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PREFACE.

Lirrie in the way of preface is here needed by those who have made
themselves familiar with the first volume of this work. In that we
dealt with the ca
HOW We p

s of d

e and the morbid and reactive processes;
forward to discuss the results of disease as it affects the
ditferent systems and, through them, the body as a whole.

We will not pretend that our first volume was other than bulky; to

many readers it may have seemed that the treatment of the various

sections was unnecessarily full. These same readers may be inclined
to consider that, working upon the same scale, the subject matter of
special pathology demands at least twice the space now afforded, or,
put otherwise, that our treatment of systemice pathology is as condensed
as that of general pathology was diffuse. A little consideration will, we
trust, show that our method, if unusual, is, nevertheless, rational. Pro-
vided that the student has acquired a good grasp of the principles of
general pathology, he has but to apply those principles in order to become
possessed of a sound basis of special pathology. If, to cite examples,
he be well acquainted with the modifications of the inflammatory
process as 1t affects parenchymatous and connective tissues, epithelial
and serous membranes, respectively; with the different forms of tumors
originating from the different orders of cells; with the particular orders
of degeneration likely to affect cells of one type or another; then his
familiarity with the histology of the different organs gives him the key
to special pathological histology. T'aking this knowledge for granted,
it becomes unnecessary to describe in detail the different conditions of
inflammation, tumor growth, and degeneration that affect the different
organs, Where these conditions are typical in their manifestations
their existence alone need be cited. It is only when their manifestations

present peculiarities that extended description is demanded; as also are
the details of the gross morbid anatomy, or naked eye appearances, of
the various organs under various conditions of disease.

We have proceeded, therefore, upon the assumption of a knowledge of
the main data of general pathology as afforded in our first volume, and
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this second volume would have had relatively small dimensions had we
not, in the first place, in luded the ]ut[']n‘n;‘\ of the blood and organs of
cireulation (nsually and erroncously ineluded under general pathology),
and, in the second place, had we not endeavored to make our treatment
more complete by dealing with the disturbances of funetion, as well as
those of structure.  We wonld reiterate that pathological anatomy (and
histology) is but one division of our subject, and that from the pathologist
of today there is equally demanded an acquaintance with the effects of
disease upon the function of organs. | pon this we would lay |n.||'!n|x|;|r
stress, because it 1s this department or aspeet of pathology which, for the
clinician and practitioner, if not the more important, is assuredly that
capable of the more immediate application. It is, indeed, interesting to

note the extent to which, nowadays, the advanced teaching in medicine

is hased upon what we would term functional pathology, nay, has become
teaching in this and little more; to observe, for example, the prominence
given in the modern Systems of Medicine to the preliminary chapters

upon the “physiological pathology™ of the different organs.  As a con-
necting link, therefore, hetween theory and practice this functional
|m|lw--]--;~ is of prime importance Realizing the attention that this
branch of patuology receives from our colleagues, we have not attempted
an exhaunstive treatment; instead, remembering that the inclusion is mere
or less of a novelty, we have taken into consideration the funetional
pathology of the more important systems only

In presenting this, the second edition of our volume on ** Systemic
Pathology,

ippreciation of the cordial manner inwhich our first effort was received.

we would be ungracious were we not to acknowledge our high

Cognizant as we are of its defects, it is perhaps but human that we
have experienced relief in finding that those who have been good enough
to study and eriticise the work have convieted us of sins of omission
rather than of commission.  We know that it would be possible to pro-
duece a work which, in certain respects, would have been much more
complete We know that some such, dealing with spec ial [»;\Illnln:iull
anatomy, for example, are actually on the market. But with us the
problem has been to impress upon the reader that systemic pathology
is much more than special pathological anatomy, and so to indicate fairly
this wider pathology as at the same time to afford a work within the
covers of a single volume,  And keeping in mind the main title of our
work, our object has been, while affording what seemed to us an adequate
ubstratum of necessary facts, to indicate the bearing of those facts and,

generally, to link theory to its practical application.  In short, to pro-
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duce a work which, if not exhaustive, would yet be suggestive and help-
ful. In the second edition the general plan and scope of the work
have, therefore, been maintained,  Nevertheless, we have strengthened

it in certain points where, in our jlll':lllllll, it scemed lacking. Un-

necessary repetition has been avoided.  Where conflicting opinions had

inadvertently been expressed, these have been modified in harmony

with what we believe to be the trend of the latest investigation.  Some

few subjects which were overlooked and omitted in the former edition
are dealt with now. Others, which |m~\||>!.\ were handled with seant
courtesy, are discussed in more detail.  Realizing th a book which
does not attempt to he exhaustive its defects may to some extent be

