermr:nt-i_ntnxi{:atinn. Kﬁhl?r‘ and
P cauh:' t_mm;}r thrombi, especially those complicating
liberation of ﬁl}rin-f;rrl[funiﬁtlfsi:lmm; hc'lasl-; f]xpllymnml e fes
Tttt ood, and they call them, therefore,
dmﬁ:ﬁ: ';T i‘ﬁ:gﬂm‘iﬁg as thrombi from precipitation (thromboses par pré-

any which others call ferment-thromb; ; especially those
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following injection of various destructive substances into the circulation,
and those caused by burns and freezing.

Silbermaunn and others assert that thrombosis, particularly multiple
capillary thrombosis, plays an important part in extensive superficial
burns, and in poisoning with various substances destructive to the
blood corpuscles, such as anilin, potassium chlorate, arsenic, phosphorus,
sublimate, carbonous oxide, illuminating gas. These views need
further confirmation before they can be accepted, as several observers
have obtained only negative results in searching for thrombi in the
same class of cases.

Notwithstanding the lack of a substantial basis of demonstrated
facts for the opinion that human thrombosis is often caused by liber-
ation of fibrinferment in the general blood-stream, it would be quite
unreasonable to suppose that chemical changes of the blood are without
influence upon the occurrence of thrombosis in man. Indeed, in
infective and toxic conditions such changes are doubtless the under-
lying factors. Both the circulatory disturbances and the alterations in
the vaseular wall to which we attribute the production of thrombi are
the result of damage done to the heart and vessels by bacterial and
other toxins. More than this, there is good reason to believe that
alterations in the formed elements of the blood, caused directly or in-
directly by toxic substances, are of great significance in the etiology of
thrombosis. The platelets are in all probability cell-derivatives ; and
we may well suppose that damage inflicted upon leucocytes and red
corpuscles may favour their production, and that, in consequence of
abnormal composition of the plasma, the platelets themselves may more
readily undergo viscous metamorphosis, and form plugs. In view of
recent observations in favour of the origin of platelets from red corpuscles,
the studies of Ehrlich, Maragliano, von Limbeck, and others, eoncerning
degenerations and increased vulnerability of these corpuscles in various
diseases, are of interest with reference to thrombosis ; but it must be
confessed that we cannot at present make more than a hypothetical
application of these results to the explanation of certain forms of
thrombosis. To diseuss here further the hypotheses upon this subject
would be barren of any useful result.

Increase of bload-platelets.—In view of the essential part taken by
blood-platelets in the formation of thrombi, it is important to inquire
whether thrombosis can be brought into any relation with a pathological
increase of these elements. Some observations of the existence of such
a relationship are highly suggestive.

Especial difficulties are encountered in the efforts to enumerate the
platelets on account of their small size and their viscid consistence, which
causes them to clump together. Brodie and Russell give, as the norm,
one platelet to 85 red corpuscles; or about 635,000 per cubic millimetre.
This estimate is considerably higher than that obtained by others, prob-
ably, however, by less accurate methods. Van Emden gives as the average
for human beings in health 245,000 ; which corresponds fairly well with
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It cannot be doubted that not a few cases reported in literature as
primary arterial thrombosis are to be attributed to embolism which was
overlooked. The possible sources of emboli for the aortic system can
be usually controlled much more readily than those fm: tha_pu]mcrnm*y
arteries ; for the latter sources embrace all the systemic veins. ~ These
veins may contain mural thrombi, or in places occluding thrombi, which
give no signs of their presence. The possibility that an entire thrombus
may be detached and transported by the blﬂﬂd-curre_nt, so that its ori-
ginal location cannot be determined, is also to be cunslc}ered. But, after
all has been said, it is carrying scepticism to an unjustifiable extreme to
refuse to admit the occurrence of primary arterial thrombosis in infective,
cachectic, and an®mic states, under circumstances where the localisation
cannot be attributed to arterio-sclerosis or other pre-existing arterial
disease. Mr. Jonathan Hutchinson has recently reported observations
of rapid thrombosis of arteries without obvious disease of the walls.

The most frequent site of arterial thrombosis is in the extremities,
and far more frequently in the lower than the upper. Arterial throm-
bosis, unlike venous, oceurs on the right side as often as on the left. Other
situations, more or less common, are the cerebral, pulmonary, coronary
of the heart, mesenteric arteries, and the aorta and its primary branches.

Venous thrombi.—These may result from local causes, such as trauma-
tism, compression, phlebitis, phlebo-sclerosis, varix (266), inflammation
or other lesion of surrounding parts, and connection of venous terminals
with septic or gangrenous foci.

Vascular thromboses due to general causes are, in the great majority
of cases, situated in veins; and to this group the chief medical interest
attaches. In special characters of the venous circulation we must seek
the explanation of the greater effectiveness of these general causes in
veins than in arteries. The physiological peculiarities, partly general
and partly local, which come especially into consideration, are—the
slower mean speed of the blood in veins than in arteries ; the low blood-
pressure ; the flow from smaller into larger channels ; the absence of
pulsation ; the presence of valves ; fixation of the venous wall in certain
situations to fascie and bone ; the existence in some places of wide
sinuses and ampullar dilatations : the agency of certain subsidiary forces,
such as muscular contraction and movements of the limbs, in assisting the
flow in the veins; the composition of venous blood, particularly the
higher content of CO,, and perhaps the functions of the capillaries and
small veins in the production and absorption of lymph., It is obvious,
without detailed explanation, that some at least of these special
characters must render the venous system much more favourable than
t'I]a arterial to the occurrence, under the general conditions known to
ﬁlﬂPF'ﬂﬁ to thromhosis, of retardation of the blood-current ; eddyin g
motion of the blood, and damage to the vascular wall from impoverished
and insufficient hlnud-supply, or prolonged contact with miero-organisms

and toxic substances, the agency of which in the etiology of thrombosis
has already been considered.
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remote parts of the saphenous vein by the side of the tendo Achillis.
As the collective sectional area of the veins steadily diminishes from
the capillaries to the heart, the average speed of the blood must be
greater in the large veins than in the small ones, if the circulation is to
continue for any length of time; and this remains true even when the
energy of the blood-current is feeble.

Much more satisfactory, it seems to me, is the explanation offered
by von Recklinghausen, of which mention has already been made
(p. 167). This explanation places the chief emphasis upon the eddying
movement (Wirbelbewegung) of the outer lines of flow of the blood-
stream when there are counter-currents, or when the blood with
retarded flow passes from smaller into larger channels or over obstruc-
tions, or especially into spaces relatively too wide for the received
volume of fluid. Especially favourable for the appearance of this
irregularity of the cireulation are the ampullar dilatations just above
the insertion of the venous valves, the intracranial sinuses, and the
femoral vein near Poupart’s ligament, which, in consequence of fixation
to bone or fasci®, cannot readily adjust themselves to a lessened volume
of blood, and in which counter-currents are set up by the obtuse or
right angles at which blood is received from some of the tributary
veins. The trabeculs which cross the cerebral sinuses may be a con-
tributory factor. Similar irregularities of the blood-low must occur
with feeble circulation in other situations, as in the pelvic venous
plexuses, where wide channels are intercalated between smaller ones, in
the recesses of the heart, and in aneurysms and varicose veins. Von
Recklinghausen has pointed out that the plexus-like arrangement, the
entrance of small veins into large ones, and the close apposition of
artery and vein render branches of the renal veins in the kidney
susceptible to irregular blood-currents.

The greater frequency of venous thrombosis in the left leg than in the
right is attributable to the more difficult return-flow from the former,
in consequence of the greater length and obliquity of the left common
iliac vein and its passage beneath the right common iliac artery. It
has been suggested that pressure upon this vein by a distended sigmoid
flexure or rectum may likewise contribute to slowing of the blood-
carrent upon this side. The preponderance’ of thromboses of the left
axillary and hbrachial veins over those of the right is attributed in a
similar way by Parmentier ; that is, to the greater length and obliquity
of the left innominate vein.

_ As has already been urged, these mechanical disturbances of the
circulation are not, by themselves alone, efficient causes of thrombosis.
They slmpi_y mu,ke_ certain parts of the vascular system seats of election
for thrombi. Tt is quite possible to exaggerate their function in the
E::':'l‘:’g.? of thrombosis. The presence of micro-organisms or other
changes in t}_ha blood may induce lesions of the vascular wall in any
part ::}_t' the circulatory system ; and primary thrombi may be formed in
situations apparently the most unpromising, so far as the circulatory
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there is no more favourable situation for the study of the formation of
mycotic thrombi than the acutely inflamed heart-valve. The first step
is the invasion of bacteria, as a rule directly from the blood in the cardiac
cavities, into the endothelial and subendothelial layers. The surrounding
cells undergo rapid necrosis with karyorrhexis ; and simultaneously are
deposited upon the damaged spot masses of conglutinated platelets fol-
lowed by leucocytes and fibrin, these masses forming the vegetations.
Proliferation of the subendothelial and adjacent cells quickly follows,
polynueclear leucocytes migrate into the arvea, and before long new vessels
with organisation of the thrombus make their appearance. A process
essentially the same may occur not only in the mural endocardium but also
in arteries and veins (vegetative arteritis, vegetative phlebitis, p. 172).

Putting aside these endocardial vegetations, it has been customary
to consider the conditions leading to cardiac thrombosis as essentially
identical with those of peripheral venous thrombosis, but there are
differences. Cardiac thrombi are found especially in association with
chronic diseases of the heart, lungs, arteries, and kidneys; in all of
which, with the exception of pulmonary tuberculosis, peripheral venous
thrombosis is uncommon. On the other hand, most of the acute infec-
tive diseases, as enteric fever, influenza, pneumonia, which are so im-
portant in the etiology of venous thrombosis, are in general of less
relative importance in the causation of cardiac thrombosis, although
it may occur ir. these diseases. In cachectic states, especially phthisis
and cancer, the conditions as regards the incidence of cardiac and of
venous thromhi are more nearly identical, for here thrombi are often
enough found in the heart; particularly when there is well-marked
fatty degeneration. Cardiac thrombosis stands in no such peculiar
relation to chlorosis and gout as does venous thrombosis, although its
occurrence in these diseases is not unknown. The great field for cardiac
thrombi is afforded by diseases of the valves and walls of the heart, and
especially by dilatation of one or more of its cavities with cardiac in-
sufficiency (asystole of the French school) ; conditions which, in spite of
the great retardation of the venous flow, are not often attended by
peripheral venous thrombosis, unless in association with diseases known
to dispose to the latter.

The seats of election for cardiac thrombi are the auricular appendices
and the ventricular apices between the columns carnes ; the par-
ticular sitnation varying as the cause may affect the whole heart, or only
one side, or one cavity. In cardiac insufficiency from general or local
causes these recesses and pockets must offer the best possible conditions
for slowing of the blood-current, and especially for the formation of
eddies. That there is no actual stasis of the blood is shown by the gray
or I‘EEIdIEh gray colour of the thrombi.

The familiar globular thrombi (végétations globuleuses of Laennec)
are by far the commonest form of cardiac thrombus. Varying in size
usually from a pea to a hazel-nut they may attain the size of a hen’s
egg. They are usually multiple, and neighbouring ones are connected
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whether the bacteria are the direct cause of the thrombosis, or are
secondary invaders, Kotlar interprets his case as the development of
miliary tubereles in an organised thrombus.

As there are unquestionable instances of finding emboli derived from
venous thrombi in the right heart, the possibility of a thrombus arising
secondarily from such an embolus in this situation may be admitted ;
but I know of no convincing example.

Ball-thrombi, loose in the left auricle, are rare forms of cardiac
thromhbi. The first observation which I have found of such a thrombus
was published by William Wood in 1814, in Edinburgh. As in other
typical cases, the loose thrombus was in the left auricle and there was
extreme mitral stenosis. The patient, a girl 15 years old, had the
regular symptoms of chronic valvular disease. Death was not sudden,
Wood thus describes the appearances: “ The substance occupying the
sinus venosus of the left auricle, when particularly examined, was found
to be of a darkish red colour, in form completely spherical, measuring
rather more than an inch and a half in diameter. It felt firm, but
elastic ; the surface was everywhere smooth and polished, but having a
singularly clotted appearance. Rolling loosely in the auricle, it had no
connection with surrounding parts. When cut open, after having been
kept for some days in diluted alcohol, it was found to consist of a sac,
one-eighth of an inch in thickness, formed of an immense number of
firm, smooth laminge, which could be easily separated from each other.
Within the cavity formed by this sac was contained a quantity of
coagulated blood.” Adherent to the wall of the auricle near the mitral
valve was a firm, oval thrombus on the free surface of which was a
superficial concavity which formed a “kind of socket for the loose ball
to roll in.” This last feature is a unique observation. :

In 1863, Dr. J. W. Ogle reported a typical instance of ball-thrombus
i the left auricle with extreme mitral stenosis, and accompanied the
report with an admirable drawing. In 1877 Dr. Wickham Legg reported
likewise, to the London Pathological Society, two cases of ball-thrombi
in the left auricle with mitral stenosis. He refers to Ogle’s specimen
;n:hu:h h:a re-examined, and to a fourth specimen in the museum of St.
Thomas’s Hospital. One of his cases is unique in the presence of two
ball-thrombi in the left auricle. This patient was brought dead to the
hospital, and presumably died suddenly in the streets. Von Reckling-
hausen’s brief description, in 1883, of two cases of ball-thrombi is quoted
:::rj the subsequent German records on the subject as the first observa-
1on of this interesting form of cardiac thrombus; although there were
glfg{ih f:"f‘:‘f;ql:;ﬁwc:uls ;}ccsﬁlts of at least fmn_' cases, with mention of a
thns:z 5 i.‘J 4 anz 1{L . Ilbblsl rccctrd:e, extending hafr.:.l-: as far as 1814 ;
ﬁ E egg mng_ﬂmtmnly very accessible in the Transac-

'-’”fS of & Lﬂndq_n;; Pathological Society.  Macleod’s case of loose
]t;ll:ﬂmbu;. in t:a right auricle is properly excluded by von Reckling-
I:IHETL rom the class of ball-thrombi. Tf the conception of a ball-
thrombus be simply that of a loose thrombus too large to pass through
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of a hen’s egg; in Wood’s case the thrombus was over an inch and a
half in diameter, and in Ogle’s the weight was more than four drachms.
In ten the shape was spherical ; in four ovoid ; in one (probably of recent
separation) a somewhat irregular flattened hemisphere. In six the
. surface was smooth and polished ; in six marked by granules, lines, ribs,
or little depressions ; in two smooth and knobbed ; and in one (Redten-
bacher’s) beset with very fine, gray, fibrinous villi. Nine were centrally
softened ; four solid throughont; and for two there is no statement on
this point. The colour was gray or reddish gray ; in Wood’s “darkish
red.” In the majority of cases it is said there were adherent thrombi in
the left auricle, usually the appendix ; and where this is not expressly
stated they may have been present. In five cases only was there a
rongh or projecting spot on the surface of the ball indicative of the
previous attachment ; and in two this spot was not at all smoothed off : so
that the detachment was evidently very recent, possibly indeed during
the autopsy, as in one of the two loose balls in Legg’s first case.
Krumbholz says that the surface of his thrombus was covered with
endothelium, In none, however, was any distinet evidence of organisa-
tion detected, for von Ziemssen’s statement on this point is too indefinite
to be considered.

Ogle, in 1863, clearly recognised the mode of production of a ball
thrombus “by the constant and free agitation of a fragment of fibvinous
coagulum separated from some part of the endocardium, and uniformly
increased by fresh material at its circumference precipitated from the
surrounding blood-stream.” Von Recklinghausen has given the fullest
and most satisfactory explanation of the spherical shape and smooth
surface, in noting that at least some ball-thrombi have a globular shape
when first detached ; and that irregular bodies, of the consistence of
thrombi, rotating in a cavity and growing by successive accretions,
assume a spherical shape by a process of moulding, and not by the
grinding or breaking off of corners and projections, as was suggested by
Hertz to account for the smooth roundness of ball-thrombi. In two or
three instances where the ball-thrombus has consisted of a central
irregular nucleus enveloped in a concentrically laminated capsule, it has
h];zen assumed that the fcrmez_‘ represents the original detached part, and
%17?1 _]]atter successive accretions during fman‘ rotation in the auricle.

hile suggestive of such an interpretation, this structure may, however,
exist in still adherent globular thrombi. It seems to me probable that
most ball-thrombi are smooth and at least approximately spherical when
first detached. It is difficult to say how much a thrombus may have

grown after its separation,
auriiﬁlﬁfa;]y {:]lr}gli{:as&rsltlm :::ét;lse thrombus apparently came from the left
i EI{]JTEES]{EPELMEE’ ;‘;];irih e:t&nt thrnn]lbl were rarely ?uns:aed when it
dark red colour, central bﬁ}ﬂ'n‘:iﬂrlﬂtsearg .
posatlility that tthe i "‘_’ ot, and polished surface suggest the
h:emﬂrrhage Bl o y was a separated pul_ypus 1‘1.35111!;11]3‘ _frpm
of the auricle or from a varix ; and this opinion
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opening the heart, occupying with its smaller ‘end'and completely block-
ing the funnelshaped mitral orifice, from which it was readily removed
by the fingers. At one pole of the thrombus was an irregular, 1-nughened
spot indicating a former attachment, probably to a thrombus in th'e
appendix. There can be no reasonable doubt that the thrombus in this
case was the cause of the sudden death, which is certainly not a common
oceurrence with such moderate uncomplicated mitral stenosis at the age
of this patient. Indeed sudden death is less common in uncomplicated
mitral stenosis than in aortie valvular disease ; as the former oceurs often
in young women, and is usunally unassociated with disease of the coronary
arteries. In the three other instances of sudden death with ball-thrombus
the ages were 21, 22, and 39 years respectively. Only in one of these
was the thrombus a perfect sphere; so that it would appear that an oval
thrombus is more likely to plug the mitral orifice than a spherical one.
This view is strengthened by the fact that of the four observations of
ovoid thrombi in three death was sudden. In the light of our case it
seems clear that a ball-thrombus may ““act as a ball-valve and stop the
cireulation in the mitral orifice,” as suggested by Legg; but it is certain
that this is an exceptional occurrence.

Under the name of cardiac pedunculafed polyps various formations have
been described. Some of these are ordinary unorganised or partly
organised polypoid thrombi, about which nothing more need be said ;
but others are very remarkable structures which occupy an entirely
exceptional position, not only among cardiac thrombi but among thrombi
in general. In the older records some of the latter were described as
fibromatous or myxomatous polyps,—two as hematoma ; but in the later
reports most have been recognised as organised thrombi. They are often
called true polyps in distinction from the false polyps of the older
writers.

The literature of the subject begins with Allan Burns in 1809.
References to many of the cases will be found in the papers of Hertz,
zam Busch, and Pawlowski. Among the noteworthy observations since
Hertz are those of Czapek, Voelcker, Bostroem, and Ewart and Rolles-
ton. I have found records of thirty-three cases, at least twenty of
which were well-characterised, organised, pedunculated polyps. Twenty-
five sprang from the wall of the left auricle, usually the septum ; four
from the right auricle ; four from the left ventricle.

. The following are the more notable features of these eurious forma-
tions :—In many Imstances no cause whatever could be found for their
occurrence. The hearts containing them were often otherwise entirely
normal, with the exception of changes manifestly secondary to the polyp
such as nodular fibroid thickening of it - eteion

g of the mitral segments and dilatation
gg:ﬂlij;pii:r;ﬁ:y ?{1 the left {I:lll‘lclﬂ and right ventricle. Unlike other

S opdinasy t;u i r:lj;rﬂtai,zed 850 1l;:|l;1 y fa‘lﬁnatluns, m!d _uften unassociated
et v et fﬂ-pc}-lm Ei. e vast majority of these ‘1101_‘]."[}5
short pedicle, som pium Of the left auricle near the fossa ovalis with

, etimes narrow, sometimes broad. They are firm or
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gelatinous, elastic, ovoid or pear-shaped formations, in several instances
hanging down into the left ventricle with a constriction corresponding
to the mitral orifice, The surface is usually glistening, smooth, and
covered by a distinct membrane which often resembles the endocardium.
It may present calcifie, atheromatous, or pigmented patches ; and upon it
may be irregular knobs and depressions. The colour is described as
yellowish, gray, dark red or brownish red ; the colour often varying in
different parts of the polyp. A prevailing dark red colour has been
observed in a large number of the cases. In distinction from nearly all
other cardiac thrombi, these polyps are more or less organised by con-
nective tissue and vessels ; the organisation in some being little marked,
in others so far advanced that the structure resembles that of a fibroma
or myxoma. The central part is often unorganised or less organised than
the base and periphery. In the incompletely organised forms the sub-
stance of the polyp is composed of red corpuscles, fibrin, granular
detritus, yellow blood-pigment, leucoeytes, and other cells between the
blood-vessels and fibrous septa. Laminated fibrin may be present in the
peripheral layers. Unless ordinary thrombi are likewise present, emboli
are usually missed. A further distinetion from the ordinary cardiac
thrombi is that many of these polyps, by encroaching upon the mitral
orifice, are of as much clinical as anatomical interest; the diagnosis
during life in these cases being mitral disease, usually stenosis.

We have no satisfactory explanation of these pedunculated polyps.
The ordinary causes of thrombosis are generally absent. Their com-
monest site of origin, the septum of the left auricle near the oval fossa,
is not a usual situation for ordinary thrombi. They stand in no demon-
strable relation to patency of the foramen ovale or to circumscribed
endocarditis in this situation.

Bostroem has suggested that an explanation may be found in the
existence of varicose veins which have been observed repeatedly in the
septum, usually near the posterior quadrant of the foramen ovale. A
difficulty with this explanation is that nine out of ten of the varicosities
observed by Wagner, Zahn, Rindfleisch, and Bostroem were on the right
side of the septum. In one instance, however, Bostroem found in the
left auricle a spherical, dark red polyp, 13 mm. in diameter, attached
by a short narrow stem to the septum on the posterior lower margin of
the completely closed foramen ovale. This proved to be a varix con-
taining a phlebolith. In another case a similar thrombosed varix had
broken from its pedicle on the septum of the right auricle, and was
lodged as an embolus in a branch of the pulmonary artery. ‘He suggests
this as a possible source of ball-thrombi. Of still greater significance 1s
Bostroem’s demonstration in an old museum specimen, labelled * throm-
bosis of the right auricle (pedunculated cardiac polyp) peripherally
organised,” of an enormous completely thrombosed varix almost filling
the right auricle. In still another case he proved conclusively that
a broad-based, nearly spherical polyp, oceupying & large part of the right
auricle, was a heemorrhage in the wall of the auricle. Choisy and
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Nuhn long ago interpreted the polyps, which tt}e:,r observed, as the
result of heemorrhage in the septum of the left aurltfle. 2

In the light of Bostroem’s interesting investigations, more attention
than has been customary should be given to the possibility that
pedunculated polyps are the result of hemorrhage or are t-hr_umlfmsed
varices. Most competent investigators, however, have unhesitatingly
pronounced the polyps which they have examined to be organised
thrombi. It would appear, therefore, that the nature of these forma-
tions is not always the same. At any rate the great majority of the
typical pedunculated polyps, to which the preceding description applies,
occupy a position quite apart from ordinary cardiac thrombi. As already
remarked, by no means all of the cases described as true cardiac polyps
belong to this peculiar group. Some, as in Krumm’s case, are ordinary
partly organised thrombi attached to diseased patches of the heart wall.

Association with Certain Diseases.—Thromboses may be divided, as
regards their clinical relations, into the following groups: (i.) those
resulting from direct injury of vessels, including the penetration of
foreign bodies; (ii.) referable to diseases of the vascular wall, as to
angio-sclerosis, syphilitic arteritis, aneurysm, varix; (iii.) caused by
lesions of neighbouring parts; (iv.) thromboses of arteries and veins
whose terminal branches end in septic and gangrenous areas; (v.) com-
plications or sequels of (a) infective diseases, () cachectic and anmmic
states, (¢) cardiac disease, (4) certain constitutional diseases; (vi.) idio-
pathic and primary infective thromboses. Several of these groups, being
mainly of surgical interest, will not be considered here. The thromboses
embraced in the fifth and sixth groups are of such special medical in-
terest that it is proper in this article to give them particular attention ;
although it is manifestly impossible within reasonable limits to take up
all in detail. Some of them are noticed in other parts of this work.

Enteric fever—Cardiac thrombosis is a rare complication of enteric
fever. In 2000 fatal cases of enteric fever in Munich there were only
eleven instances of acute endoearditis (Hélscher). Girode, Viti, Carbone,
and Vineent have found the typhoid bacillus in endocardial vegetations ;
and vegetative endocarditis has been produced experimentally by intra-
vascular injections of pure cultures of the typhoid organism combined
with injury to the valves. More frequently the endocarditis has been
due to secondary infection. In rare instances in the course of enteric
fever globular thrombi are formed in the auricular appendages and ven-
tricular apices; and these, as well as the endocardial vegetations, may
be the source of emboli.

Arterial thrombosis is a still raver event, but, in consequence of its
gravity, an important one. Bettke, in 1420 cases, found four of gangrene
of the extremities ; but in 2000 Munich autopsies no instance is recorded,
n.h result in contrast with fifty-nine of thrombosis of the femoral vein in
: n':. ISﬂm? lsaneﬂ. Keen, in his admirable monograph, has collected and

ysed 115 cases of gangrene associated with enteric fever, and due to
plugging of the arteries. In twenty-one cases arterial thrombosis was
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of these will be found in the monographs of Leichtenstern and of Lasker ;
but their lists are far from complete. In a partial collection of the
cases 1 find that the popliteal artery was occluded in six ; the femoral in
four ; the iliacs, the axillary, the brachial, the pulmonary, and the renal
each in two; and the central artery of the retina (embolism being prob-
ably excluded) in one. The cerebral arteries were repeatedly invaded.
In several instances there were multiple thrombi. Symmetrical gangrene
following bilateral plugging was observed in a number of cases.
Gangrene was observed in all the cases of occlusion of the arteries of the
lower extremities, but not regularly with that of the upper.

It is difficult to say in how many cases the occlusion was due to
embolism.  Endocarditis is a rare but recognised complication of
influenza, and globular cardiac thrombi have also been observed. In
the great majority of cases it seems clear that there was primary
arterial thrombosis.

Fenous thrombosis is a far commoner result of influenza ; and has been
the subject of a special memoir by Chaudet, and of numerous articles in
the medical journals of all countries. Twenty-five cases are recorded in
Guttmann and Leyden’s collective investigation, and many additional
ones are to be found in the vast literature on influenza. Dr. Goodhart,
in his article on “Influenza” (vol. i p. 683), notes the frequency and
the occasional diagnostic value of this complication, which may appear
during the course of the disease or weeks afterwards, and in mild as well
as severe cases. In the great majority of instances the femoral vein was
attacked ; but the veins of the upper extremity were thromhosed more
frequently than in other acute infective diseases. Leichtenstern notes
the acute onset and course in some of the cases. There are records of
thrombosis of the cerebral sinuses in influenza. Klebs and Kuskow
describe capillary thrombi in the lungs.

Few observers are satisfied with the explanation of either the
arterial or the venous thromboses of influenza as marantic. TLeyden
suggests as a cause increase of blood-platelets from disintegration of
leucocytes. Evidences of such disintegration, or of masses of platelets
in the blood, have been noted by Klebs, Chiari, and Biumler. Marag-
liano observed the onset of necrobiotic changes of the red corpuscles in
influenza almost immediately after withdrawal of the blood. French
writers for the most part attribute the thrombosis to infective arteritis
or phlebitis (artérite grippale, phlébite grippale). Rendu, however, in
his case of arterial thrombosis rejects this explanation ; as he found the
walls of l;ha thrombosed arteries entirely normal (nothing is said of a
microscopical examination), and he attributes the thrombosis to feeble
circulation. In his case there was also a thrombus with softened centre
in the left ventricle, and the ocelusion of the artery may have been due
primarily to an embolus. Gerhardt attributes the gangrene in his case
Eﬂ;g;{-f;ﬂ{n ::rf :ln?,_ arteries, cnnsjdt}ring it therefore analogous to sym-

il Or arterio-spastic gangrene. In gupport of the more lj]‘gbﬂ_,h]g,

view that the thrombosis is the result of some chu,ngu in the vascular
VOL. VI
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several instances of influenzal thrombosis pneumonia had oceurred,
Laache ranks pnenmonia next to influenza and ente?'ic fever as regards
the frequency of occurrence of peripheral thrombosis ; but this event is
far commoner in the last two diseases. The affection occurs during
convalescence, rather than in the course of pneumonia ; and presents the
same general characters as the phlegmasia alba dolens of enteric fe?gr‘.
Da Costa very plausibly attributes it to a primary infective phl_el:rltls.
Mya, in one of his cases, found pneumococei in large numbers in the
thrombus.

Acute articular rhewmatism.—There was a time when rheumatic phle-
bitis ranked in importance next to the puerperal form ; but it is now
recognised that most of the cases of thrombosis attributed by the older
writers to rheumatism had nothing to do with acute articular rheuma-
tism. Schmitt and Vaquez have sifted the reported cases, and they
find that, while phlebitis or venous thrombosis is to be recognised as a
complication of genuine acute rheumatism, it is a rare one. The infre-
quency of this event is noteworthy in view of the fibrinous state of the
bloed and the frequency of acute endocarditis. Gatay has reported a
doubtful case with negative result of the bacteriological examination of
the thrombus. Legroux reports an instance of thrombosis of the
brachial artery without gangrene in acute articular rheumatism.

Appendicitis.—Mention may be made of the occurrence of thrombosis
with appendicitis, as this affection is of medical as well as surgical
interest. Besides the septic thrombo-phlebitis of the mesenteric and
portal veins, thrombosis of the iliac and femoral veins may oceur on
the left side as well as on the right. The published reports indicate that
this is more common on the right side; but in the 131 cases of appendi-
citis in the service of my colleague Professor Halsted, with the notes of
which Dr. Bloodgood has furnished me, there were four instances of peri-
pheral venous thrombosis, all of the left leg ; one being limited to the
calf. Three of these were in chronic appendicitis, the operation being
between the attacks. Mynter, who has alse observed thrombosis of the
left femoral vein, attributes it to great prostration and weak cireulation.
It is interesting to note the analogy of appendicitic thromboses to
puerperal thromboses, where we also have septic and suppurative thrombi
in veins immediately adjacent to the inflamed organ, and less manifest]
infective thrombi in the veins of the lower extremities. It is probable,
however, that the latter thrombi in appendicitis, as well as in the puerperal
cases, are frequently caused by bacteria, and oftenest by streptococei,
which are concerned in both affections with great frequency. In one of
Mynter's cases sudden death was probably due to pulmonary embolism
following thrombosis of the femoral vein,

{:'-".!Jwr‘uma‘:s infective diseases.—1It would lead too far to continue a
detailed mquiry into the association of thrombosis with other acute
infective diseases. It must suffice to specify typhus fever, relapsing
fever, rrlysantury, erysipelas, suppurative tonsillitis, diphtheria, variola,
scarlatina, measles, Asiatic cholera, 1In many instances thrombosis,
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the inferior vena cava, or other veins, or the cerebral sinu_sea. Dodwell,
in his valuable paper on this subject, places the proportion of cases of
phthisis with this complication at about 3 per cent. In about 1300
necropsies of phthisical patients at the Brompton Hospital there were
twenty cases of thrombosis of veins of the lower extremities (1'5 per
cent). i

The peripheral venous thromboses of advanced phthisis are usually
cited as typical examples of the marantic or cachectic form. Dodwell,
however, while recognising enfeebled cireulation as a factor, is inclined
to refer the thrombosis to some unknown change in the vaseular wall
set up by a complicating septiczemia. He emphasises the infrequency
of venous thrombosis with the acute and the very chronic forms of
phthisis, and its relative frequency with an intermediate type with re-
mittent or continued fever. He also noted association with intestinal
and laryngeal uleeration in a larger percentage of the thrombotic cases
than the average. As is well known, secondary septiceemias, usually
streptococcal, are very common in phthisis.

There are several records of bacteriological examination of the
peripheral thrombi in phthisis, which show that they may be of myeotic
origin. Vaquez found tubercle bacilli, without other micro-organisms, in
a thrombus of the left profunda and femoral veins. They were present
also in the wall immediately beneath the endothelium, but were absent
from the media and adventitia. Sabrazes and Mongour in two instances
found tuberele bacilli both in the plug and in the wall of a thromhbosed
iliac vein: they were associated with micrococei. More frequently
micrococei, presumably pyogenetic, have been found, without tubercle
bacilli, in the thrombi and vaseular walls : examples of this are recorded
by Vaquez. Notwithstanding these suggestive bacteriological findings
it would be quite premature to conclude that all the peripheral
venous thromhoses of phthisis are referable to direct infection of the
venous wall by bacteria. In a rather old thrombus of the iliac and
femoral veins in phthisis T failed to find any micro-organisms, either by
culture or by microscopical examination,

Hirtz has called attention to the oceurrence of phlebitis in the
initial stage of phthisis. Some cases so reported have appeared to be
chlorotic in origin.

Cachectic states.—Of other marasmic or cachectic states, in which
thrombosis is somewhat frequent, may be especially mentioned those
resulting from cancer, dysentery, chronic diarrhoea, gastric dilatation,
prolonged suppurations especially of bone, anmmia from loss of blood,
and syphilis. The association of thrombosis with syphilis has been
recently discussed by Barbe. Phthisis has just been considered. It is
especially in the young and the very old that these conditions are most
likely to produce thrombosis. Thromboses of the cerebral sinuses, and
of the renal and other veins, in marasmic infants, particularly after
diarrheea, are well recognised. Peripheral venous thrombosis is more
often associated with the waxy kidney than with other forms of Bright’s
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of cardiac thrombi in this condition, is the infrequency of periphcr:}l
thrombosis. Hanot and Kahn, in reporting an instance of thrur_ubﬂsas
of the right subclavian vein, say that they were able to find in the
French literature, which is exceptionally rich in clinical cr:mtnbutmna
to the subject of thrombosis and phlebitis, only five additional obser-
vations of peripheral venous thrombosis in cardiac disease. I do not
think that this complication is quite so rare as would appear from this
statement ; for, without any systematic effort to collect cases, I have
found records of eighteen additional ones—Ramirez (two cases), Baldwin,
Nicolle, Hirschlaff (two cases), Robert, Ormerod, Mader, Huchard (two
cases), Cohn (three cases), Cheadle and Lees (three cases reported by
Poynton); and I have observed two instances of femoral and iliac
thrombosis associated with mitral regurgitation.

The most notable fact concerning these twenty-six cases is that seven-
teen were thromboses of veins of the neck or upper extremity or both, far
more frequently of the left than the right side; and one of the innominate
veins. In one of Cheadle and Lees’ cases the innominate, subclavian,
axillary, and internal and external jugular veins upon both sides,
the left inferior thyroid, and the upper two-thirds of the superior
vena cava were thrombosed ; and in another of their cases both internal
jugulars and both innominates were completely plugged, and there was
a mural thrombus in the upper part of the superior vena cava. It
may be that femoral thrombosis is more common in heart disease than
would appear from these figures; it is less likely to be reported
than thrombosis of the neck and arms, and, on account of the cedema
attributable to cardiac insufficiency, may more readily be overlooked
both at the bedside and the autopsy table. When, however, we con-
sider that Bouchut places the ratio of thromboses of the upper extremity
to those of the lower at 1 to 50, the relatively large number of the
former associated with cardiac disease is certainly most striking. The
clinical histories seem to show that thrombosis is more likely to
occur in the cases with tricuspid regurgitation than in others ; but
1t 1s certainly even then a very rare event. In several cases there
was some complication, especially pressure on the veins and tuber-
culosis. The explanation of the greater frequency of the thrombosis
on the left than the right side has alread y been given (p. 181).

. The relative freedom from peripheral venous thrombosis in cardiac
disease, in spite of conditions of the cireulation apparently favourable
to such an occwrrence, may perhaps be attributable partly to the
reduction in platelets in this condition (which has been noted by van
Emden), and partly to the absence of von Recklinghausen’s “ Wirbel-
hawagung " (p. 181), an irregularity of the ecirculation which oceurs
especially in vasa:c]s too wide in proportion to the amount of blood
which they receive. _Hanot and Kahn refer the thrombosis to a
cachectic state dcvelqplng in the last stages of cardiac disease. Huchard
!1kcw1_aa attributes it to cardiac cachexia associated with secondary
infection. Cheadle and Lees' three cases are referred by Poynton, who
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Dr. Tuckwell reports his case as one of embolism ; but it 1s usually included
among the arterial thromboses, and probably with as much or as little
right as the others.

All the remaining 78 cases were venous thromboses. There was
thrombosis of the cerebral sinuses in 32 cases (39 per cent), 6 (19
per cent) of these being associated with thrombosis of the lower
extremities. In four instances thrombi extended from the sinuses into
the internal jugular veins. Unquestionably sinus-thrombosis 1s repre-
sented by too high percentage figures in my list, for the obvious reason
that reports of an affection of such gravity and such interest, especially
to neurologists, are much more likely to get into print than those of
ordinary femoral thrombosis. Still the figures are impressive, and
indicate that sinus-thrombosis is not of great rarity in chlorosis; to
which malady a leading place among the causes of spontaneous
thrombosis of the cerebral veins and sinuses in women must be con-
ceded.

In 51 of the 82 cases there was venous thromhosis of the extremities
(62°2 per cent—too low a percentage as already explained); 50 being
of the lower and three of the upper, of which only one was limited to
the upper extremity. Of the 50 cases of thrombosis of the lower
extremities (which are probably involved in at least 80 per cent of all
chlorotic thromboses), the process was bilateral in 46 per cent, and
unilateral in 54 per cent—34 per cent heing left-sided and 20 per cent
rightsided. The usual preference of femoral thrombosis for the left
side is shown by the beginning of the affection in the left leg in 64
per cent of the thromboses of the lower extremities, in the right leg in
29 per cent, and on both sides simultaneously in 7 per cent. There is
in the list one case (Kockel’s) with meagre history, in which no mention
is made of thrombi outside of the upper part of the inferior vena cava :
death ensued from pulmonary embolism. This I have not included
among the thromboses of the extremities.

So large a proportion of thromhboses involving both lower extremi-
ties merits emphasis as a characteristic of chlorotic thrombosis. So again
the repeated observations of multiple and successive thromhoses, re-
lapses and recurrent attacks (it may be after weeks or after years), all
point to the peculiar and widespread tendency to thrombosis in some
cases of chlorosis. The most remarkable example of this is Huels’
case, in which various large veins of the extremities, trunk and neck
became thrombosed in quick succession, until finally only the j ugular and
right subclavian veins remained free. The patient recovered. In five
cases examined after death the inferior vena cava was plugged ; and in
a few of those who recovered the symptoms indicated extension of the
thrombus from the iliacs into this vein,

_ While the prognosis of chlorotic sinus-thrombosis is extremely bad,
Brmt:n?v‘e and Buzzard each report an instance of recovery. Such a
PTﬂﬂﬁlblht}’_haE been questioned, but T see no reason to doubt it.
Not very infrequently after death in one or more of the intracranial
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may be well marked; and in general the symptoms are thought by
some to indicate infection. It does not seem to me imperative to
interpret these symptoms as necessarily indicative of infection by micro-
Organisms.

There are difficulties with all of the hypotheses which have been sug-
gested. I think that there may be some significance for the etiology of
chlorotic thrombosis in the increase of platelets noted by Hanot and
Mathieu, and by Hayem ; and determined more accurately by Muir.! I
shall also venture to suggest that there may be some nutritive disturh-
ance of the red corpuscles, in consequence of which they disintegrate
more readily from slight causes, and produce the granular material,
chiefly platelets, which constitutes the beginning white thrombus ;
and in support of this opinion I will call attention to Maragliano and
Castellino’s observations of the lowered resistance of chlorotic red cor-
puscles. Another element which may enter into the causation is some
little understood irregularity of the circulation, other than retarded
flow, which is manifested in the venous thrills and hums; and which
may in certain situations, where thrombi most frequently form (sinuses,
femoral vein), lead to the eddies shown by von Recklinghausen to be of
importance in the causation of thrombosis; although I confess that the
fulness of the veins in chlorosis does not support this suggestion.

Gout.—Since the publication of the classical paper on gouty phle-
bitis by Paget in 1866, followed by those of Prescott Hewett and
Tuckwell, this affection has been well recognised (see art. on “Gout,”
vol. iv. p. 161). Its causation is unknown. Paget with much reason
regards the ailment as a primary phlebitis with secondary thrombosis ;
and in this he has been followed by most writers on the subject.
Although deposition of urates has been found in the sheaths of veins,
there is no evidence that gouty phlebitis is caused in this way. Sir
W. Roberts, on p. 172 of the article just quoted, ingeniously suggests
that the presence of scattered crystals of sodium biurate in the blood
may constitute foei around which thrombi may be formed.

Idiopathic thrombosis—Paget says that the oceurrence of phlebitis in
elderly persons without any evident external cause warrants the suspicion
of gout; and that this is perhaps the most common form of idiopathic
phlebitis. There remain, however, rare instances of apparently spon-
taneous thrombo-phlebitis, occurring in previously healthy individuals,
which cannot- be explained in this way. Daguillon has observed and
collected a number of such cases.