:nm;wmnlm’ by the inclusion of a good bibliography, this phase of the

subject has received fulier recognition. T'o facilitate handy reference,
the index has heen greatly amplificd and the eross-references are much
more numerous,  To save space, some few illustrations which were not
effective and some which were repeated have been omitted.  What
to our minds were the characteristic features of the hook, the introdue-

tions, in which we attempt to apply the facts of embryology, anatomy,

and physiology to the elucidation of disease processes, have been re-
arranged and have received much more adequate treatment.  The
introductory chapters on the disord of the Duetless Glands and
Nervous System have been rewritt the latter, indeed, being almost
recreated.  That on the Urinar tem has been greatly amplified
by the addition of some chemist discussion of the funetion of urina-
tion, and a consideration of tl ionship of urinary disease to general
metabolic process and lesio where. "The chapters preliminary to

the discussion of the Circulatory and Respiratory Systems are sub-
stantially unaltered, save for the addition of some points in embryology
and anatomy, which have been transferred from other parts of the
book. "Thus, altogether, this portion of the subject has been rendered
more logical and coherent, and is much more adequate than before.
In view of these changes, we feel that the usefulness of the book has
been greatly enhanced.  As it stands now, practically the whole of the
introductions to the Circulatory and Respiratory Systems and to the
Ductless Glands, and about half of that on Urinary Function are from
the pen of the senior author, together with sundry comments throughout
the text, while the junior author is responsible for the special descriptive
pathology, the preliminary chapters on the Digestive Funetions, the
Nervous System, and the newly added portion on the Urinary Function,

Both have collaborated over the general arrangement of the subjects and
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have criticised and emended harmoniously each other’s work. In this
way we have attempted to avoid " patchiness” and the other faults of
dual authorship.

In conclusion, we desire to thank our publishers for their hearty
codperation in the production of this edition of our work.

Mosrrear, 1911,
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YSTEMIC PATHOLOGY

INTRODUCTORY.

IN the first volume of this work, after having, if we ma
excavated with the endeavor to lay bare so far as
dations of Cellular Pathology, we proceeded to discuss
known as General Pathology, inquiring first into the causes of d
and next into the general morbid and reactive processe Doir
we passed from a study of the cells to that of the tissues wh
form, and ended by considering the progressive ar

O express It,

possible the foun-

1at 1s common|

hang

which may affect those tissues. Thence we pass natu study
of the vet larger aggregates, namely, of the organs and dif ystems
of the body, and engage in the study of what we would emic

Pathology. Moreover, just as in the first !
custom and, instead of making our treatment mainly histe
ourselves to a considerable extent upon the j
and chemistry of the cell and
present to the reader something more than the ti
Pathology, by which has come to be understood the study of Morbid
Anatomy and Histology, and of that alone.

We would once again emphasize that our subis ! rg
material development, and that to-day something more than this is
demanded. Inevitably, the study of .\;urh[ Patho forms the bulk
of our work, but inevitably also the study of the anatomical changes
occurring in the various organs leads to an inquiry into the significance
of these changes and the influence thev exert upon the function of those
organs. and, what is more, upon the organism a whole. Some
knowledge of Functional Pa or, as some would express it,
l’llpin[ﬂgiwul l'-llhu[u;_x .Alvhtm_f}‘. this d signation involves a contra-
diction in terms), is now requisite, and, indeed, forms a most dh[m"t.(rt
link between the labors of the pathologist and the clinician. To indicate
modern requirements we need but mention the popularity of Professor
Krehl's well-known work, and the many editions it has undergone,
despite the fact that its teaching covers no particular university course,
We have thus thought it wise to preface HH" treatment of the individual
systems with a consideration of the bearings of morbid changes in the
component parts of that system upon function. The vast array of data
that have accumulated in connection with the Morbid Anatomy and
Histology of the different organs make any adequate modern text-book
VOL, 11—2