Primary infective thrombosis—There are rare instances of arterial and
venous thrombosis, generally widespread, which present the characters
of an acute infective disease without anatomical lesions other than the

! Buftersack has recently described the presence in the blood of chloroties of cylin-
drical masses of platelets identical with the first form of Litten’s blood-cylinders. These
he considers to be capillary platelet-thrombi, which have been washed out by the ciren-
]ntmg blood.  While they may occur in other conditions, Buttersack associates them
especially with chlorosis, It remains to be determined whether this cast-like arrange-
ment of platelets is not the result of the mode of preparation of the specimen of blood,
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characterised, distinet affections, which receive separate cmrmdemtw_n
in medical books. But I know of no modern work which presents in
a systematic and thorough way the anatomical and clinical characters
of occlusion of each of the important vessels of the body ; a._lthuugh
scattered through medical literature is a large and to a.mnslderabIﬂ
extent unutilised casuistic material for such monographic treatment.
In this article, treating of the subject as a whole, the more general
considerations concerning the effects of thrombosis, with special refer-
ence to certain common and clinically important localisations which
do not receive separate treatment elsewhere in this work, will be pre-
sented. Widely different are the effects according as the thrombosis is
cardiae, arterial, capillary, or venous.

Of cardiac thrombosis.—If the presence of globular cardiac thrombi
could be determined during life, it would be generally recognised as an
index of grave impairment of the heart’s action. But, apart from
furnishing emboli, ordinary globular thrombi are not known to occasion
any symptoms. There may be instances when during life cardiac
thrombi may be suspected as more probable sources of emboli, particu-
larly of those causing pulmonary infarction, rather than either endocardial
vegetations or venous or arterial thrombi; but beyond conjecture the
diagnosis can hardly go. Gerhardt attributed to the pressure of throm-
bosed auricular appendages upon the pulmonary artery or aorta murmurs
heard over the arterial orifices of the heart; but other causes of such
murmurs are commoner and better recognised. The encroachment of
massive thrombi and of pedunculated polyps upon the orifices of the
heart may occasion murmurs, thrills, and gymptoms indistingnishable
from those of valvular disease. In three such cases, involving the mitral
orifice, von Ziemssen observed gangrene of the feet, which he was inclined
to refer to arterial thrombosis rather than to embolism ; but this symp-
tom has not the diagnostic value which he assigns to it, for in other
cases it was present only exceptionally, and it may oceur in ordinary
mitral stenosis. Unless the orifices are encroached upon, the mere pres-
ence even of large thrombi usually oceasions little or no disturbance of
the heart, or none which can be distinguished from that of associated
valvular or mural disease. The clinical features of ball-thrombi have
already been considered (p. 188).

_ Of arterial thromlosis—The effects of arterial thrombosis are so much
like those of embolism that it will be convenient to defer the detailed
consideration of their manifestations in common to the article on em-
bolism (p. 235), and here to speak only of the more distinctive features
and clinical types of arterial thrombosis,

Whether the occlusion of an artery be by a thrombus or an embolus,
the result, apart from possibly infective properties of the plug, depends
upon the possibility of establishment of an adequate collateral eirenla-
tion. If the anastomoses are such as to permit the ready development
of a cnl]ate:::a,l circulation, an arterial branch may be plugged without
any mechanical effects. In the case of certain visceral arteries, as the
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terminal cerebral, branches of the splenic, and of the renal, a collateral
circulztion sufficient to nourish the part supplied by the occluded artery
cannot be established, even with a slowly-forming thrombus. In some
situations, however, arteries whose abrupt obstruction by an embolus
may cause the gravest lesions and symptoms, may be closed gradually by
thrombus without serious consequences. This has been observed in
thrombosis of various arteries of the extremities, neck, and trunk; as the
femoral, the iliac, the carotids, the mesenteric, the ceeliac axis, a main
division of the pulmonary artery, and even the aorta. But in order to
secure whatsoever advantage may acerue from its slower formation, the
thrombus must find other conditions favourable for the development of
a collateral circulation ; and often enough these conditions, of which the
most important are integrity of the arterial walls and vigour of the
general circulation, are absent. Furthermore, thrombosis is often rapid
in attack, and hence, whether the plug be a thrombus or an embolus,
the result is frequently the same.

In the differential diagnosis between arterial thrombosis and embolism
emphasis is properly laid in the former upon the more gradual ap-
pearance of the symptoms of vascular occlusion and pre-existing arterial
disease, and upon sudden onset and the detection of some source for an
embolus, particularly cardiac disease, in the latter (see Diagnosis of
Embolism, p. 253). But mistakes in diagnosis are sometimes unavoid-
able; for all the clinical phenomena which attend the one may occa-
sionally be associated with the other form of arterial obstruction, Nor
can the distinetion always be made, with the desired precision, at the
autopsy, although generally this is decisive. Hence cases are reported
as arterial thrombosis which are doubtless embolism, and conversely.

Within recent years primary arterial thrombosis, occurring inde-
pendently of chronic diseases of the arteries, has been recognised as a
more frequent and important affection than had been generally supposed
since the acceptance of Virchow’s doctrine of embolism. Of especial
medical interest are the primary arterial thromboses, arising oftener
as a sequel during convalescence than as an accompaniment of various
infective diseases, particularly of enteric fever and influenza. The as-
sociations and localisation of these thromboses, as well as the prevailing
view that they are infective and referable to an acute arteritis, have
already been considered.

Arterial thrombosis of the extremities.—When, as is usual, arteries of
the lower extremities are affected, the first symptom is pain in the limb.
This is often severe and paroxysmal, and is increased by pressure at
certain points in the course of the vessel, The obliterated artery may
be felt as a hard, sensitive, pulseless cord ; and below it pulsation may be
feeble or cease altogether. Before obliteration the pulsations may be
of wider amplitude than normal, in consequence of lack of arterial tone
(Gendrin, Bari¢). The leg, especially about the foot and :}nkle, becomes
pale, cold, mottled with blush-red spots, numb and paretic. With loss
of tactile sensation there is often increased sensitiveness to painful im-
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pressions. There may be diminution or loss of muscular reaction o both
galvanic and faradic ecurrents. There may be inereased moisture of the
skin, and some cedematous swelling of the affected leg. Unless adequate
collateral eirculation be speedily developed the termination is gangrene,
While the extent of the gangrene is in relation to the seat of the
obstruction, it varies also according to the collateral circulation ; 80 that
with occlusion of the femoral or iliacs it may affect only the foot or
even a toe; or with closure of the popliteal or tibial arteries it may
extend as high as the point of obstruction. The gangrene is usually
dry ; but if septic inflammation or closure of the veins occurs it is
likely to be moist. Recovery may follow with loss of the gangrenous
part ; or death may result from exhaustion, from extension of the morti-
fication, from septicemia and toxwmia,

The rarer arterial thrombosis of the upper extremities may likewise
lead to gangrene ; but here the chances for restoration of the circulation
through the collaterals are much better.

I have already referred to the relations of thrombosis to senile,
spontaneous, and other forms of gangrene (p. 178). Heidenhain and
Naunyn hold that arterio-sclerotic thrombosis is the usual cause of diabetic
gangrene ; but further investigations into the causes of this form of
gangrene are needed. Thrombosis of the abdominal aorta presents a
group of symptoms which will be described under Embolism (p. 273).

The complex of symptoms called by Charcot “intermittent claudica-
tion ” may be observed with thrombosis of arteries of the lower ex-
tremities, or of the iliacs or abdominal aorta 5 but it is more common with
arterio-sclerosis. The term “intermittent claudication ” (boiterie) is
used by French veterinarians to deseribe similar symptoms in horses
affected with thrombosis of the iljac arteries, which is not a rare disease
in these animals. In these cases the lower extremities receive enough
blood for their needs during repose, but not during active exercise. The
slighter manifestations consist only in some muscular weakness and
numbness of the legs after exercise ; but in more severe cases, after
walking a quarter of an hour or perhaps less, occur great museular weal.
ness, numbness, and pains and cramps in the legs, which may become cold,
exsanguinated, sometimes cyanosed in the periphery, and almost pulse-
less. All of these symptoms disappear after repose, perhaps of but a few
minutes’ duration. Charcot’s syndrome has in a number of reported
cases been a precursor of arterio-sclerotic gangrene, but it may exist for
years without this event. The phenomena are unilateral op bilateral,
according to the seat of the arterial obstruction. Spasm of the arterjos
18 evidently an important element in the pathogeny of intermittent
claudication,

D!.herl evidences of inadequate collateral circulation with arterial
thrnm_bum_s of the extremities may be muscular atrophy and so-called
trophic disturbances, which are generally the result of traumatism or

of some infection in the member whose natural resistance is lowered by
the imperfeet blood-supply.
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_ T:I'L-:'arnbf:rsis of the wvisceral arteries may produce lesions and symptoms
ldE—l:.ttl[‘.EI.-]. with those following embolism, such as sudden death from throm-
bosis of the pulmonary artery, of the coronaries of the heart, or of
the basilar ; ischemic cerebral softening, and infarctions of the lungs,
heart, spleen, kidneys, retina, and intestine, with their attendant
symptoms.

Thrombosis of the pulmonary arfery.—Tt is especially to be noted that
thrombosis of the pulmonary artery, both in its principal divisions and
i1 the smaller branches, is often entirely latent, both as regards result-
ing lesions in the lungs and the symptoms. Thromhbosis of the main
trunk or primary branches may, however, produce sudden or rapid death ;
or a sub-acute or chronic affection characterised by dyspneea, Cyanosis,
henioptoic infarctions and incompetency of the heart, as in a case
reported by Blachez.

Dr. Newton Pitt believes that thrombosis of the pulmonary arteries is
far more frequent than is generally supposed, even going so far as to
say “that thrombosis in the pulmonary artery, so far from being very
rare, possibly occurs more frequently than in any other vein or artery
in the body.” This opinion is based partly upon failure to find a source
for an embolus ; in the right heart or systemic veins, and partly upon
absence of folding, fracture, or other appearances of the plug suggestive
of an embolus, as well as upon association with general conditions known
to dispose to thrombosis. A similar remonstrance against the current
interpretation of so many plugs in the pulmonary arteries as embolic in
origin was made by Bristowe in 1869. In my experience sclerosis and
fatty degeneration of the intima of the pulmonary vessels is not par-
ticularly uncommon ; and T also believe that primary thrombosis of the
pulmonary arteries, particularly of medium-sized and smaller branches,
is more frequent than is usually represented in text-books. Still, for
reasons to be considered under Embolism (p. 262), the evidence seems
to me in favour of the usually accepted opinion that the majority of

lugs found in the pulmonary artery and its main divisions in cases of
sudden death are emboli.

Thrombosis of the coronary arteries of the heartl Cardiac infarction.—
Although the general subject of infarction from arterial occlusion is
reserved for the article on embolism, infarction of the heart is cansed so
much more frequently by thrombosis than by embolism that it 1s more
appropriately considered here.

Thrombosis of the coronary arteries is in the great majority of cases
an incident of angio-sclerosis of the heart, an affection of great clinical
importance. It may also result from acute or chronic endaortitis near
the orifices of these arteries, and possibly from acute inflammation of
the coronary arteries. Thrombotic vegetations, springing from the
aortic valves, have been known to block the mouth of one of the

coronary arteries.

1 T regret not to have noticed that this subject had been presented by Sir R. Douglas
Powell in vol. v. p. 899, The paging cannot now be altered.
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There has been much discussion concerning the existence of anasto-
moses of the coronary arteries. It has been demonstrated that anasto-
moses exist between the main trunks of these arteries, the most important
being those between the auriculo-ventricular branch of the left coronary
and branches of the right coronary in the sulcus on the posterior surface
of the heart, forming a horizontal or equatorial aurmulnnve-ptrlfcu]ar
circle (Haller), and those between the anterior and the posterior inter-
ventricular branches near the apex of the heart, forming a vertical or
meridional circle. There are also anastomoses on the surface of the
left auricle between branches of the left coronary and those of the left
bronchial artery. There are, however, no anastomoses between the
branches of the coronary arteries after they have penetrated the myo-
cardium, these intramuscular branches being anatomically terminal
arteries,

These anastomoses do not usually suffice for the nutrition of the
heart after rapid occlusion either of the main trunks or of intramusecular
branches. Thrombosis of one of the coronary arteries may be the cause
of sudden death. Barth reports the case of a robust young man, aged
thirty, who died suddenly when in apparently the best of health, At
the autopsy it was found that the mouth of the right coronary artery
was blocked by a thrombus, the size of a pea to a bean, attached to a
small atheromatous patch of the aorta, close to the opening of the right
coronary. By a singular fatality this first and only atheromatous patch
to be found anywhere in the otherwise perfectly healthy body had
formed at the particular point where the small thrombus springing
from it stopped one of the streams feeding the very fountain of life,

Porter has shown experimentally that the frequency of arrest of the
heart after closure of the coronary arteries is in proportion to the size
of the artery occluded ; and that when arrest oceurs it is preceded by a
fall of aortic pressure and an increase of the diastolie intraventricular
pressure.  This increased intracardine pressure checks the flow of hlood
in the coronary veins, and thus interferes with the coronary circulation
in the entire heart.

There are, however, many recorded cases which demonstrate that
the main trunk of one of the two coronary arteries may be plugged by
a thrombus without causin g sudden death. In an instance reported by
Dr. Perey Kidd the patient suffered from extremely irregular and weak
action of the heart, shortness of breath, and paroxysms of dyspneea ;
and gradually sank from ecardiac failure. The right coronary artery,
about three-quarters of an inch from its origin, was blocked throughout
by a firm, partly decolourised, adherent thrombus. The left coronary,
particularly its descending branch, was greatly narrowed by sclerosis.
There were no infarctions or fihroid patches in the heart. ~Chiari has
reported an instance of thrombotic occlusion of the main stem of the
right coronary glving rise to an emhbolus which lodged in the main trunk
of the left coronary artery. Sudden death was caused by the latter.

In areas supplied by the right coronary were ischeemic infarctions
VOL, VI P
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showing reactive inflammation. These, as well as the symptoms and
the appearance of the thrombus, indicated that the main trunk of the
right. coronary artery had been closed for at least several days before
death.

If the patient lives long enough, the usual, but not absolutely im-
perative, anatomical result of thrombosis either of the main trunks or
of intramuscular branches of the coronary arteries, is infarction in the
area supplied by the oceluded artery. As the descending or anterior
interventricular branch of the left coronary is by far the most fre-
quent seat of sclerosis and consequent thrombosis, the infarct 1s most
commonly situated in the lower part of the interventricular septum and
of the anterior wall of the left ventricle. The size of the infarct corre-
sponds in general to that of the occluded artery ; but, as a rule, the
infarct occupies only a part, sometimes but a small part, of the area
previously supplied by the obstructed vessel. Unlike infarcts in most
other situations, those of the heart are not, as a rule, typically wedge-
shaped, but are often irregular in outline, and sometimes appear as if
several smaller areas of infarction had coalesced; indeed there may
be multiple, detached infarcts resulting from occlusion of a single artery.
Both pale, anemic infarcts and hezmorrhagic infarets occur in the heart,
but the former are the more common. Fresh, anemic infarcts are
swollen, firm, of an opaque yellowish-white colour, and often present in
the margin a zone of hypermmia and hemorrhage. Microscopically,
they are the seat of typical coagulative necrosis ; the muscle fibres being
devoid of nuclei, indistinetly striated or homogeneous, and of brittle
consistence. The term myomalacia cordis, introduced by Ziegler, 1s not
a good designation of most fresh infarets of the heart. The infarct
usually reaches the endocardinm, which then presents a mural thrombus ;
and it may extend to the pericardium and cause a localised fibrinous
pericarditis. A reactive inflammation leading to the ingrowth of granu-
lation tissue appears in the margin of the infaret, which, in course of
time, is absorbed and replaced by scar tissue, unless it become infected
and suppurate.

Cardiac infarction may be the cause of rupture of the heart, or of a
parietal aneurysm ; or may result simply in a fibroid patch. It is more
common than would appear from the meagre attention usually given
to the subject in text-books, and 1s of much anatomical and clinical
interest.

The symptoms associated with coronary thrombosis are those of the
angiosclerotic heart, so that it is hardly possible to make a positive
diagnosis of thrombotic ocelusion of the coronary arteries. Irregular,
often slow pulse, shortness of breath, precordial distress, angina pectoris,
sudden death, all these may occur from sclerosis of the coronary arteries,
sither with or without thrombosis. Fibroid myocarditis is often present
and directly referable to arterial obstruetion ; but the changes in the myo-
cardium are probably of much less clinical importance than the u:E\dar-
lying disease of the coronary arteries. R. Marie has recently published
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a valuable monograph on infarction of the myocardium and its conse-
quences, with a full consideration of the previous literature and the
addition of many new observations. ' . :

Thrombosis of the mesenteric arteries will be considered with embolism
of these arteries (p. 268). ‘

Lhrombosis of the cerebral vessels will be described in the part of this
work treating of diseases of the brain in the next volume.

Here may be mentioned the interesting observations of recent years
concerning the dependence of certain diseases of the spinal cord upon
affections of the blood-vessels of the cord, arterial thrombosis being an
especially important factor in many of these cases.

Capillary thrombosis—In consequence of the abundant anastomoses,
it is only when all or nearly all of the capillaries of a part are thrombosed
that any mechanical effects result. Such extensive capillary thrombosis
is more frequently the result than the cause of necrosis of a part.
According to von Recklinghausen, superficial, often extensive, neerosis
of surfaces, as of the skin and mucous membranes, may be caused by
widespread hyaline thrombosis of capillaries resulting from the energetic
action of thermie, chemical, and even mechanical agents. In frost-
bites and burns there may be extensive local hyaline thrombosis of
capillaries and small vessels. I have already referred to my observa-
tions of anuria in swine, caused by extensive hyaline thromhosis of the
renal capillaries (p. 161). Although in many cases I have seen similar
hyaline thromhboses in human kidneys, they were never so extensive as
to seem likely to cause recognisable symptoms. Several years ago I
drew attention to the presence of hyaline in capillaries and arterioles in
the walls of some fresh gastric ulcers, and since then I have been able to
repeat the observation in three or four instances.

Effects of wenous thrombosis,.— Thrombosis is 80 pre-eminently an
affection of veins that chapters in text-hooks treating of the general
subject usually pay scant attention to its occurrence in other parts of
the circulatory system. In the veins thrombosis occupies the field of
intravascular plugging almost alone, for it is only in the portal system,
and in the rare instances of retrograde transport, that embolism enters
into consideration ; such extraordinary occurrences as embolism of the
azygos vein, resulting from thrombosis of the inferior vena cava, reported
by Lischner, being mere pathological euriosities,

The direct effects of venous thrombosis, as of arterial, are referable
to the mechanical obstacle to the cireulation and to the properties of
the thrombus. The mechanical effects result from inadequacy of the
collateral circulation. The free venous anastomoses in many parts of
the body prevent any disturbance of the circulation as a result of
venous occlusion by simple or benign thrombi. Such innocuous throm-
boses are particularly common in the pelvic veins. In some situations
veins, whose rapid occlusion may cause serious lesions and symptoms,
may be sllﬂwlly plugged by a thrombus without manifest harm., For
example, it is not uncommon to find at autopsy the main trunks of
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marantic thromhoses, is an argument (in addition to those already con-
sidered) in favour of the infective nature of many of these ]_ﬂug_s, and of
their primarily phlebitic origin. But while undoubtedly significant of
such an interpretation, it can hardly be considered qmm]usma 1 f-:-r it is
possible that certain thrombi may possess irritative properties not
attributable fo the presence of micro-organisms or their products, and that
the phlebitis, as well as the periphlebitis, may be EEL‘-G]ldEI:]‘}'. Hmw.wer
this may be, the old distinction between benign and infective thrombi no
longer appears so sharply marked as was once supposed. : +

In rare instances the venous medical thromboses associated with
anemic, infective, cachectic, and constitutional diseases are plainly
septic, and give rise to phlegmons, and perhaps py#®mia or septicemia.
The suppurative or septic thrombophlebitis, which with its attendant
pyemia was in pre-antiseptic days such a common and formidable
wound complication, belongs to the surgeon’s domain, or, in puerperal
sepsis, to the obstetrician’s. (See arts. “ Pysmia ” and Puerperal Septic
Disease ” in vol. i.) To the borderland of medicine and surgery belong
cerfain septic thrombophlebitides of visceral veins, of which the
most important medical group, those of the portal system, has been
considered by Professor Cheyne (vol. i.), and by Dr. Davidson in his
article on “Suppurative Hepatitis” (vol. v. p. 123). Thromhosis of
the umbilical vessels, which may occur either before or after birth, may
be either simple or septic. The latter is an important affection, the
consideration of which belongs to treatises on diseases of infants.

There is perhaps no pathological phenomenon which, on the face of it,
appears simpler of explanation than the local cedema consequent upon
venous obstruction, but which, the more it is investigated, turns out to
be, or at least is made to appear to be, more complicated. The explana-
tion which naturally occurs to one, and which is often given, is that the
edema is due simply to increased filtration of serum from the blood, in
consequence of the rise of intravenous and intracapillary pressure
resulting from the obstruction to the venous circulation. It is certain
that this simple explanation does not suffice, at any rate for most venous
thromboses, and that factors other than the mere rise of blood-pressure
in the veins and capillaries are concerned ; but as to the nature of these
other factors there is great difference of opinion. The whole problem is
wrapped up with that of the hypotheses of lymph-formation and 1 ymph-
absorption, so lively at the present day, into the discussion of which it
is impossible here to enter. Corresponding to the two classes of these
hypotheses, we have mechanical hypotheses and vital or secretory hypo-
theses of the cedema of passive congestion. The mechanical explanations
are at 1333_1; easier of comprehension, Cohnheim attributed this form of
edema t0 increased venous and capillary pressure, combined with inereased
permeability of the capillary wall due to malnutrition,!  Starling and

1 Un!m!:eim 18 sometimes quoted as considering increased pressure a sufficient explanation
of mm?fmmcu.l wlema, although in his Allgeineine Pathologie, Bd. i. P 494, he expressly
recognises as an additional factor “unknown influences on the part of the living vessel-wal]."
As T had opportunity, when working in his laboratory on a problem concerning cxdema, to
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The cedema of phlegmasia alba -:lﬂlfms 18 b_'fr no means all due to venous
congestion, Much, sometimes most of it, ia an inflammatory cedema spread-
ing from the thrombosed veins. This is evident I::a.rt]y from thr_: hard,
brawny, painful, at times warm character of the swelling (cedema calidum);
and partly from its location in the part of the extremity nearest the affected
veins. The edematous swelling may begin above and extend downwards,
instead of in the usual direction from below upwards. The hydrarthrosis
often associated in moderate degree with phlegmasia is probably also
referable to an inflammatory serous exudate rather than to passive tran-
sudation from venous obstruction. It oceurs especially in the knee-joint.

Thrombosis of wveins of the extremities.—Clinically the most familiar
form of venous thrombosis is that of the extremities; the lower much
oftener than the upper. Its various sites and clinical associations
have already been considered (pp. 179 and 191). The affection may he
entirely latent ; or may be recognised by a slight or moderate unilateral
@dema without general or other local symptoms ; or may be in the form
of well-marked phlegmasia alba dolens ; or rarely may assume a severely
infective character, with chills and high fever ; or, exceptionally, may
lead to phlegmon and py@mia or septicemia. There is every transition
between the extremes. The latent and milder types oceur especially
with tuberculosis, cancer, and other cachexiw ; the more severe manifest-
ations with phlebitis of the puerperium, infective diseases, and chlorosis :
but there are many exceptions to this rule.

In the more acute and well-characterised cases the general symptoms
are chiefly manifest at the onset; and consist in moderate elevation of
temperature, rarely preceded by a distinct chill, oftener by chilly sensa-
tions and quickened pulse. Increased frequency of the pulse may
antedate the rise in temperature, and the pulse may remain rapid after
the temperature falls. This disproportion between pulse and tempera-
ture is of diagnostic value (Mahler, Wyder, Singer),! but it is not always
present. These general symptoms of the initial stage, which may persist
for days, are often overlooked ; or they are masked by an existing febrile
disorder. They are probably present in some degree, even in mild cases,
oftener than the clinical records show.

The characteristic symptoms are the local ones in the affected leg.
Pain, often paroxysmal, is usually the first to attract attention ; but
sometimes it is the cedema. The pain may be severe. It is more or less
generalised, with especial tenderness in the groin, the inside of the thigh,
the popliteal space, and the calf. Often it is first noted and may
remain localised in the calf ; as is true of the edema also. There may
be sensations of numbness or of “pins and needles,” The ecardinal
gymptom, cedema, sometimes descending sometimes ascending, gives rise
to the firm, painful swelling of the limb, covered with tense, shiny,
smooth, white or mottled skin, marked often by dilated veins, whence

! Singer (Arch, f. Gyndk, 1898, Ivi. p. 218) has made a careful study of the pulse-curve

in puerperal thrombosis, A step-like acceleration of the pulse-curve often precedes other
manifestations of thrombosis by several days.
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strate that gangrene is to be expected after closure of the femoral vei‘n
near Poupart’s ligament, but the clinical evidence does not support this
view. Galliard has reported a case and has collected frmrfn the recorv_ds
others in which gangrene had followed venous without arterial thrombosis.

The thromboses of the upper extremities are usually of shorter
duration and milder type than those of the lower; unless referable to
some persistent cause, such as the pressure of a tumour. They are often
accompanied by some cervical cedema.

Thrombosis of the inferior vena cava.—Since the days of Richard Lower
occlusion of the inferior vena cava has been the subject of much experi-
mental and clinical study. There are reports of at least 140 cases of this
affection in human beings. The principal records are cited in the mono-
graphs of Vimont and Thomas, although the bibliography is by no means
complete. Thrombosis of this vein is rarely autochthonous. Usually it is
continued from the femoral or pelvic veins through the iliacs, or is due to
some abdominal disease, as the pressure of a tumour. Tt may occur with-
out any symptoms or without symptoms suggestive of the diagnosis. The
characteristic symptoms are cedema of both lower extremities and of the
abdominal walls, and the development of a typical collateral cireulation.
When the renal veins are likewise occluded there may be albuminous,
bloody urine; but with thrombosis of these veins this symptom is
oftener lacking than present. The diagnosis rests especially upon the
appearance of dilated anastomosing veins coursing upwards from the
groins and flanks over the abdominal walls and lower part of the thorax.
These tortuous, varicose veins, sometimes as big as the little finger,
make a very striking and characteristic picture. The superficial veins
concerned in carrying on the collateral circulation are the inferior and
superior superficial epigastric, the long thoracic, the superficial circumflex
iliac, the external pudic, the lumbo-vertebral anastomotic trunk of Braune
and numerous unnamed anastomotic veins. The direction of the cireu-
lation is of course from below upward. In addition there is a deep
collateral cireulation through various visceral veins with dilatation of the
azygos veins. Sometimes the circulation is almost wholly through the
deep collaterals, and there may be little or no dilatation of the visible
superficial veins. In fact, in not a few cases, by the absence of visible
dilated collaterals, the diagnosis is rendered difficult or impossible.
Schlesinger has observed and collected a number of cases where the
cedema was in one leg only. This may be due to the previous establish-
ment of a collateral circulation on one side from a former iliac thrombosis,
or to unilateral iliac thrombosis with parietal thrombosis of the vena
cava, or to congenital duplication of the vena cava.

Thrombosis of the renal veins.—This affection is fairly common. It
may be an extension of a thrombotic process in the vena cava, or on the
other hand the latter may be secondary to renal thrombosis. Marantic
thrombosis of the renal veins is not unusual in infants with cerebral
symptoms, or exhausted by diarrhoea. In adults thrombosis of
the renal veins is observed not very infrequently in chronie
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In a case reported by Dr. Rolleston, the superior mesenteric vein was
filled with softened, canalised clot ; and in addition the inferior mesen-
teric vein, the internal and external iliac veins on both sides, and the
splenic vein were completely thrombosed, and a partly occluding throm-
bus extended into the portal vein. The thrombus in the superior
mesenterie vein was regarded as the oldest. There was old and recent
inflammation of the intestine, but no intestinal infarction.

Of interest is the relation of thrombosis of the mesenteric veins to
portal thrombosis. In several instances of the latter thrombosis of the
mesenteric veins occurred without h@morrhagic infarction of the
intestine.  Doubtless the explanation is that a sufficient collateral
circulation had been established after the portal thrombosis to prevent
the usual effects of a subsequent mesenteric thrombosis. That this,
however, is not always the case is shown by the sudden or more gradunal
termination of some instances of portal thromhosis with hemorrhagic
infarction of the intestine, in consequence of the extension of the thrombus
into mesenteric veins. This has occurred especially in the more acute
cases of portal thrombosis, but it may occur also in those of several
months’” duration. Acute portal thrombosis may cause hamorrhagic
infarction of the intestine without mesenteric thrombosis ; or the infare-
tion may be over a larger extent of intestine than corresponds to the
thrombosed mesenteric veins. On the other hand, the infarcted area
may be much smaller than that supplied by the thrombosed vein. The
symptoms may be of slower development and of milder type when
thrombosis of the mesenteric veins is secondary to portal thrombosis
than when it is primary. The sequence of events in Fitz's case is
interesting—globular thrombi in the left ventricle, embolism and infarc-
tion of the spleen, secondary thrombosis of the splenic vein, extension
of the thrombus into the superior mesenteric vein, hemorrhagic infare-
tion of the intestine terminating fatally, There was no obstruetion in
the mesenteric arteries.

Pylethrombosis.—The septic variety of thrombosis of the portal vein
(suppurative pylephlebitis) having been described (vol, i. p. 610, and
vol. v. p. 127), it vemains to speak here of simple portal throm-
bosis, often called without much propriety adhesive pylephlebitis.
This is a well-characterised, although usually not readily-diagnosed
affection. It is caused most frequently by compression either
of the intrahepatic branches of the portal vein in cirrhosis, syphilis
or tumours of the liver ; or of the main branches or trunk by ﬁhmu;
perihepatitis, chronic peritonitis, swollen lymph-glands, impacted gall-
stones or tumours. Other causes are diseases of the walls of the
portal vein, either primary or propagated from some neighbouring
focus ; extension of a thrombus from the splenic or mesenterie veins ;
pancreatic dlsaﬁﬂﬂ; gastric cancer ; ulcer, or other gastric or intestinal
disease ; infective and toxic diseases ; puerperal eclampsia (Schmorl) ;
marasmus, and traumatism. Sclerosis and calcification of the wall of the
portal vein deserve more attention as causes of portal thrombosis than
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opening of channels through the organised thrombus. The usually fatal
termination may be from hmmorrhage or exhaustion, sometimes w:th}n
a few weeks or even days from the onset. I know of no imstance, in
man, of death within a few hours after occlusion of the portal vein, such as
occurs regularly, with great fall of arterial blood-pressure, after hgatn{g
this vessel in rabbits and dogs. As already mentioned, heemorrhagic
intestinal infarction may be caused by portal thrombosis (p. 219).

There has been much discussion on the occurrence of changes in
the liver which can be attributed directly to stoppage of the portal
circulation. In the majority of cases of portal thrombosis the liver
has been the seat of atrophic cirrhosis, but most modern authors have
regarded the thrombosis as secondary to the cirrhosis. Dr. Samuel
West, however, in 1878, took strong ground in favour of the reverse
being sometimes the case; and he found support in the experi-
mental results of Solowieff. The later experiments of Cohnheim and
Litten have been widely accepted as indicating that obstruction of the
portal vein is without effect upon the hepatic structure and functions.
Bermant has recently gone over the entire experimental and anatomico-
clinical evidence, and has reached the conclusion that stoppage of the
portal vein may lead to atrophic cirrhosis. The case which he reports
speaks strongly in favour of this view ; for only the right branch of the
portal vein was thrombosed, and the eirrhosis was limited to the corre-
sponding lobe of the liver. Nevertheless, cases of portal thrombosis,
some not of short duration, have been reported by Frerichs, Leyden,
Alexander, and others without any alteration in the liver ; and I have
observed two such cases in which the symptoms of portal obstruction
extended over several months.!

Thrombosis of the splenic vein,—Primary thrombosis of the splenie vein
and its radicles is rare. I have seen an instance of autochthonous
thrombosis secondary to calcification of the wall of the splenic vein.
Thrombosis of veins within the spleen, extending sometimes into the
main trunk, is common with infarction, abscess, and certain other morbid
processes in this organ. Thrombosis of the main trunk may be caused
by suppurative or hzmorrhagic pancreatitis, or by cancer of the pancreas.
As has already been mentioned, thrombi may extend from the portal or
mesenteric veins into the splenic, as well as from the latter into the
former. There is the possibility of thrombosis secondary to retrograde
embolism of the splenic vein,

K-Eist-:ar has reported the rare complication of enteric fever with
thmrnbnya of the radicles and main trunk of the splenic vein ; the evi-
dence being conclusive that the oldest part of the thrombus was in the
spleen. The evidences of ocelusion of the main vein appeared at the
beginning of convalescence. The spleen was enormously swollen and
the pulp of a diffuse reddish-black colour. The capsule and surround-

1 Chiari (Centralb, J. allg. Path. u. path. Anat, 1808, ix. p. &04) has recently described

endophlebitiz, with thrombosis, of the radicles of the h ie vei T L By
st B e hepatic vein, There were symptoms
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that the symptoms may be less marked, and may deviate from what
might naturally be expected. _ : \

Thrombesis of the innominate, subclavian, and._jugular veins.—The more
important literature of this subject is cited in the papers of Pohl,
Hirschlaff, and Helen Baldwin. The occurrence of these thmm:ﬁmsea
in cardiac disease, and from compression, has already been mentzqned
(p. 199) ; other rarve causes are infee:t,mn, empyema, acute rhenmatism,
tuberculosis, marasmus, and traumatism. The symptoms are _the usual
ones of venous congestion, cedematous swelling, pain in the regions from
which the veins convey blood, dilatation of collaterals, and, in the case
of the cervical veins, recognition of the thrombosed vein by palpation,
which, however, should be done with great care.

Thrombosis of the pulmonary veins may be mentioned as a rare source
of embolism in the aortic system. It is usually secondary to some
pulmonary disease, as gangrene, malignaut tumours, abscess, _infm*cl;i{m,
tuberculosis, pneumonia. It has been observed with extensive emphy-
sema of the lungs (Schmale).

Thrombosis of the cerebral sinuses will be considered in connection with
diseases of the brain in the following volume.

O. Wyss has described a remarkable instance of extensive hamor.
rhagic myelitis caused by widespread hyaline and platelet thrombi in
veins within the spinal cord. The thrombosis was secondary to a glioma
of the dorsal cord. Rosin has likewise observed thrombosis of veins
éxtending the whole length of the spinal cord, consecutive to a tumour
of the cervical cord.

Multiple thromboses—Finally may be mentioned the cases in which
many veins in different parts of the body become thrombosed, as in
Huels's case of chlorotic thrombosis ; and Osler’s, of thrombosis secondary
to cancer of the stomach, already cited (pp. 201 and 198). Erlenmeyer
has deseribed as “jumping thrombosis (springende Thromhose), in dis-
tinetion from the ordinary creeping form, cases in which the process
attacks first one vein and then another, in a different region, until finally
various veins in the extremities, trunk, and brain may become plugged.

Treatment.—The treatment of thrombosis of the extremities is about
all that needs special consideration in this article. In view of the part
played by enfeebled circulation and secondary infections in the causa-
tion of thrombosis, prophylactic measures should be directed toward
maintaining good nutrition, strengthening the heart’s action, and wardin
off secondary infection, so far as may be, or treating accessible foci of
infection antiseptically.

In the absence of any available medicinal treatment known to have
any direct control over the process of thromhbosis, the general indications
for treatment are to secure as speedily as possible an adequate collateral
ﬂlrcll]atlﬂﬂg in order to ward off the danger of tissue-necrosis or gangrene
from arterial thrombosis and the effects of passive congestion from ven-
nuspthmmbnsra s and, above all, in the case of venous thrombosis, to guard
against the detachment of emboli. These indications are best met by






THROMBOSIS 228

. WeLen. “The Structure of White Thrombi,” Trans. Path. Soc. of I'ﬁf:.h-
:::Ep;m, E!?S’.—', xiii.—256. WeLcH and CLEMENT. ‘‘ Remarks on Hog Chclnlgrn unr}s.%'g ine
Plague," Proc. 30th Annual Convention, U8, Fel. Med, rAuaﬂc. ete. GI}Eﬂ-gﬂr, 18.';
26, WrLASSOW. Ziegler's Beitrdge, 1894, xv. p. 543.—27. ZAuN. Vzrﬂfr:u'ws Ar cLh} b:d,
lxii. p. 81.—28. ZENKER, K. Eiagfm‘;s ﬁmi!;llﬂﬂﬁ,;;\:;é p. 448,—29. Z1EGLER. Lelird. d.

: ; »Anat, 9te Aufl. Bd. i. p. L N
ﬁuﬂﬁ:::iﬁ,ﬂmfiﬁm};ﬁhmn, and Organisa tim}.—ﬂﬂ_._ ASCHOFF. Firch. Arch. 1892,
cxxx. p. 93.—31. BENERE. Ziegler's Beilr. 1890, vii. p. 85.—32. LEGa, WicknAM.
Tr. Path. Sov. Lond. 1878, xxix. p. 50.—33. THOMA. Lehab. d. path. Anad. 1. Stutt-
gart, 1894.—34. Zanx. Firchow-Festschrift. Internat. Beitr. ii. p. 199 A

Etiology.—35. BAILuIg, MatTHEW. Trans. Soc. .F].i!jl‘?'ﬂ'!:ﬂnﬂ?il Med. a*.:ad Chir.
Knowledge, 1793, 1. p. 119.—36. BAUMGARTEN., D, sogen. Organisation d. 1 ﬁ.mm&zm.
Leipz. 1877.—37. BEUGNIER-CORBEAU. Gaz. méd. de Lidge, 1890, p. 348.—38. BircH-
HirscHFELD. Congr. inn. Med. 1892, p. 28.—39. Bropie and RUssELL. Journal of
Physiol. 1897, Nos. 4-5,—40. BRUCKE. Brit. and For. Med.-Chir. Rev. 1857, xix. r
183.—41. ConxuEis. Forles. ib. ally. Path. Bd. i. Berl. 1882.—42, CRUVEILHIER.
Anat. path. Paris, 1829-42.—43. Davy, Joux. Researches, Physiological and Ana-
fomical. London, 1839.—44. Dexvs. Centralbl. f. ally. Path. . path. Anat. 1893,
iv. p. 174.—45. EGuEr. Mitth. a. Klin. w. med. Fust. d, Schaeiz, 1894, ii. HFft. 4.—
46. vaN EMDEN.  Forfschr, d, Med. 1898, xvi. pp. 241 and 281.—47. EERLICH and
Lazarus. Dhe dAndmie, 1. Abth, Wien, 1898, —48. FLEXNER., Jouwrn. Lap. Med. 1806,
L p. 559.—49. FREUND. Wien. med, Blitter, 1886, p- 206.—50. Kdem. Wiener med.
Juhirb. 1888, p. 259.—51. GLENARD. Conirib. a i’:‘mdc_dm causes de lo coag. spontan,
dusang. Thése, Paris, 1875.—52. GroTH. Ush. d. Schicksale farbloser E:mfkb‘r:;mrd%
ete. Inang.-Diss. Dorpat, 1884.—53. HALLIBURTOYN. Journal of Physiol. 1898, xiii.
p- 806 ; xv. p. 90, anﬁ[with PIoRERING) xviii. p. 285.—54. HAYEM, Blw sang el d{ i)
aitérations anatomiques. Paris, 1889.—55. HAvEM. Wien. med, Zetl. 1897, Nos,
17-18.—56. HuNTeR, JonN. “ Obs. on the Inflam. of the Intern.Coat of Veins,” Trans.
Soc. Dinprovement Med. and Chir, Knowledge, 1798, i. p- 18.—57, KGHLER. Ueb. Thromn-
bose w. Transfusion. Inang.-Diss, Dorpat, 1877.—58. LAENNEC, De Cavscult. médiate,
efe. Paris, 1819.—59. LaxNpois. [THz Transfusion d. Blutes. Leipz. 1875.—60, vox
LiMpeck.  Prag. med. Woch. 1890, xv. pp- 851, 365.—61. MaLLORY. Journ. of Exp.
Medicine, 1898, iii. p. 611.—62, MARAGLIANO and CASTELLINO. Ztschy. fo kI, Med,
1892, xxi. p. 415.—63. Mawrtin, O. J. Journal af Physiology, 1893, xv. p. 880, —
64. Muir. Jowrnal of Anatomy and Physiology, 1890-91, xxv.—65. NAUNYN, _dych. o
exp. Path. w. Pharm. 1873, i. p. 1.—66. PaceT. St Barth, Hosp, Rep. 1866, ii. p. 82.—
67. PoxFiok. Deufsche Kiinik, 1867, Nos. 20-26.—68, Jdem. Firch. Arch, 1874, Ix.
P 163.—68. Mem. Firch. Arch. 1875, 1xii. p. 273.—70. RANKE. D). Blutvertheilung
. d. Thitigheitswechsel d. Organe. Leipz. 1891.—71. Sawrnr. Centralbl, J- inn. Med,
1884, p. 497.—72. ScHIMMELBUSCH. b, Thrombose im gerinnungsunfichigen Blute,
Inaug.-Diss. Halle, 1886.—73. SILBERMANN. Fireh, Awrch. 1889, oxvii. p. 288.—
74, gIHGER. Arch, 1. Gynik. lvi. p. 218.—75. TURk. Klin, Untersuch, ih. d.
Verhalten d. Blutes bet Infectionskerankh. Wien, 1898.—76. Vaquez. ~ De la thrombose
cachectique. Theése. Paris, 1890.—77. Idem. ° Do la phlébite,” in C%in. méd, de la
Charité, Paris, 1894, p. 751.—78. WEIGERT. Fortschr. d. Med. 1887, v. p. 231,70,
WIDAL.  Etude sur linfection puerpérale, These. Paris, 1889.—80. WoorLpringe.
On the Chemistry of the Blood and other Scientific Papers. Arranged by Victor Horsley
and Ernest Starling. Lond, 1893, )

Localisation.—81. Aunonp. Ziegler's Beitr. 1890, viii, p. 29.—82. Bewiviesr.
De abditis nonnullis ac mirandis morborum et sanationum causis. Florent, 1507, —8§3.
Brron-HirscHFELD.,  Deutsch. med. Wock, 1892, p. 267.—84. BosTRoEM. Dentsh.
Arch. f. kl. Med. 1885, lv. P- 219.—85. Burns, ALLAN. s on some of the most
Jrequent and important Discases of the Heart. Edinb. 1809.—86. zum Buscun, kb,
d. Zusammensetzung d. Herzthromben, Inaug.-Diss, Freiburg, i. B. 1891,—87, vaw
DER ByL. Tr. Path, Soc. Fond. 1858, ix. p. 89.—88. CHoisy and Nvnx, cited from
No. 93.—89. Czapek, Prager med. Woch. 1891, xvi, p. 458.—90. DeLEPINE. T,
Path. Soc. Lond, 1890, xli. p. 43.—91. EwarT and Rotveston,  Tv. Olin, Spe. Lond,
1897, xxx. p. 180.—92. Haga. Firch, Arch, 1898, clii. p. 26.—93. Hertz, Dewtseh,
Areh. f. k. Med. 1885, xxxvii. p. 74.—04, HoucERsTEDT and NEmsenr. Zischr, S kL
Med. 1896, xxxi. p, 180.—95, HUTCHINSON, JONATHAN. Areh. of Surg, Apr, 1898,

- 100.—06. KRUMBHOLZ, 7, a. d. med. Klinik 2w Leipzig, 1893, p. 328.—97,

RUMM.  Deulsch, drch. f, &, Med, 1805, liv. p. 189.—98, LANCEREAUYX. Traité

vGTJI ‘?[ Q












EMBOLISM 229

in medicine, greatly expanded and at the same time placed upon an
intelligible and firm foundation. : : ;

The new fields opened by Virchow have been industriously cultivated
by a multitude of workers. The additions to our knowledge have been
many and valuable, but they have related mainly to details, and can
scarcely be said to have led to new points of view. The works of Be_rn-
hard Cohn and of Cohnheim may be signalised as among the most im-
portant of the contributions since Virchow’s early publications. Cohn's
remarkable book, published in 1860, is extraordinarily rich in anatomical,
experimental, and clinical facts, and it is well for any one who believes
that he has a new observation or opinion concerning embolism to consult
it before venturing on publication ; a precaution which has evidently
been often neglected by writers on the subject.

Varieties of emboli.—Substances of the most varied character, solid,
liquid or gaseous, may enter the circulation and be conveyed as emboli,
Unless some special epithet be used, an embolus is generally understood
to be a detached thrombus, or part of it, including under this designation
endocarditic vegetations. Other possible sorts of emboli are fragments
of diseased heart-valves, calcific masses, bits of tissue, tumour-cells, paren-
chymatous cells, animal or vegetable parasites, fat, air, pigment-granules
and foreign bodies. Emboli of air, of fat, and of parenchymatous cells
will be considered separately. An important classification, as regards
their effects, is into bland or aseptic emboli and toxic or septic emboli.

Sources of emboli—FEmboli in the lungs come from the systemic
veins, the right heart or the pulmonary artery ; those in branches of the
portal vein come from the radicles or trunk of this vein ; those in systemic
arteries from the pulmonary veins, the left heart, or some artery
between the heart and the location of the embolus. Sourees of aberrant
emboli, resulting from unusual modes of transportation, will be considered
subsequently (p. 231).

Various features in the structure and disposition of thrombi bearing
upon the detachment.of emboli have been deseribed in the preceding
article. Here may be especially recalled the continuation of an ocelud.
ing venous thrombus in the form of a partly obstructing thrombus beyond
the entrance of an important branch, and the occurrence of softening in
the interior of older thrombi ; phenomena evidently favourable to the
detachment of fragments. Globular thrombi in the right heart, parti-
cularly in the auricular appendix, are a fruitful source of the emboli
which cause pulmonary infarction in heart disease. Vegetations of the
aortic and mitral valves, particularly of the latter, furnish the great
majority of emboli in the aortic system. Thrombosis or embolism of
an arterial trunk—as of the internal carotid, splenie, femoral—is often
followed by the conveyance of fragments of the plug into branches of the
artery. "r‘fhen th{:a plug in the main trunk is an em bolus, this secondar
embolism is deseribed by Cohnheim as “recurrent "—an epithet which

has also been applied to retrograde embolism, and, therefore, to avoid
confusion, had better not he used in either sense,
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several respects different, the hepatic artery, for example, standing higher
in the list, and the cerebral lower—sufficient evidence that the customary
data for determining the frequency of embolism in different arteries relate
only to such emboli as leave behind some record of their presence. +I“f'3f3'
tive emboli, however, do not inform us of the incidence of embolism in
different arteries ; for these produce abscesses or other lesions in certain
special situations, and not in every place where they may lodge ; a fact
which is brought out clearly in the experimental injections of baeteria
into the circulation of animals. It seems to me very probable that,
of the systemic arteries, those going to the lower extremities must be
more frequent receptacles of emboli than either the splenic or the renal ;
but the smaller plugs in the former usnally leave no readily demonstrable
record of their presence, whereas in the latter they always do.

Aberrant embolism.—Certain exceptions to the general rules already
stated concerning the sources and direction of transportation of emboli
may be grouped under the heading of aberrant or atypical embolism,
the latter epithet being the one employed by Scheven to designate
paradoxical embolism, and retrograde embolism.

Zahn gave the name ““paradoxical embolism,” and his assistant Rostan
the name * crossed embolism,” to the transportation of emboli derived from
veins into the systemic arteries without passing through the pulmonary
circulation. ~ Cohnheim was the first to note the passage of venous emboli
through an open foramen ovale into the aortic system ; and since then
there have been enough observations of this so-called paradoxical embolism
to prove that, although not frequent, it is really of practical importance,
and not merely a curiosity. Zahn and Rostan found an open foramen
ovale in about one-fifth of their autopsies, which is a considerably smaller
percentage than most pathologists, who have investigated the subject,
have found. An opening in the form of an oblique slit is certainly very
often present in the oval fossa (in 34 per cent of all cases according
to Firket), and it has been demonstrated by actual observation that, under
certain conditions, this form of opening suffices for the transit of emboli.
In three cases an embolus was found by Zahn and Rostan actually engaged
inhthe opening, and two or three similar observations have been made by
others,

I have found records of twenty-eight cases of paradoxical emhbolism,
and there is no reason to suppose that this list is complete. The evidence
upon which the diagnosis is usually based is an open foramen ovale and
the presence in the systemic arteries of coarse emboli, for which the only
source to be found is on the venous side or in the right auricle. While
in some of the cases there may be room for scepticism as to the venous
origin of the arterial embolism, there can be none for Schmorl’s observa-
tion, In a case of l:r.aumatic laceration of the liver, of plugs of hepatic
tissue in the left auricle and the main trunk of the renal artery, with an
open foramen ovale admibtipg a finger. Conditions favouring the occur-
:ﬂ::;a?: E:“adqmﬂal embolism are, Mcnrdipg to Zahn, increased pressure

ght auricle and lowered pressure in the left. Under these cip.
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in one of which a cancerous embolus secondary to cancer of the rectum
was found in a branch of the superior mesenteric vein ; and in the qt]mr
a similar retrograde embolus, secondary to adeno-carcinoma of the liver,
was met with in the right pampiniform plexus. :

To Schmorl’s and Lubarsch’s cases of emholi of liver-cells in the cere-
bral and the renal veins may be added two observations from my labora-
tory, of which one has been reported by Flexner, of clumps of liver-cells
in branches of the renal vein in cases with extensive hepatic necroses.

That retrograde transport of ordinary venous thrombi may occur, is
demonstrated by Amnold’s discovery in a large branch of an hepatic vein
of a riding embolus identical in appearance with a thrombus which oceu-
pied the right ovarian vein and extended some distance into the inferior
vena cava. Cohn accepted, for a limited class of cases, backward convey-
ance of venous emboli; and in this sense interprets an observation of
thrombosis of the superior longitudinal sinus, with a plug in the right
axillary vein identical in appearance with an undoubted embolus in the
pulmonary artery. Von Recklinghausen has furnished evidence of the
retrograde transport of infective emboli into the renal veins.

From these cases it is seen that retrograde embolism of particles of
tumour, of tumour-cells, of parenchymatous cells, and of ordinary bland
and infective thrombotic fragments has been observed. Experiments
have demonstrated that, under certain conditions, light as well as heavy
particles may be transported in the veins in a direction contrary to that
of the normal blood-current. The veins in which retrograde embolism in
human beings has been found are the hepatic, the renal, the mesenteric,
the pampiniform plexus, the coronary of the heart, the cerebral veins and
sinuses, the axillary and the pulmonary. Experimental retrograde em-
bolism has been produced in many other veins, including those of the lower
extremities. While venous valves, when intact, are undoubtedly a pro-
tection against this occurrence, they are often imperfectly developed or
insufficient. Emboli have been repeatedly observed in the cerebral veins
and sinuses which should be protected by valves in the jugular veins.

Retrograde embolism is usually explained by a temporary reflux of
the venous current in consequence of some sudden obstacle to the return
flow to the right heart, as may occur with forced expiration and coughing,
Whatever increases the pressure in the veing near the heart, and impairs
the assistance to the venous stream afforded by the respiratory move-
ments and the suction of the right heart, favours this backward move-
ment. Increased intrathoracic pressure, stenosis of the respiratory pass-
ages, spasm of respiratory muscles, distension of the right heart, tricuspid
insufficiency, slowing of the heart’s beats from vagus-irritation, are among
the conditions believed to dispose to retrograde transport.

Ribbert does not accept the reflux theory of retrograde embolism ;
partly for lack of any positive ohservation of such backward flow
beyond the immediate neighbourhood of the right heart, and partly
on account of the difficulty in explaining what becomes of all the
blood which would be momentarily pressed back toward the capillaries,
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is but slightly adherent to the vessel-wall. It often presents a broken or
fractured surface which, in fortunate cases, may be made to ﬁt_op the
corresponding surface of the thromhus from which it was originally
broken off. It may be bent or folded, or show the marks of venous
valves, or present ramifications which do not correspond to those of the
artery in which it lies. It is of course of the first importance to find, if
possible, the source of the embolus ; and, when this is :_:lnne, to make a
careful comparison between the thrombus and the embolic fragment as to
resemblances in structure and appearance.

After the embolus has become adherent and surrounded by a secondary
thrombus, some of these differential criteria may still remain for a while ;
but, as time passes, the anatomical diagnosis becomes increasingly difficult.
The embolus may perhaps still be distinguished from the surrounding
thrombus by marked differences in its age and general appearance and
structure, possibly by the presence of lime salts. An adherent plug
which rides an arterial bifureation is much more likely to be an embolus
than a primary thrombus. In reaching a conclusion, weight must be
given to the condition of the arterial wall ; whether there be any local
cause for thrombosis,—such as compression, aneurysm, arterio-sclerosis; and
whether the microscope shows such secondary changes in the arterial wall
as generally correspond to the apparent age and character of the adherent
plug. The detection of a source for an embolus will be an important
consideration. The clinical history may aid in the anatomical diagnosis ;
and all attendant circumstances, especially the existence elsewhere of
undoubted emboli, should be taken into consideration. In some situa-
tions, as in branches of the renal or splenic arteries, primary thrombosis
1s 80 uncommon that the chances are all in favour of embolism.

It is evident from what has been said that in the older cases the
anatomical diagnosis must often be based upon a weighing of probabili-
ties, and that sometimes a positive conclusion eannot be reached.

Effeets.—Bland or aseptic emboli produce chiefly mechanical effects
referable to the obstruction to the cireulation ; toxic or septic emboli
cause also other changes which may be desecribed as chemical or infective.
We shall consider first the mechanical effects,

The direct injury which may be inflicted upon the vessel wall by
sharp calcareous emboli is, according to Ponfick, a rare cause of aneurysm.
Embholic aneurysms, however, stand in much more definite relation to
chemical properties of the embolus, as will be shown subsequently (p. 251).

Necrosis ;  Infarction.—The fate of a part supplied by an artery
cl?sc::l by a bland embolus depends altogether upon whether it is fod
within a certain time after the obstruction with enough arterial blood to
preserve its function and integrity. An embholus which does not com-
Pletely plug the vessel may cause no appreciable interference with the
circulation ; but the closure of the lumen is usually soon effected by a
secondary thrombus, The occlusion by a bland embolus of an artery
with abundant anastomoses, such as those possessed by the arteries
supplying bone, the voluntary muscles, the skin, the thyroid, the uterus,
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ing. In some situations, as the kidney and the retina, the infarct is
nearly always pale ; in others, as the lungs and the intestine, it is as con-
stantly hemorrhagic; and in yet others, as the spleen and the heart, it
may be either white or red. _

Where. there is not a sufficient quantity of coagulable substance the
avea of coagulative necrosis does not become hard ; and it may be of
much softer consistence than normal, as is the case with the ischeemic
necroses of the brain and spinal cord. Necrosis of peripheral parts, as
the toes, foot, leg, hand, is not of the coagulative variety ; for the dead
part is not swrrounded by living tissue to furnish the lymph swhich
brings one of the factors essential for coagulation. This peripheral
necrosis is called gangrene or mortification, and may be either dry or
moist.

Collateral cirewlation ; local anemio—As the state of the collateral
circulation is the decisive factor in bland embolism, it becomes important
to learn the conditions under which establishment or failure of this
circulation oceurs. This subject is one eminently open to experimental
study ; but more attention has been given to the anatomical than to the
physiological side. In fact many writers seem to assume that the
physiological factors can be so readily deduced from the laws of hydro-
dynamics that it is only necessary to investigate the size, arrangement,
and distribution of the vascular tubes. Nevertheless experience has
shown abundantly the danger of accepting anything in the physies of
the eirculation which has not been put to an experimental test on the
living body. The experimental study of the physiological conditions
which determine the development of a collateral eirculation has demon-
strated that this problem is by no means so simple as has been often
represented ; while some old errors have been corrected and new facts
have been added, we are still far from an entirely satisfactory solution or
any definite agreement of opinion. Tt is impossible here to do more
than touch upon certain points bearing directly upon the subject in hand.

If an artery with slender anastomoses to its area of distribution,
such as the femoral or the lingual in a frog’s tongue, be tied, the im-
mediate effect is stoppage of the circulation and anemia of the part
supplied by the oceluded vessel, accompanied by contraction of the
artery below the obstruction. Almost immediately, or within a short
time, the blood begins to flow with greatly increased velocity through
arteries arising above the point of ligation, but more rapidly only
through those which send blood by anastomosing channels to the ansmic
part. At the same time these arteries with quickened flow dilate,
I*:ormerlg,r this vascular dilatation and increased flow were attributed to
rise of blood-pressure above the ligature, but experiments have shown
that in most situations this is a factor of relatively little moment., The
rise of pressure cannot of course remain localised, and after ligation of
the ftamnm_l artery amounts at most to only a few millimetres of mer-
cury. Evidence of the relatively slight importance of this increased
pressure is that the ligated artery actually contracts from the point of
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Without following Bier in his somewhat vitalistic conceptions, or
speculating regarding the explanation of the phenomenon, we must, I
think, admit that deprivation of arterial blood sets up some condition
of a part whereby the vessels which feed it are in some way dilated to
receive any fresh arterial blood which ean reach t-hgm. The existence
of such an admirably adaptive, self-regulatory capacity must rh-s: an im-
portant element in the development of a collateral ecirculation, and it
may be remarked that it is a physiological rather than an nnutﬂmmfﬂ
factor. Bier believes that this capacity is very unequally developed in
different parts of the body ; being highest in external parts, and feeble
or absent in most of the viscera. He is also of the opinion that the
arterioles and capillaries of external parts have the power, by indepen-
dent contractions, of driving blood into the veins; and that, by con-
traction of the small veins, the capillaries of these parts are in large
measure protected from the reception of venous blood. X

A possible, but I think not fully demonstrated, variation in the
power to lower the resistance to the collateral stream of arterial blood is
not, however, the only physiological property which influences the vary-
ing effects following obstruction to the arterial supply of different parts
of the body. In some situations there are physiological arrangements
which seem calculated to inerease the difficulty of establishing an
adequate collateral circulation. Mall has shown that contraction of the
intestine exerts a marked influence upon the circulation through this
organ. In the light of his results, it is interesting to note that, imme-
diately after closure of the main trunk of the superior mesenteric artery
of a dog, the intestine is thrown into violent tonic contractions and
Tremains in an angmie, contracted condition for two or three hours ; after
which the spasm relaxes and the bloodless condition at once gives place
to venous hyperemia and hemorrhagic infarction, which appears in the
third to sixth hour after the occlusion of the artery (Mall and Welch).
This intestinal contraction, which under these circumstances s equivalent
to arterial spasm, is probably one, although not the sole, reason why,
in spite of free anastomoses, occlusion of the arteries supplying the
intestine is followed by necrosis and hemorrhage. That the explanation
is not to be found simply in the great length of intestine supplied by a
single artery, is evident from the fact that, if the extra-intestinal arteries
supplying a loop much more than 5 centimetres in length be suddenly
closed, the loop becomes hemorrhagic and necrotic (Mall and Welch,
Bier). That the conditions are essentially identical in man is proven by
the experience of surgeons, who have repeatedly observed the same
results after separation of the mesentery close to the intestine over about
the same length. The blood can enter at each end of the short loop
arteries, whose branches anastomose freely within the walls of the loop
with those of the closed arteries ; there being a particularly rich arterial
plexus in the submucous coat (Heller).  But these anastomoses are
maufﬁcfent to preserve the part ; although, with reference to the extent
of territory to be supplied, they are large in comparison with some of
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I have dwelt in some detail, althongh within the limited space
necessarily inadequately, upon certain physiological characters of the
circulation and of different organs and tissues, whif.:h appear to me
deserving of more consideration than is usually given to therp n
discussions of the causes of embolic necroses and infarctions. It is, of
course, not to be inferred that the number and size of the anastomoses
are not of prime importance in determining the mechanical effect-si of
arterial embolism, but, important as they are, they are not the exclusive
determinants of the result. There is no single anatomical formula
applicable to the circulatory conditions under which all embolic infarcts
occur. The nearest approach to such a formula is that embodied in
Cohnheim’s doctrine of terminal arteries, a name which he gave to
arteries whose branches do not communicate with each other or with
those of other arteries, although capillaries are of course everywhere in
communication with each other. Terminal vessels in this sense are the
renal, the splenic, the pulmonary, the central artery of the retina, the
basal arteries of the brain, and in general all branches of cerebral and
spinal arteries after they have penetrated the brain or the spinal cord,
the intramuscular branches of the coronary arteries of the heart, and
the portal vein.! Cohnheim’s teaching was that infarction oceurs
always after embolism of a terminal vessel, except of the pulmonary
artery, whose capillaries, under ordinary conditions, are numerous and
wide enough, after obliteration of an arterial branch, to maintain a
sufficient circulation ; and of the portal vein whose capillaries com-
municate freely with those of the hepatic artery. Thoma and
Groldenblum have shown that, contrary to Cohnheim’s results, no
infarction follows embolism or ligature of the frog's lingual artery,
which is or can readily be made terminal artery, provided the tongue
be replaced in the mouth after the operation so as to avoid stretching
and drying from exposure to the air. It is, therefore, quite possible in
some situations for an adequate circulation to be carried on through
merely capillary communications, although the conditions are of course
less favourable than when there are arterial anastomoses. On the other
hand, as we have seen, embolism of anastomosing arteries, such as the
‘mesenteric and the cerebral, may be followed by necrosis or infarction ;
and it cannot be said that the anastomoses in all of these cases are so
unimportant that the arteries are virtually terminal,

We may conclude then that, under ordinary conditions, embolism of
an artery having abundant and large anastomoses has no Important

! There is some confusion as to the sense in which the words  terminal arteries "' should
be used, and it must be admitted that later investigations have detracted from the precision
given to this term by Cohnheim, Thus some do not recognise the pulmonary artery as
terminal, because the lung is supplied likewise by the bronchial and several other arteries
whose capillaries communicate with those of the pulmonary artery. But unless we make
the extent of a second arterial supply the decisive point in the definition, we should have,
ior:e :_lit:gfwmeT tx:n;uifiﬁ. to uxr:lu:_ln thn} renal and the splenic arteries 1 rom the class of * terminal

: e conception of arter i i i = '
Lt Srnta s o furthle . m“n”inrtn:ar &5 which are funetionally * but not anatomically
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mechanical effect; that embolism of an artery with few and minute
anastomoses, especially embolism of an artery with only capillary com-
munications, is in many situations followed by necrosis, this result
being favoured by certain physiological conditions which have been
considered ; and that embolism of arteries with fairly well-developed
anastomoses may in certain situations also cause necrosis. Among the .
factors influencing the result, other than those relating to the number
and size of the anastomoses, are the varying susceptibility of cells to
ischeemia, interference with the circulation by contraction of muscular
constituents of a part, and perhaps some inherent weakness in the
physiological part of the mechanism by which a vigorous collateral
circulation is established. .

The compensation of sudden occlusion of an artery, by means of
the collateral eirculation, generally presupposes vessels with fairly normal
walls and a certain vigour of the circulation. When the arteries have
lost their elasticity, or the general circulation is feeble, or there is some
pre-existing obstacle to the eirculation such as chronic passive conges-
tion, the development of an adequate collateral circulation is rendered
correspondingly diffieult, and may be impossible. Hence embolism of
arteries of the extremities is often followed by gangrene in the aged,
in arterio-sclerosis, in heart disease, and in infective, anmmic, and
exhausting diseases. There are some observations which suggest that
arterial spasm may éo-operate with embolism in causing local anzmia.

The agencies by which a sufficient collateral cireulation is estab-
lished may be thrown out of order to such a degree that embolism of
arteries having even the most ample anastomoses may be followed by
necrosis. Foei of cerebral softening have been observed after occlusion
of the internal carotid or of one of the vertebral arteries ; although the
circle of Willis, the largest and most perfect anastomosis in the body,
was open, and no vascular obstruction could be found beyond it. Here,
doubtless, an important factor in this exceptional occurrence is the
rapidity with which nerve cells die when insufficiently fed with arterial
blood. Cohn narrates the interesting case of a young woman rendered
extremely anzmic by repeated heemorrhages from cancer of the tongue.
In order to control the bleeding the right carotid was tied. The
patient immediately, to all appearances, lost consclousness; acquired
ptosis of the right, then of the left eye, drawing of the anglq_a of the
mouth to the right, and relaxation and almost complete paralysis of the
left extremities. The pulse almost disappeared and the face became
very anemic. Respiration was unaffected. The ligature was at once
removed, and at the same moment the patient awoke ‘“as from a
dream,” and the symptoms just mentioned quickly disappeared. She
caid that she had not completely lost consciousness but was unable to
speak, and that her will had lost control over the organs. She ha.d lost
<o much blood that she died three hours later without again losing con-
cciousness before death. At the autopsy the carotids and all of the
cerehral vessels were found open, and there was no change in the brain
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except an@mia. In this case, the general an®mia was evidently so
great that after closure of one carotid, which probably lasted not more
than a minute or two, a sufficient supply of blood could not reach the
brain through the circle of Willis, _

Hemorrhagic infarction.—The explanation of the aceumulation and
extravasation of blood in hemorrhagic infarcts has been the subject of
much speculation and experimental study. It is on ly in certain situa-
tions that infarcts are heemorrhagic throughout ; and, as already mentioned,
these are no less necrotic than are the white infarcts. The necrosis and
the haemorrhage are co-ordinate effects of the disturbance of the circula-
tion, neither being caused by the other. Virchow, in his early writings,
suggested as possibilities, without definitely adopting any of them, most
of the explanations which have since been advanced to account for the
apparently paradoxical phenomenon that the ocelusion of an artery may
be followed by hyperamia and hemorrhage in the area of its distribu-
tion. Cohnheim, on the basis of experimental investigations published
in 1872, came to the conclusion that the hyperemia which may follow
arterial embolism is the result of regurgitant flow from the veins, that
the hemorrhage occurs by diapedesis, and that this diapedesis is the
result of some molecular change in the vascular walls deprived of their
normal supply of nutriment, Although Cohn, in 1860, had shown con-
clusively, by numerous experiments on various organs, that the hyperemia
and hemorrhage are not the result of regurgitant flow from the veins,
Cohnheim’s views were widely accepted until Litten, in 1880, in
apparent ignorance of Cohn’s work, repeated the experiments of the
latter upon this point with the same results. The experiments of Dr.
Mall and myself upon heemorrhagic infarction of the intestine in 1887
convinced us that the blood which canses the infarct is not regurgitated
from the veins. Cohnheim’s results upon the frog as to the source of the
blood in infarcts have not been confirmed by subsequent experimenters
(Zielonko, Kossuchin, Kiittner, Goldenblum, Thoma).

In situations where closure of an artery is followed by hemorrhagic
infarction, tying the veins also, so as to shut off all opportunity for
reflux of venous blood, increases the hyperemia and the h@morrhage ;
and it may render an infarct he&morrhagic which would ofherwise be
anemic. On the other hand, if all vaseular communication of a part
be cut off except that with the veins, the part undergoes sim ple necrosis
without hemorrhagic infarction ; and the result is the same even if the
artery be cut open, so as to afford apparently the most favourable
opportunity for backward flow from the veins. Or, expressed different] ¥,
if after closure of an artery all possibility of access of blood to the
obstructed area through anastomosing arteries and capillaries be pre-
vented, the veins remaining open, the part dies without hmmorrhagic
infarction. Cohnheim was in error in supposing that hemorrhagic in-
farction cannot oceur where the veins are provided with valves, for it
has been shown by Bryant, Képpe, and Mall that the small intestinal
vemns of the dog have effective valves ; yet nowhere can hemorrhagie
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pressure in this case may vary, but will generally be low. The arterial
pressure is so low that the lateral pulse-waves nearly or entirely dis-
appear, so that the force which drives the blood into the capillaries is
no longer the normal intermittent one, which experiment has shown to
be essential for the long-continued circulation of the blood through the
capillaries and veins. This reduction, or absence of lateral pulsation,
to which, so far as I know, other experimenters have not called atten-
tion, I believe to be the factor of first importance in the causation of
hemorrhagic infarction following arterial embolism.

We are not sufficiently informed concerning the physical and vital
properties of the blood and of the blood-vessels to be able to predict
positively what would happen under such abnormal circulatory con-
ditions as those named,” and actual observation only can furnish a
solution. The difficulties in making such observations under the
requisite conditions are considerable. Dr. Mall and I, in examining
microscopically, in a specinlly constructed apparatus, the mesenteric ciren-
lation of the dog after ligation of the superior mesenteric artery, observed
that immediately after the occlusion the circulation ceases in the
arteries, capillaries, and veins, In a short time the circulation returns,
but with altered characters. The arteries are contracted, but may subse-
quently dilate somewhat; and the blood from the collaterals flows
through them with diminished rapidity, and without distinet lateral
pulsation. The direction of the current is reversed in some of the
arteries. The movement of the blood in the capillaries and veins is
sluggish and irregular. The direction of the current in some of the
veins may be temporarily reversed, but we were unable to trace a regur-
gitant venous flow into the capillaries. The distinction between axial
and plasmatic current is obliterated. Gradually the smaller and then
the larger veins become more and more distended with red corpuscles,
and all of the phenomena of an intense venous hyperzemia appear, so
that one instinctively searches for some obstruction to the venous out-
flow. The red corpuscles in the veins tend to accumulate in clumps,
and may be moved forward, or forward and backward, in clumps or solid
columns. ~ Stasis appears in the veins. This is at first observed only
here and there and is readily broken up by an advancing colunm of
blood ; but it gradually involves more and more of the veins, and in
some becomes permanent, producing an evident obstacle to the forward
movement of the blood. The same phenomena of distension with red
corpuscles, _clur_nping, to-and-fro movement, and stasis appear gradually
in the ‘caplllanes.b A_n interesting appearance, sometimes observed in
zgi}l]ézn]ea and veins, is that of interrupted_mlumns of compacted red

puscles with intervening clear spaces which are sometimes clumps of
“'h_ltﬂ ‘3'5"1'13"15“]"_35, sometimes of platelets, sometimes only clear plasma.
E"r”-}h the partial blocking of the veins and capillaries, red corpusecles
“ﬂﬁg;?}gﬁa i‘l;‘:::lﬁlh :hle walls of these vessels by diapedesis ; and after
deceit & ge becomes so great that it is d1ﬁ‘1c1.111; 151 l‘lrhlservu

on within the vessels. The venous outflow is diminished
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eater the amount of diapedesis. The matter which needs explanation
is that the diapedesis may occur with lower than the normal pressure,
and through vessel walls apparently unaltered. This I q,ttrlbu!:n to the
fact that the red corpuscles, in consequence of the slow circulation, have
opportunity to become engaged in the narrow paths fnl}mvad .h_‘,r.the
Iymph as it passes out between the endothelial cells. Diapedesis is a
slow process, and the channels for it are much smaller than the thick-
ness of a red corpuscle. Unless the red corpuscles can get started on
the path hetween the endothelial cells, they cannot traverse it; and unless
the circulation is very much slowed, and the outer plasmatic current
obliterated, there is no opportunity for the corpuscles to become engaged
between the endothelial cells, provided, that is, the vascular wall be normal.
With greatly retarded circulation there is opportunity, and when the
way in front is blocked by compact masses of red corpuscles, and some-
times by actual thrombi, the only path open to the corpuscles is that fol-
lowed by the lymph between the endothelial cells. This then becomes
the direction of least resistance for their movement,

The reason why infarctions are hemorrhagic in some situations and
not in others offers difficulties chiefly in consequence of our ignorance
of the exact circulatory conditions which lead to the production of infarc-
tion in different parts of the body. It is generally assumed that these
circulatory conditions are everywhere essentlally the same; but this is
by no means proven. As we have already seen, the physiological
conditions which influence the result are various. It may be, therefore,
that the requisite intracapillary and intravenous pressure, or some other
condition of the cireulation essential for the production of hemorrhagic
infarction, is lacking when the infarction is anemic. In general a high
venous pressure favours hemorrhage in an infarction, and a low arterial
pressure opposes it. The pressure in the superior mesenteric and portal
veins is higher than in any other veins of the body. Hmmorrhagic in-
farction of the lung occurs especially with high degrees of chronic pas-
sive congestion in which the venous pressure is elevated. Thrombosis
of veins seems to be the cause of at least scme of the heemorrhagie in-
farets of the spleen. Hemorrhagic infarction of the kidney may be
produced experimentally hy ligating the renal veins.

The studies of recent years upon the formation of lymph have
demonstrated that the blood-vessels in different regions differ markedly
in their permeability, those of the intestine being probably the most
permeable. It may be that this difference in the constitution of the
vessels is an important factor in determining the extent of diapedesis
under similar circulatory conditions, As pointed out by Weigert, how-
ever, the greatest influence appears to be exercised by the resistance
offered by the tissues to the escape of red corpuseles from the vessels,
Hiemm'::hﬂ,gic infarction occurs especially where this tissue-resistance is
low, as in the loose, spongy texture of the lungs, and in the soft mucosa
and lax submucosa of the intestine. The hemorrhage is far less in the
dense muscular coats of the intestine. The considerable resistance offered
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'!:r}f the naturally firm consistence of the kidney is increased by the swell-
ing and hardness resulting from coagulative necrosis of the epithelial
and other cells of this organ; so that infarcts in this situation are
nearly always anmmic in the greater part of their extent, although
often heemorrhagic in the periphery. The spleen is of softer consistence
than the kidney ; and here both white and red infarcts may occur, the
latter especially with increased venous pressure. Although infarcts of
the brain are soft, they are much swollen in the fresh state from infiltra-
tion with serum, so as to displace surrounding parts (Marchand). Here
also there must be considerable resistance to the passage of red corpuscles
through the vascular walls; but it is not uncommon for these softened
areas to present scattered foci of hemorrhage, and sometimes they are
markedly hemorrhagic. The intraocular pressure is probably a factor
in making embolic infarcts of the retina anemic. Embolism of arteries
of the extremities with insufficient collateral circulation is often asso-
ciated with extravasations of blood in the isch@mic areas,

Metamorphoses of infarets.—A bland infarct is a foreign body most
of the constituents of which are capable of absorption and replacement
by connective tissue. The red corpuscles lose their colouring matter,
some of which is transformed into amorphous or erystalline hematoidin,
Polynuclear leucocytes, through chemiotactic influences, wander in from
the periphery, the advance guard being usually the seat of marked
nuelear fragmentation. This nuclear detritus mingles with that derived
from the dead cells of the part. Granulation tissue develops from the
living tissue around the infarct. Young mesoblastic cells wander in and
assist the leucocytes in their phagocytic work. In the course of time
the debris, which becomes extensively fatty, is disintegrated and re-
moved ; new vessels and new connective tissue grow in; and finally a
scar, more or less pigmented according to the previous content of blood,
marks the site of the infaret. In chronic endocarditis, depressed, wedge-
shaped scars are often found in the spleen and the kidneys. They are
rare in the lungs, not because h®morrhagic infarcts in this situation
usually undergo resolution like pneumonia or simple hemorrhages, but
because pulmonary infarcts generally occur under conditions not com-
patible with the prolonged survival of the patient. Partly {frgamsad
infarcts are not uncommon in the lungs. In the brain, ischemic soften-
ing may remain for a long time with apparently little change ; but the
common ultimate result is a cyst-like structure, which may be more or
less pigmented, and is characterised by a meshwork of delicate neuroglia
and connective-tissue fibres, infiltrated with milky or clear serum. Into
the finer histological details of the process of substitution of an infaret
by scar-tissue it is not necessary here to enter. _

Chemical effects.  Metastases.—FEmbolism and metastasis are some-
times employed as practically synonymous terms ; but, in ordinary usage,
by metastasis is understood any local, morbid condition produced by the
transportation of pathological material by the lymphatic or blood-current
from one part of the body to another.
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We have already considered the coarser bland emboli in respeet of
their mechanical effects. Similar emboli, so small as to become lodged
only in arterioles or capillaries, produce no mf?ﬂhaniml effects unquss,
as rarely happens, numerous arterioles or capillaries are ﬂhstructed._ T'he
subject of transportation of pigment granules, and that of metalllc. aufd
carboniferous dust, producing the various konioses, does not fall within
the scope of this article. On account of certain special features, emboli
of air, of fat, and of parenchyma-cells are most conveniently considered
separately (pp. 254-259). There remain, in contrast to the dead and
inert emboli to which our attention has been especially directed, those
containing tumour-cells and parasitic organisms, or their products,

Masses of tumour growing into a blood-vessel may be broken off and
transported as coarse emboli, producing all of the mechanical effects
which we have described. There have been instances of sudden death
from blocking of the pulmonary artery by cancerous or sarcomatous
emboli, as in a case reported by Feltz. It is, however, as a cause of
metastatic growths that emboli of tumour-cells have their chief signifi-
cance. In individual cases it is oftener a matter of faith than of demon-
stration that the metastasis is due to such emboli, for opportunities to
bring absolutely conclusive proof of this mode of origin of secondary
tumours are not common. There have, however, been enough instances
in which the demonstration has been rigorous to establish firmly the
doctrine of the embolic origin of metastatic tumours. The evidence is
that tumour-metastases are far more frequently due to capillary emboli
than to those of larger size. Cancers and sarcomas furnish the great
majority of emboli of this class; but in rare instances even benign
tumours may penetrate blood-vessels and give rise to emboli, which excep-
tionally are the starting-points of secondary growths of the same nature
as the primary. Mention has already been made of paradoxical and
retrograde transport of tumour-emboli, as well as of the possibility of
emboli of tumour-cells being so small as to traverse the pulmonary
capillaries,

Certain animal parasites, as the Filaria sanguinis, Bilharzia hsema-
tobia, and Plasmodium malarie, are inhabitants of the blood, or, in
certain stages of their existence within the human body, are frequently
found there. According to observations of Cerfontaine and Askanaazy,
the usual mode of transportation from the intestine of the embryos of
Trichina is by the lymphatic and blood-currents. Echinococei have
been known to pass from the liver through the vena cava ; or primarily
from the right heart into the pulmonary artery; and emboli from echino-
cocel present in the wall of the left heart may be transported to dis-
tant organs (Davaine). The Amaba coli has been found in the intestinal
veins ; and, as stated by Dr. Lafleur in his article on *“ Ameehic Abscess
of the Liver” (vol, v, p. 156), it is probable that this parasite can reach
the liver through the portal vein,

On account of their frequency and serious consequences, infective
emboli containing pathogenetic bacteria are of especial significance. Such
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thus independent of the particular circulatory conditions essential for the
production of mechanical effects. The most important of these c}}e.nncul
effects are heemorrhages, usually of small size, and of an entirely different
causation from those of hemorrhagic infarction ; neeroses ; inflammation,
often suppurative, and, in case of putrefactive bacteria, gangrenous putre-
faction. The most important function of infective embolism is in the causa-
tion of pyemia. This subject has been most competently presented by
Professor Cheyne in vol. i. p. 601, who has left nothing which requires
further consideration here.

Embolic aneurysms.—Both the first recognition and the correct ex-
planation of embolic aneurysms, at least of the great m:atjm*it.}r of cases,
belong to British physicians and surgeons. Tufnell, in 1853, called
attention to the influence of emboli in causing aneurysmal dilatation.
There followed observations by Ogle, Wilks, Holmes, Church, and R. W.
Smith, before the appearance, in 1873, of Ponfick’s important paper
on embolic aneurysms. Ponfick explained their formation by direct
injury to the vessel-wall, inflicted usually by calcareous, spinous emboli ;
a view which has since been confirmed only by Thoma. In 1877, Good-
hart, in reporting a case, gave the first satisfactory explanation of the
mode of production of most of these aneurysms. He pointed out their
association with acute infective endocarditis, and referred them to acute
softening of the arterial wall, cansed by toxic emboli. Other observa-
tions followed ; and in 1885 Osler reported a case which, although not
embolic, belongs etiologically to the same general category. This was
a case of multiple mycotic aneurysms of the aorta due to infective
endaortitis associated with infective endocarditis, In 1886 and 1887
appeared the contributions of Langton and Bowlby, the most valuable
in English literature, who fully confirmed and expanded in detail the
views first briefly announced by Goodhart. Eppinger, in his extensive
monograph on aneurysms published in 1887, presented the results of a
minute and careful study of this class of aneurysm, which he calls
aneurysma mycotico-embolicum, and reported seven personal observa-
tions. Of later papers on the subject may be mentioned those of Pel
and Spronck, Duckworth, Buday, and Clarke.

The evidence is conclusive that aneurysms may be caused by the
destructive action of bacteria contained in emboli or directly implanted
on the inner vascular wall. The usual source for such emboli in relation
to aneurysm is furnished by acute infective endocarditis; but as there
1s every transition from ordinary warty endocarditis to the most malig-
nant forms, and as the same species of micro-organisms may be found
n the relatively benign as in the malignant cases, no single type of
endocarditis is exclusively associated with these aneurysms. As is
demonstrated by Osler’s case, the same result may follow a mycotic
endarteritis not secondary to embolism.

Eppinger has shown that at least the intima and the internal elastic
lamella, and usually a part, sometimes the whole, of the media, are
destroyed by the action of the bacteria, when an aneurysm is produced.
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changes in nerves, inflammation of serous membranes covering infarcts,
and so forth.

Some writers have spoken of the oceasional occurrence of a nervous
or reflex chill at the time of the embolic act ; but, without denying the
possibility of such an occurrence, I think that chills associated with
embolism have been due usually to infeetion rather than to vascular
plugging.

Although Stricker has constructed a hypothesis of fever based largely
upon experiments interpreted by him as demonstrating that the com-
motion mechanically set up by emboli causes fever, I am not aware of
any conclusive observations which show that fever may be produced in
this way in human beings. Independently of the intervention of patho-
genetic miero-organisms, arterial embolism may, however, be accompanied
by elevation of temperature. Direct invasion of thermiec nervous
centres is, of course, only a special case in certain localisations of cere-
bral embolism. Gangolphe and Courmont attribute the fever sometimes
observed after arterial occlusion to the absorption of pyretogenetic sub-
stances which they find produced in tissues undergoing necrobiosis.
Other possible causes of fever may be the reactive and secondary inflam-
mations consecutive to emhbolism.

Only in external parts, or parts open to inspection, ¢an the phenomena
of mortification, or “local cadaverisation,” as Cruveilhier designated the
results of shutting off arterial blood, be directly ohserved. Here are
manifest the pallor accompanied by patches of lividity, the cessation of
pulsation, the loss of turgidity, the coldness, the annihilation of funetion,
the local death. The hmorrhages which result from arterial obstruction
may, however, be evident, not in external parts only, but also by the
discharge of blood from the respiratory passages, the intestine, and the
urinary tract ; as the result of pulmonary, intestinal, and renal infaretion
respectively. The phenomena following retinal embolism are open to
direct inspection by the ophthalmoscope. In parts not accessible to
physical exploration the symptoms are referable mainly to the disturbance
or abolition of function, and, therefore, vary with the special functions of
the part. They will be considered in connection with embolism of
special arteries (p. 261).

Diagnosis.—The main reliance in the differential diagnosis of em-
bolism from thrombosis, or from other forms of arterial obstruction, is the
discovery of a source for emboli, the sudden onset and the intensity of
symptoms referable to local arterial anzmia, occasionally the disappear-
ance or marked improvement of symptoms in consequence of complete
or partial re-establishment of the circulation, and to some extent
the absence of arterio-sclerosis or other causes of primary arterial
thrombosis.

Valuable as these characters are for diagnosis, they are neither
always present nor infallible. For pulmonary embolism the source is
to be sought In peripheral venous thrombosis or cardiac disease with
thrombi in the right heart ; for embolism in the aortic system, the usual
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manifest injury. Thus Laborde and Muron injected into the external
jugular vein of a dog 1120 cc. in the space of an hour and a half without
causing death ; and Jiirgensen injected into the left femoral artery of a
dog, weighing 43°5 kilo, 3550 ce. in the space of two hours a:lld a half
with only slight disturbance of the respiration and of the action of the
heart. Under these circumstances the air-bubbles circulate with the
bload, pass through the capillaries, and are speedily eliminated. Small
amounts of air introduced directly into the carotids, the left heart or
thoracic aorta, are often quickly fatal from embolism of the cerebral or
coronary arteries.

The sudden introduction of large amounts of air into the veins is
quickly fatal. Rabbits are much more susceptible to air embolism than
dogs or horses. 50 cc. of air, and even more, can often be injected at
once into the external jugular vein of a medium-sized dog without caus-
ing death ; nor can a dog be killed by simple aspiration of air into the
veins, even when an open glass tube is inserted into the axillary or
jugular vein and shoved into the thorax (Feltz). Barthélemy says that
as much as 4000 ce. of air must be introduced into the veins of horses
in order to cause death.

After death from entrance of air into the veins, the right cavities of
the heart are found distended with frothy blood, and blood containing
air-bubbles is found in the veins—especially those near the heart, and in
the pulmonary artery and its branches. It is exceptional under these
circumstances for air to pass through the pulmonary capillaries into the
left heart and aortic system,

There are two principal explanations of the cause of death in these
cases. According to one, associated especially with Couty’s name, the air
is churned up with the blood into a frothy fluid in the right heart, and on
account of its compressibility this mixture cannot be propelled by the
right ventricle, which thus becomes over-distended and paralysed. Ac-
cording to another hypothesis, supported by experiments of Passet and of
Hauer, blood mixed with air-bubbles is propelled into the pulmonary
artery and its branches, but the frothy mixture cannot be driven through
the pulmonary capillaries, so that death results from pulmonary embol-
ism. The paralysing influence upon the heart of obstruction to the
coronary circulation from accumulation of air in the right heart and in
the coronary veins must also be an important factor, as well as the
cerebral an®mia. Probably all of these factors—over-distension of the
right heart, embolism of the pulmonary artery and its branches and of
the coronary veins, and cerebral anemia—may be concerned in causing
death, although not necessarily all in equal degree in every case.

‘We have no information as to the amount of air required to cause death
by intravenous aspiration or injection in human beings. It seems certain
that man is relatively more susceptible in this respect than the dog or
the horse; but it is probable that the fatal quantity of air must be at
]Eﬂﬁfj several ﬂubl_c c?ntimatrus, and that the entrance of a few bubbles
of air into the veins is of no consequence. Many authors have entertained
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unexplained death. In the absence of a bacteriological examination,
the only cases which can be accepted as conclusive are those in which
death has occurred immediately or shortly after the actually observed
entrance of a considerable amount of air into the veins. There have
been a number of carefully observed and indisputable instances in which
during a surgical operation in the “dangerous region” lif_e was
imperilled or extinguished by the demonstrated entrance of air into
wounded veins. After the andible sound of the suction of air into the
vein, death was sometimes instantaneous; or it occurred in a few minutes
after great dyspneea, syncope, dilatation of the pupils, pallor or eyanosis,
occasionally convulsions, sometimes the detection by anscultation over
the heart of a churning sound synchronous with the cardiac systole, and
the exit from the wounded vein of blood containing air-bubbles. These
very alarming symptoms may disappear and the patient recover.

The evidence for this mode of death would seem to be almost as
conclusive for a certain number of the sudden deaths following
injections into the uterus, especially for the purpose of committing
criminal abortion, and after the separation of placenta pravia. But I
am sceptical as to this explanation of many of the deaths which have
been reported as due to the entrance of air into the uterine veins. In
the reports of Dr. Flexner and myself will be found the description of
several cases of invasion of the B. aerogenes capsulatus, which without
bacteriological examination would have the same claim to be regarded
as deaths from entrance of air into the uterine veins as many of those
s0 recorded. I have had the opportunity to examine the museum
specimen of a uterus of a much-quoted case so reported, and I found
in its walls bacilli morphologically identical with our zas - bacillus.
Certainly all cases of this kind should hereafter be reported only after
a bacteriological examination. Jiirgensen’s cases of supposed entrance
of gas into the general circulation through the gastric and the intestinal
veins are undoubtedly instances of invasion, either hefore or after death,
of gas-forming baecilli.

Since Paul Bert's researches, the symptoms and death which ocea-
sionally follow the rapid reduction of previous] y heightened atmospheric
pressure upon exit from a caisson or diver’s apparatus, have been plausibly
attributed to the liberation of bubbles of nitrogen in the circulating
blood. This explanation of the phenomena is not, however, free from
doubt, and it is difficult to bring conclusive evidence in its support in
the case of human beings. Little weight can be attached at present to
the reports of finding bubbles of gas in the blood-vessels of those who
have died from caisson-disease, for these reports have not hitherto been
accompanied by any bacteriological examination to determine the souree
of the gas.

Ewnld_am_i Kobert have made the curious ohservation that the lungs
are mot air-tight under an increase of intrapulmonary pressure which
may temporarily oceur in human beings. They found in experiments

on anmimals that small air-bubbles may appear under these circumstances
VOL, VI
S
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may aid in causing death in those greatly weakened by shock,
hemorrhage, or other causes. The detection of fat-embolism in the
pulmonary wvessels may be of medico-legal value in determining whether
injuries have been inflicted bhefore or after death. ‘ :

The deposition of fat-emboli is most abundant in the small arteries
and capillaries of the lung, where in extreme cases the appearances of
microscopic sections may indicate that considerably over one-half of the
pulmonary capillaries are filled with cylinders and drops of oil. In rare
instances of extensive injury the amount of fat in the blood may be
enormous, so that post-mortem clots in the heart and pulmonary artery
may be enveloped in layers of solidified fat. Some of the oil passes
through the pulmonary capillaries and blocks the capillaries and
arterioles of various organs; those which suffer most being the brain,
the kidneys, and the heart. The extent of the embolism in the aortic
system varies much in different cases, being sometimes slight, at other
times extensive. Probably the force of the circulation determines the
amount of fat, which passes through the pulmonary capillaries. Oil once
deposited may be again mobilised and transferred to other capillaries.

As alveady stated, it is only in the comparatively rare instances of
extensive fat-embolism that effects of any consequence are produced.
The fat itself is perfectly bland and unirritating, although it may be
accidentally associated with toxic or infective material. The lesions
and symptoms, when present, are referable mainly to the lungs, the
brain, the heart, and the kidneys. These lesions are multiple ecchy-
moses (which in the lungs and the brain may be very numerous and
extensive), pulmonary cedema, and patchy fatty degeneration of the
cardiac muscle and of the epithelium of the convoluted tubules of the
kidney. Pulmonary cedema, referable probably to paralysis of the left
heart, is common with extensive fat embolism of the lungs. Death
may undoubtedly be caused by fat-embolism of the cerebral vessels,
possibly also by that of the coronary vessels.

The symptoms in the extreme cases are quickened respiration,
rapid prostration, reddish frothy expectoration, the erepitations of
Pulmuna,r:,r cedema, small frequent pulse, eyanosis, and—with cerebral
Invasion—coma, vomiting, convulsions, and occasionally focal cerebral
symptoms. The temperature may either fall or rise, Oil-globules
are often found in the urine, but it is still an open question whether
these are eliminated through the glomerular capillaries, many of which
are often filled with oil.

I_“l"'-‘m_ the recent investigations of Beneke it appears that the oil is
readily disposed of, in small part by saponification, possibly oxidation,
and emulamn_ by means of the blood plasma ; but in larger part through
the metabolic and phagoeytic activities of wandering cells which form
a la.}rpr around the fat, The saponifying ferment — lipase — which
Hanriot has discovered in blood-serum is probably one of the agents
concerned in disposing of the fat.

Embolism by parenchymatous cells.—This is in general of more
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liver to thrombi formed around these cells. Marrow-cells and syncytial
cells may likewise cause, in less degree, secondary platelet m_nrl hyaline
thrombi ; but it does not appear that these thrombi have the importance
in the etiology of puerperal eclampsia which is attached to them by
Schmorl. With a few exceptions, no important lesions of the tissues
or definite symptoms have been conclusively referred to emboli of these
parenchymatous cells.

Although widely different in results, the transportation of tumour
cells by the blood-current is a process similar to that of parenchymatous
embolism, for which indeed cellular embolism seems to me a preferable
designation. Benno Schmidt has found small branches of the pulmonary
artery plugged with cancer-cells derived from gastric cancer or its
metastases, both with and without growth of the cells into the walls of
the plugged arteries. Such cells may reach the lungs by conveyance
through the thoracic duet and innominate vein,

Embolism of speeial arteries.—I shall present the salient character-
istics of the more important special localisations of embolism, so far as
these have not been sufficiently considered in the preceding pages, or do
not pertain to other articles in this work. Embolism of the central
nervous system will be discussed in the next volume under Diseases of
the Brain and Spinal Cord. The py@mic manifestations of infective
embolism have been described in the articles on ““Pymmia ” (vol. i. p.
601) and on * Infective Endocarditis ” (vol. i. p. 626 and vol. v. p. 876).

Pulmonary embolism.—The effects of pulmonary embolism vary with
the size of the plugged vessel, the rapidity and completeness of its
closure, the nature of the embolus, and associated conditions. Embolism
of large, of medium-sized and small arteries, and of capillaries may be
distinguished.

The most frequent source of large emboli is peripheral venous
thrombosis, although they may come from the right heart. Sudden
or rapid death follows embolism of the trunk or of both main divisions
of the pulmonary artery. It may oceur also from embolism of onl y one
of the main divisions or from plugging of a large number of branches at
the hilum of the lung.

.Deathpmay be instantaneous from syncope. More frequently the
patient cries out, is seized with extreme precordial distress and violent
au_ﬁ‘nmtiun, and dies in a few seconds or minutes, Or, when there is
still some passage for the blood, the symptoms may be prolonged for
hours or even days before the fatal termination. The symptoms of
large pulmonary embolism are the sudden appearance of a painful
sense of oppression in the chest, rapid respiration, intense dyspncea,
pallor followed by cyanosis, turgidity of the cervical veins, exoph thalmos,
dilatation of the pupils, tumultuons or weak and irregular heart's action,
sm_all, empty radial pulse, great restlessness, cold sweat, chills, syncope,
opisthotonos, :mrl_ convulsions. The intelligence may be preserved, or
there may be delirium, coma, and other cerebral symptoms. Particularly
striking is the contrast between the violence of the dyspneea and the
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Often enough, however, medium-sized and smaller branches of the
pulmonary artery are occluded by emboli or thrombi under conditions
where the pulmonary ecirenlation is incapable of compensating the
obstruction, and then the result is haemorrhagic infaretion of the lung.
The most common and important of the conditions thus favouring the
production of hemorrhagic infarction is chronie passive congestion of the
lungs from valvular or other disease of the left heart. It iz especially
during broken compensation of cardiac disease that hemorrhagic in-
farction of the lungs occurs, sometimes indeed almost as a terminal
event. Other favouring conditions are weakness of the right heart,
fatty degeneration of the heart, general feebleness of the circulation,
pulmonary emphysema, infective diseases.

The source of the embolus causing pulmonary hemorrhagic infare-
tion is oftener the right heart than a peripheral thrombus. Globular
thrombi are often formed in the right auricular appendix and ventri-
cular apex in uncompensated disease of the left heart, particularly of
the mitral valve (see Thrombosis, p. 183). The infarction may be caused
also by thrombosis of branches of the pulmonary artery, which are not
infrequently the seat of fatty degeneration of the intima and of
sclerosis in cardiac disease and in emphysema. Thrombi in larger
branches often give rise to emboli in smaller ones.

Pulmonary infarets are usually multiple, more frequent in the lower
than the upper lobes, and occur on the right side somewhat oftener than
on the left ; corresponding thus with the distribution of emboli. Their
size varies generally from that of a hazel-nut to a pigeon’s egg ; but it
may be smaller or much larger, up to half or even an entire lobe. They
are conical or of a wedge-shape, the base being at the pleura. Infarets
are rarely buried in the substance of the lung so as to be invisible from
the pleural surface. Typieal fresh infarcts are strikingly hard, sharply
circumseribed, swollen, upon section dark red, almost black, smooth
or slightly granular, and much drier than ordinary hzmorrhages.
Examined microscopically, the air-cells, bronchi, and any loose con-
nective tissue which may be included in the infarct are stuffed full of
red corpuscles. The capillaries are distended, and in all but the freshest
infarets usually contain, in larger or smaller amount, hyaline thrombi,
to which von Recklinghausen attaches much importance in the pro-
duction of the infarct. Fibrin may be scanty in very recent infarets,
but in older ones it is abundant. The walls of the alveoli in the
central part of the infarct are the seat of typical coagulative necrosis
with fragmentation and solution of the nuclear chromatin. Tt is prob-
able that the red corpuscles also undergo some kind of coagulative
change, for otherwise it is difficult to explain the extremely hard consist-
ence of the fresh infaret. It is possible that small pulmonary infarets
and very recent ones may occur without necrosis; but the ordinary ones
are necrotic, and cannot therefore be removed by resolution ; but, if the
patient lives long enough and suppuration or gangrene of the ’infa,rct
does not ensue, are substituted by cicatricial tissue (Willgerodt).
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mnfarcts. The necrosis cannot well be attributed to cumprﬂﬁsiﬂn of the
alveolar walls by the extravasated blood, for the capillaries in these are
usually distended widely with blood. It has the general characters of
the isch@mic necrosis of infarcts, except that it apparently oceurs some-
what later in the formation of the infarct and does not usually reach
the periphery ; phenomena which may be explained by the relative
tolerance of the pulmonary tissue of partial ischemia, and by a better
peripheral circulation than is present in infarcts elsewhere.

Inasmuch as emboli do not ordinarily cause infarction in normal
human lungs with vigorous cireulation, it is not surprising to find that
similar emboli under similar conditions do not cause infarction in the
lungs of animals. It is not easy to reproduce experimentally in animals
the conditions under which pulmonary infarcts occur in man ; yet there
have been several valuable contributions in recent years to the experi-
mental production of pulmonary infarction: these have furnished an
experimental basis, which, if not all that is to be desired, still marks a
distinet advance for the embolic doctrine of hemorrhagic infarction of
the lung. Pulmonary infarcts, in all essential respects identical with
those in human lungs, have been produced by experimental embolism or
arterial occlusion by Cohnheim and Litten, Perl, Kiittner, Mogling,
Grawitz, Klebs, Gsell, Sgambati, Orth, Zahn, and Fujinami. Most of
these experimental infarcts have been produced under conditions nob
very analogous to those of human infarcts; but the essential fact that
typical hiemorrhagic infarction of the lung may be caused by arterial
plugging has been experimentally established. Into the details of these
experiments it is impossible here to enter.

Whether genuine hemorrhagic infarcts of the lung may ever be
caused by simple hmorrhage from rupture of blood-vessels is perhaps
an open question. At present this mode of their production seems
to me undemonstrated and improbable, so that I hold that simple
pulmonary apoplexies and genuine infarcts should be clearly dis-
tinguished from each other. Neither the results of experimental
introduction of blood into the trachea (Perl and Lippmann, Sommer-
brodt, Nothnagel, Gluziriski), nor the appearances of the lungs after
undoubted bronchorrhagias, pneumorrhagias, and suicidal cutting of
the trachea support the opinion that aspiration of blood from the trachea
and bronchi causes genuine hemorrhagic infarction. In only one of
Sommerbrodt’s numerous experiments was such infarction observed, and
this he regards as accidental. The explanation of this exceptional
result is probably the same as in Perl's experiment with thrombosis
after venesection and an®mia,

I have seen, in two or three instances, nearly white or pale-red fresh
an@mic infarcts in densely consolidated lungs.! Even when caused by
bland embc_-li pulmonary infarcts are exposed to the invasion of bacteria
from the air-passages; and such bacteria] invasion may lead to sup-

I ] 3 1 "
In very rare instances pulmonary infarcts are angemic in consequence of extreme weak-
ness of the circulation (87),
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vary greatly in size, but in general they are much larger than !_;hﬂsa
ocecurring under the same conditions in the kidney, as cnmpnmtw_ely
large arteries in the spleen break up into numerous small tm-_rmnal_tmgs.
Averaging perhaps two to six centimetres in diameter, a El}‘lgiﬂ infarct
may occupy one-half or more of the spleen. The recent infarcts are
hard, swollen, and more or less wedge-shaped, with the base at the
capsule, which is often coated with fibrin ; or in older cases is thickened
and adherent by fibrous tissue. The great majority are caused by
emboli from the left heart or the aorta; but hoth hemorrhagic and pale
splenic infarcts occur without arterial occlusion ; especially in certain
acute infective diseases ; oftenest in relapsing fever, but also in typhus,
enteric fever, cholera, and septicemia. The causation of the latter is
unknown. Ponfick attributes them to venous thrombosis, which may be
the cause of the hemorrhagic infarcts; but it is difficult to understand
how it can produce the pale anwmic infarcts. Bland infarcts are mostly
ahsorbed and substituted by pigmented, occasionally calcified, scars,
which when numerous may cause a lobular deformity of the spleen.

Splenic infarction is often entirely latent. Of the symptoms attri-
buted to it chills and elevation of temperature belong usually to the
accompanying acute or chronic endocarditis. Swelling of the spleen,
which pertains to chronic passive congestion, is produced also by
infarcts. The most diagnostic value attaches to the sudden appearance
of pain in the region of the spleen, perhaps increased by lying on the
left side, by deep inspiration, and by pressure; and to a perisplenitic
friction rub, which can sometimes be detected. These symptoms are
not very certain diagnostic points; but when they oceur with some mani-
fest source for a splenic embolus, and perhaps with recognised embolism
in other organs, they justify a strong suspicion of splenie infarction.

tenal infarction.—There have been a few instances, especially after
traumatism, of nearly total necrosis of a kidney from thrombosis of the
renal artery, combined usually with thrombosis of the vein. Usually
plugging of the main artery leads to multiple infarction with intervening
intact areas. The capsular arteries suffice for the preservation of at
least a narrow outer rim of renal tissue,

Renal infarcts are nearly always an@mie, in the recent state some-
what swollen, and of an opaque pale yellowish colour, with the base of
the wedge just beneath the eapsule and the apex toward the hilum,
most frequently near the boundary between the pyramid and cortex.
Three zones can often be distinguished :—the main central yellowish
white mass of necrotic tissue ; next to this a narrow yellow zone of fatty
cells, nuclear fragments, and disintegrating leucocytes ; and an outer,
irregular, variable rim of hypersemia and h@morrhage which belongs
partly to the infarct and partly to the surrounding tissue. The hemor-
rhage may extend a variable distance into the in farct, and in very rare
Instances genuine hemorrhagic infarcts oceur in the kidney. Numerous
BCATS f'rﬁm old 1r1+fu,1:cts may produce a form of atrophic kid ney to which
the epithet embolic is applicable,. Thorel finds that a limited regeneration
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in cases of arterial obstruction to reduction or loss of lateral ]JE]]SELti!}T'I of
the blood-current ; that the isch®mia is increased by the tonie contrac-
tion of the intestinal musecle which follows for two or three hours’ closure
of the superior mesenteric artery ; and that the sudc}en aqd complete
shutting off of the dirvect arterial supply to a loop of intestine 5 to 10
etm. in length is followed by hemorrhage and necrosis of the loop, even
when the vessels at each end of the loop are open. These results we
obtained by experimentation upon dogs, but there 18 no reason to
suppose that they do not apply to human beings. With the exception
of Cohn, the other experimenters explain the infarction by regurgitant
flow from the veins and alterations in the vascular walls.

The majority of the cases of hemorrhagic infarction of the intestine
have been due to embolism of the mesenteric arteries, the source of the
embolus being usually the left heart, sometimes an atheromatous aorta or
aortic aneurysm, and in one instance a thrombus in the pulmonary veins
caused by gangrene of the lungs (Virchow). Several cases have been
caused by autochthonous thrombosis resulting from arterio - sclerosis,
aneurysm, pressure, or the extension of a thrombus from the adjacent
aorta. It is probable that a certain number of the cases reported as
embolic were referable to primary thrombosis of the mesenteric arteries,
as no source for an embolus could be discovered, and the plugs in some
of these instances were fresh adherent thrombi. As has been shown
in the preceding article, primary thrombi may form in arteries which are
free from atheroma or other chronic disease.!

In the great majority of the cases the obstruction was in the superior
mesenteric artery. The few scattered instances of embolism or throm-
bosis of the inferior mesenteric artery indicate that this also may, very
ravely, eause incomplete hemorrhagic infarction of the corresponding
part of the intestine, but that the collateral cireulation here is better,
and the lesions likely to consist only in small hzemorrhages in the
intestinal mucosa, The inferior mesenteric artery may be obliterated
without any manifest disturbance in the structure or function of the
part of the intestine supplied by it.

The obstruction may be situated in the main stem or in any of the
branches of the superior mesenteric artery. Intestinal infarction has
been associated with embolism of the larger branches oftener than with
that of the main stem. As the anastomoses through the arterial arches
are so free, obstruction of single small branches is without mechanical
effects. There have, however, been several instances of intestinal
infarction caused by multiple emboli or extensive thrombosis of small
branches of the superior mesenteric artery.

! Litten has reported two cases of hemorrhagic infarction of the intestine from thrombosis
caused by what he ealls ““ latticed endarteritis " (gitterformige Endarteriitis) of the mesenteric
arteries. 8o far as I can learn he has not furnished the fuller description which he promised
in hisarticle of nine years ago.  Without such deseription there is room for the suspicion that
Litten has mistaken the latticowork markings sometimes seen after detachment of an adherent
thrombus for a special form of endarteritis, Tt does not appenr from his article that he has
observed this “latticed endarteritis " except after removing adherent thrombi.
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Intestinal infarction is not the imperative result of occlusion of the
superior mesenteric arvery, as infarction is of occlusion of branches of
the splenic and renal arteries, and of the basal cerebral. Both the trunk
and the principal branches of this artery may be gradually closed
without serious effects. Tiedemann and Virchow have found the
superior mesenteric artery completely obliterated by old, firm thrombi
or connective tissue without any lesions in the jejunum or ileum. The
most remarkable case is that of Chiene, who found in a woman sixty-five
years old, with aneurysm of the abdominal aorta, complete obliteration of
the cceliac axis and both mesenteric arteries, with an adequate collateral
cirenlation through the greatly distended extra-peritoneal anastomosing
arteries. In a number of instances plugging of large branches of the
superior mesenteric artery has caused no more than hyperemia and super-
ficial ecchymoses, without genuine infarction of the intestine.

The rapid and complete closure of the superior mesenteric artery,
however, is followed with great regularity, probably constantly, by
h@morrhagic infarction of the intestine. ~ There have been several
instances in which embolism or thrombosis of the trunk of this artery
has caused hemorrhagic infarction extending from the lower part of the
duodenum into the transverse colon (Oppolzer, Pieper, Faber, Kauf-
mann), as in the experimental cases. More frequently the infarction is
in the lower part of the jejunum and the ileum, corresponding to
the occlusion of a principal branch or of several branches supplying this
region. The infarction corresponds in general to the area of distribu-
tion of the plugged arteries, but it may oceupy only a part of this area.
In several instances a single small loop or several loops with interven-
ing normal intestine have been infarcted.

As already intimated, the infarction may be complete or only
partial. When completely infarcted, the wall of the affected intestine
is thickened, cedematous, of a dark red colour from infiltration with
blood and covered with lustreless peritoneum. The margins of the
infarct are often sharply marked but may pass gradually into the normal
bowel. The mucous membrane is necrotic, often defective, and may be
coated with a diphtheritic exudate. In a few instances the intestine has
been gangrenous over considerable areas, without typical hemorrhagic
infarction, or with the hemorrhagic appearance adjacent to the gangrene.
The lumen of the intestine contains black tarry blood. There is bloody
fluid in the peritoneal cavity, and usually a fibrinous, sometimes a
fibrino-purulent exudate on the peritoneum covering the infarction ; and
there may be general peritonitis. The mesentery is succulent and
hiemorrhagic, usually in patches, exceptionally in the form of large flat
masses of extravasated blood. Areas of fat-necrosis may be present
in the mesentery. The mesenteric veins are distended and the
mesenteric glands often swollen and haemorrhagic. Various intestinal
bacteria, most commonly the colon bacillus, may make their way into the
peritoneal cavity through the necrotic wall. Flexner and I have
reported an instance of hemorrhagic infarction of the jejunum in which
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evidences of pneumo-peritonitis, supposed to be due to perforation,
existed during life. At the autopsy, made six hqura after death, a ]a:rgu
amount of gas was found in the peritoneal cavity without perforation.
The B. aerogenes capsulatus was present in large numbers in  the
peritoneal exudate. This case demonstrates the generation of gasin ’ghe
closed peritoneal cavity. In the intestinal mucosa were gas-blebs which
were observed also in one of Faber’s cases and in Jiirgens’ case of
intestinal infaretion.

The hemorrhagic infarction is by no means always so completely
formed as that just deseribed. There may be no hwmorrhages in the
mesentery. The extravasation of blood may be limited to the mucosa,
or even to the submucosa, as in one of Ponfick’s cases. In an instance
of nearly complete thrombosis of the trunk of the guperior mesentepric
artery, reported by Councilman, there were paralysis, great distension
and ecchymoses of the small intestine, but no infarction. Between mere
venous hyperzmia with scattered, superficial hemorrhages, and complete
necrosis and infarction, there are all gradations, the controlling factors
being doubtless the rapidity and extent of the arterial occlusion and the
vigour of the general circulation,

There have been two or three instances in which the anatomical
picture, of hemorrhagic infarction of the intestine has been present
without discovery of any obstruction in the corresponding arteries or veins.
Lycett reports an observation of hemorrhagic infarction of the small
intestine in an infant one month old without discoverable canse.

Hemorrhagic infarction of the bowel may be insidious in its onset
and course; and, in patients profoundly prostrated or with cerebral symp-
toms, it may oceur without the attention of the physician being drawn
to any abdominal trouble. Usually, however, the onset is abrupt, and
grave intestinal symptoms are present. In the majority of cases, severe
colicky pain and abdominal tenderness, either without distinet localisation
or most marked near the umbilicus, are prominent and usually the first
symptoms. The pain at the beginning is perhaps attributable to the
violent, tonic spasm of the intestine which follows sudden occlusion of
the superior mesenteric artery. After a few hours this spasm gives
place to complete paralysis of the affected part of the bowel, and then
the pain may be referable to peritonitis. The local anmmia, hemor-.
rhage, and necrosis seem, however, quite sufficient to account for the pain.
Vomiting, which often becomes bloody and oceasionally fwcal, is also
usually an early and persistent symptom. By far the most characteristic
symptom, which is present in the majority of eases but not in all, is the
Passage of tarry blood in the stools, which are frequently diarrheal,
and sometimes have the odour of carrion. In nearly all cases there
is hsemnrrhaga_ into the bowel, but the blood is not always voided.
Symptoms of intestinal obstrlmtiml—l;ympm:iti:: distension of the ab-
domen, f:enal_vnmiting and obstipation—are in some cases prominent,
and are readily explained by the complete paralysis of the infarcted
bowel. The subnormal temperature, pallor, cold sweats and collapse,
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more common are uleers caused by infective emboli lodging in the 3311;1”
arteries and capillaries in the intestinal wall; they are observed especially
in acute ulcerative endocarditis and pyemia. These emboli cause hazmor-
rhages, necroses, and miliary abscesses with resulting ulgerﬂtmnz The
ulecers are usually multiple, sometimes numerous, and sltl_mted in the
small intestine and cecum. The intestinal ulcers occasionally as80-
ciated with degenerative multiple neuritis are referred by Minkowski
and Lorenz to thrombosis cansed by disease of the small arteries, which
has been repeatedly observed in this form of neuritis.

Embolism and Thrombosis of the thoracic aorta.—Unless there be some ab-
normal narrowing or obstruction of the aorta, it is hardly possible for an
embolus tolodge in this vessel, except at the ostium or the bifurcation. An
exception to this rule may result from the detachment of a large aneurys-
mal clot, which, as in three cases of abdominal aneurysm rveported by Bris-
towe, may block the aorta at or just below the mouth of the aneurysm.

I 'know of but three instances of embolism of the mouth of the aorta—
two reported by Cohn with instantaneous death, and one by Reid in
which the patient lived an hour and a half after the first symptoms of
partial obstruetion.

In a very few instances the lumen of an atheromatous thoracic aorta
has been seriously encroached upon, or even obliterated, by thrombotic
masses.  Such cases have been reported by Trost, Tewat, Carville,
Armet, Chvostek, Jaurand, and Pitt. The thrombus may occupy the
ascending, the transverse, or the descending aorta, and may occlude the
mouths of the left carotid and subelavian arteries. If there remain a
sufficient channel for the blood, as in Pitt’s case, there is no resulting
circulatory disturbance; otherwise there may be paralysis, dema,
gangrene of the lower extremities, and, if the left subclavian is obliter.
ated, of the corresponding upper extremity. '

Bochdalek and Liittich have each described an instance of occlusion
of the aorta in infants by the extension of an obliterating thrombus
from a dilated ductus Botalli, Far more frequent is stenosis or atresia
of the aorta at or near the attachment of this duct, due usually to
persistence of the isthmus aorts, as was first shown by Rokitansky. Of
this latter condition about 100 instances have been recorded.

Embolism and Thrombosis of the abdominal aorta.—Graham in 1814
referred to a museum specimen in Glasgow, which had belonged to Allan
Burns, of ocelusion of the abdominal aorta just above the bifurcation hy
old laminated coagulum extending into theiliacs. T have found fifty-nine
subsequent reports of occlusion of the abdominal aorta by embolism or
thrombosis, and have seen references (which I have not consulted) to six
or seven other cases.! I have not included in this list the detachment
of clots from abdominal aneurysms, although Bristowe’s three cases

11 have not included von Weismayr's case ( Wiener med, Presse, 1804, p. 1774), as it was
reported while the patient was living, and in the discussion some doubt was expressed as to

thao fiiﬂ;,"ll!ﬂ!'!i.‘!; nor the brief mention made by Teleky, at the same time, of a similar
observation,
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symptoms like those of primary thrombosis of the aorta. There are
several instances of such secondary thrombosis of the aorta in my collec-
tion of cases. : . :

Without much confidence in the accuracy of the classification in
several instances, I have divided the fifty-nine cases into forty-five
referable to embolism of the aorta at the bifurcation, and fourteen [111!3': to
thrombosis ; of the latter, seven were primary, six secnnd_ary to emhﬂhsl.m
of the iliacs, or possibly the femoral, and one to thrombosis of the arteries
of the extremities. The source of the aortic embolus is believed-to have
been the heart in thirty-five cases ; aneurysm of the ascending aorta i_n
one ; pressure of a tumour on the aorta in two ; atheroma of the thoracic
aorta in one; in six it was undetermined. The heart was found to be
normal at the autopsy in eleven of the fifty-three cases; and in seven
both the heart and the aorta above the plug were normal,

Mitral stenosis existed in twenty cases (two of these being caused by
thrombi extending from the left auricle into the ventricle), acute mitral
endocarditis in three, mitral endocarditis, not further defined, in four,
mitral insufficiency without stenosis in one, thrombus in the left auricle
without valyular disease in one, thrombi in the left ventricle, mostly
without valyular disease, in eight, and large aortic vegetations in one.

The most interesting point in the etiology of plugging of the
abdominal aorta, so far as it is permissible to draw conclusions from so
few instances, is that nearly thirty-four per cent of the cases were
associated with mitral stenosis. In many of these the stenosis was
extreme. The question at once arises of the source of the embolus in
these cases, for it cannot be supposed that an embolus large enough to
occlude the lower end of the aorta could pass through the contracted
mitral orifice. Some of the cases may be explained by a smaller embolus
caught at the aortic bifurcation, or in an artery lower down, with secondary
thrombosis of the aorta; but the sudden onset of motor and sensory
paraplegia and of cessation of pulsation in both femoral arteries in a
large number of cases seems to demand abrupt stoppage of the circula-
tion through both common iliacs. A few observers who have realised
the difficulty here presented have assumed that a large thrombus had
formed in the left ventricle and been detached without leaving any trace
behind ; for only in two or three of the cases with mitral stenosis was
there any evidence of a thrombus in the left ventricle or the aorta above
the plug. This explanation must be regarded as purely hypothetical,
The coexistence in a number of the cases of infarctions of the spleen,
kidney, or brain has seemed to some writers strong evidence in favour
of the embolic nature of the aortie plug. Tt is possible that the explana-
tion even of the cases with acute bilateral symptoms referable to aortic
obstruction and associated with marked mitral stenosis may be the
lodgment of a small emholus followed by thrombosis of the aorta.
Althnug_;h n the classification above given I have placed nearly all the
cases with mitral stenosis under embolism, T am nevertheless not disin-
clined in spite of the rapid onset of the symptoms, and fmquen[]y
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follows immediately or very shortly after ligation of the abdominal aorta
just below the renal arteries in rabbits (Stenson’s experiment) is due to
ischemia of the lumbar cord, many have assumed that the same explana-
tion applies to the paraplegia in human beings after ocelusion of the
abdominal aorta. If the rabbit’s aorta he tied for an hour, and the
ligature be then removed, the paraplegia and paralysis of the bladder
and rectum are permanent, the gray matter of the lumbar cord under-
goes necrosis, and a genuine myelitis affecting chiefly the gray but also
the white matter ensues. The same experiment gives negative results
with the cat and usnally with the dog. In vietv of the great interest of
the subject, it is, to say the least, remarkable how few of the reports of
autopsies on persons dead of embolism or thrombosis of the aorta have
anything to say about the condition of the spinal cord. Roussel and
Heiligenthal observed no macroscopic changes in the spinal cord. In
Bell's and Barié and du Castel's cases the cord was microscopically
normal, save congestion in the latter. Broca, Legroux, and Malbrane
noted with the naked eye changes in colour, from which no definite
conclusions can be drawn. The only detailed report of a microscopical
examination of the cord is that of Helbing, who found, in the lumbar
region of a man who lived thirty-nine days after embolism of the
abdominal aorta, degeneration of the anterior and posterior nerve-roots,
more marked on one side than the other ; and degenerations in the cord
for the most part explicable by the changes in the nerveroots. The
lesions of the cord were quite unlike those found in experimental cases,
and are interpreted by Helbing as essentially analogous to those after
amputation, and not referable to isch®mia of the cord.

As the matter now stands, there are no direct observations to support
the opinion that the paraplegia following embolism or thrombosis of the
abdominal aorta in human beings is caused by ischemia of the cord, so
that the old explanation which refers it to ischemia of the peripheral
nerves and museles has the most in its favour. The question of the
possibility of this mode of production of paraplegia, however, seems to
me still open, and it is to be hoped that hereafter fatal cases of this
rare condition will not be reported without satisfactory mieroscopical
examination of the spinal cord. The anatomical investigations of Kadyi
and of Wlllmmsm} at least do not exclude the possibility that the lumbar
cord in human beings is dependent to a considerable extent for its bleod-
supply upon the lumbar arteries,

The diagnosis of ischemic paraplegia from spinal paraplegia can
generally be made without difficulty by the absence of femoral pulsation,
by the c:::r!dnf,-ss and lividity of the extremities, and by the occurrence
of gangrene in the former.

o I:Eéémﬂzzml it?_:; ::l?'ririils i{. Hu; e:tra.’-rehmi-ia’ies.-—{}f the arteries of tlle' a?:tl-emi-
i ]?I‘Ee mm{tn : e |E??Dm m‘ﬂ‘thg most fre_quﬂnt recipients of
7 esa;;-ntiu.ll iy s‘n llam volism of arteries suplljlymg_ the extremities

lally similar to those of arterial thrombosis, which have already
been considered (p. 206). The modifications resulting from the sudden
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cirenlation. Wooldridge, by injecting coagulative tissue-extracts into the
jugular vein of the dog, caused extensive clotting of blood in the portal
vein and its branches, followed by numerous hemorrhages and necroses
in the liver ; but the interpretation of these results as actual infarctions
does not seem to me certain, inasmuch as these extracts in toxic doses
produce a hemorrhagic diathesis, and may cause necroses in various situa-
tions independently of thrombosis. The focal necroses so often met with
in the liver in various infective and toxic states do not usually stand in
any definite relation to closure of the vessels (Welch and Flexner).

LEmbolism of the coronary arteries of the hearf.—This is far less frequent
than thrombosis, but Marie’s position, that scarcely more than one or
two of the reported cases of coronary embolism are free from all
criticism, seems to me too extreme. Metastatic abscesses in the heart
are not particularly rare manifestations of pyemia. To what extent
they are caused by coarse infective emboli, or by the lodgment of
isolated bacteria, or small bacterial clumps, does not appear to be estab-
lished. The heart ranks next to the kidney as the most frequent seat
of abscesses following intravascular injection of the pyogenetic staphylo-
cocei in rabbits.

Virchow, Chiari, Rolleston, Hektoen, and others have published
observations of bland embolism of the coronary arteries. I have
observed an instance in which the embolic nature of the plug seemed
to me conclusively established. A woman, 36 years old, who had pre-
sented symptoms of mitral insufficiency, died suddenly after a paroxysm
of dyspneea and precordial distress lasting two or three minutes. I
found an entirely loose grayish plug, 4 mm. long, with a rough irregular
extremity, completely occluding the descending branch of the left
coronary artery near its origin. There was no atheroma at the site of
lodgment of the embolus, although there were a few patches in other
parts of the coronary arteries. The segments of the mitral valve were
thickened, retracted, and beset with both old and fresh vegetations, and
globular thrombi werg present in the left auricular appendix. There
were also fresh vegetations upon the aortic valve. There were infarcts
in the spleen and kidneys. There were no fibroid patehes or infarction
in the myocardium.

The gﬂbcts_nf embolism of the coronary arteries are like those of
thmmhnmg, which have already been considered (p- 208).
vesaﬂgﬁ;}iwg; mnfni‘e’?;{}m-iasf i:}f ﬁ_a"w lr-ffi?e{ni WSS-E-’ES.—P]}Iggng of the reti_un.I
Lt 1% 3 nsl'.]sihlz Gn%lmb -.-L51 wel%_ a];s special ophthalmological
circ:tlI:a,t::nry disturhmﬁ:es in the r:t‘sﬂwﬂlwﬁl t']-le Gphﬂml?mﬁmpe Fhﬂ
TR ALl ot T ;T;iier sr} ;:}mm a.].l(F stasis follow im-
Vhik e pie ety y ot the retina by an embolus.
el e ci;: sudc e?ness. Both the arteries and the
sequently the vﬂinsjma illli]zfi];- :lllg Eev el SCHbtRoLEe Sul?-

G : y e .t} some extent, egpem;ﬂl:; in the peri-
P‘} J the retina, and present ampulliform swellin gs.  An interesting
phenomenon 1s the appearance in the veins of an intermittent, sluggish










