siology,

» have endeavored to

ne-h 10n0Te d Special

1, 30 her

hologv,

(KROS54



18 INTRODUCTORY

of Special Pathology necessarily a large volume. Henee, in adding
these further chapters it has been indispensable to deal with these
matters of Functional Pathology from a broad rather than a detailed
standpoint.  We can only hope that these additional chapters will
render the work of additional service.
regards the order of procedure there are two systems having
ramifications which spread throughout the whole organism, namely, the
vascular and the nervous; the others, if perhaps equally essential, are
structurally more restricted and localized,  Considering their intimate
relationship with every region of the body, it would be appropriate
to consider these two universal systems first.  But here certain prac-
tical difficulties present themselves,  For many reasons the nervous
em should be given pride of place; its functions are so important,
so sharply defined from those of all the other systems, that it might
well be treated first and, as it were, dismissed before discussing the
other systems which functionally appear to be more intimately con-
nected.  But this course is inadvisable, and that because the study of its
pathology, if the most interesting, is also the most abstruse, and because
that study is so specialized that it throws little light upon and does not
naturally lead up to the other branches of systemic pathology. It
is, therefore, most practical and most wise to study first the disturbances
of the vaseular system and their effect upon the body at large, the blood
and lvmph and the vessels which bear these; from this almost inevitably
we pass on to consider the blood-forming organs.  And this is add tion-
ally advisable when it is recalled that hitherto it has been enstomary to
take up the more important disturbances affecting the distribution of
the blood and its constituents (anemia, plethora, thrombosis, embolism,
hemorrhage, cedema, ete.) as part of the comrse in General Pathology.
By dealing with these matters first we make a compromise between
that more usual and this, we believe, more logical method of procedure,
To repeat, we see no reason, save prescription and convenience, why
hemal and vaseular disturbances—and not nervous and respiratory also
—should be treated as portions of the course in General Pathology.
Intimately associated with one of the main functions of the blood, the
respiratory system next demands attention; and following this the
digestive system, through which the blood is supplied with nutrient
matter.  Following this natural system, it becomes inevitable that, great
as is its importance in the economy, the nervous system can only be
discussed late in our course.

We begin then with a study of the pathology of the cardiovascular
system, and first consider the pathology of the blood.




SECTION 1.

THE CARDIOVASCULAR SYNTEM.

CHAPTER I
THE BLOOD -QUANTITATIVE ALTERATIONS—ANEMIA—HYPEREMIA

IN discussing the circulation, we have to consider (1) the circulating
medinm, the blood, and with it the lymph, for this, as regards its fluid
constituent at least, is drawn from the blood, and like that, circulates,
even if slowly and imperfeetly; and (2) the circulatory apparatus, the
heart, bloodvessels, and lymphatic system. It is difficult often to separate
these, disturbances in the distribution of the blood, for example, being
now dependent upon primary disturbances in the bloodvessels, and now
the reverse being the case.  Remembering this, and being prepared to
find that a certain amount of overlapping is inevitable, it is, on the whole,
conducive to greater clearness if first the circulating medium be taken
into_consideration, and later the circulatory apparatus.

That the blood is the life is an old saying; that it ministers to the life
of the constituent cells forming man’s body, and is essential for the con-
tinuance of the same, more nearly states the facts of the case as we under-
stand them at the present time. If this be so, if through diffusion,
osmosis, and active or selective assimilation or excretion the cells gain
their nourishment from it, and directly or indirectly discharge into it
the products of their activity, then obviously the well-being of the organ-
ism as a whole, as of each constituent part, is liable to be affected by
changes of two orders, namely, changes in quantity and changes in
quality of the blood, either present in the body as a whole, or supplied
to a particular region or organ.  Whence it follows that we have to con-
sider: :

I. Quantitative alterations in:

1. The amount of blood as a whole.
2. The amount supplied to particular regions.

Closely allied to these,” the further alterations in the amount and
distribution of the blood caused by:

3. Products of disorganization (thrombi and thrombosis).

4. Presence of abnormal constituents and their effects (emboli
and embolism),

5. Escape of blood out of the vessels ~hemorrhage.
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11. Qualitative alterations in:

1. The fluid menstruum of the blood,
2. The corpuscular elements,

We have written above as though the blood came into immediate
contact with the constituent cells of the body. Save in the case of the
endothelial lining of the vessels, the cells of the splenic sinuses and
those of the hemolymph glands, and certain cells of certain tissues,
e. g., the Kupfer cells of the liver parenchyma, this is not the case.
It is not the blood as such that directly affords nourishment to the
vast majority of the cells of the organism, nor do these cells, as a rule,
discharge their products directly into the blood stream. It is the lymph
derived from the blood that is the essential medium of interchange for
most of the cells of the body.  Hence, therefore, we have to consider also:

111. The lymph, both as regards quantitative and qualitative changes.

QUANTITATIVE ALTERATIONS.

1. In the]Total Quantity of Circulating Blood.— We are apt to
accept too freely that the total amount of blood in the body is about
one-thirteenth of the body weight. This estimate we owe to Bischoff*
more than a half century ago. 1is method consisted in taking two
condemned criminals, weighing them before decapitation, collecting
the blood, washing, so far as possible, all the remaining blood out of
the vessels, washing their chopped-up organs, and finally deducting the
weight of the washed residuum from the original weight. The method
was, to say the least, somewhat erude and lacking in accurac As
shown by Haldane and Lorrain Smith? his results were excessive,
They found that the amount varies between one-thirtieth and one-
sixteenth of the body weight, the average given being roughly one-
twentieth (51 ;), or 4.78 grams per 100 grams of body weight. The
method employed by those observers was ingenious, and based upon
previous observations by Welcker and Grehant and Quinquaud.® "The
hemoglobin of the corpuscles takes up carbon monoxide (carbonic
oxide) with very much greater avidity than it takes up oxygen (accord-
ing to Nasmyth and Graham* the affinity is 140 times as great), and by
colorimetric methods the proportion taken up by a given blood can be
accurately determined.  Thus, if, for example, an individual be made to
inhale during a short period a known amount of the gas, well below the
amount necessary to saturate the blood, and then a few drops of the blood
be removed, and the percentage of CO present in this sample be deter-
mined, then it is a simple matter to determine how much has been absorbed
per cubic centimeter and what ratio this bears to the total amount of

1 Zeitschr, . wiss, Zool,, 7 :
? Jour. of Physiol.,, 25: 1900: 331,

3 Jour, de 'Anat, et de Physiol., 1882; 564
¢ Jour. of Physiol., 35: 1906: 3:

1 381, and 9 : 1857 ; 65,
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CO absorbed, and from thisjtoestimate the amount of the total circulating
blood. The figures gained by these two observers demonstrated that
in fairly healthy individuals there may be close upon twice as much blood
in one as in another. Making accurate observations upon series of
members of different species of animals, Bollinger arrived at similar
conclusions,  He, too, found marked variations in the amount of blood
|nn|m|lmn.|l to the body weight where there was no indication of dis-
These observations are fully borne out by the current observa-
tions of any pathologist who ]wrfnrlll\ a long series of autopsies.  Often
in elderly people, as again in those who had suffered from progressive
wasting discase, the tissues and vessels are charac teristically exsuccous
(to employ old Sir Thomas Browne’s expression); othér corpses, on the
contrary, ooze abundant blood at every cut; this last is particularly notice-
able, it has seemed to us, in cases of nlulrm tive heart discase.

Thus, it must be l\l-pl in mind that :lvp.uturn- from the normal, not
only in the specific *of a sample of blood taken from the finger or
lobe of the ear, but also in the number of er throcytes per e.mm., do not
by any means necessarily mean only qualitative, but also may indicate
quantitative changes. A heightened specific gravity, or an increase in
the number of corpuscles, may mean a reduction in the fluid of the
blood —a reduction in the amount circulating—and not an increased
production of corpuscles; a lowered specific gravity, or decrease in the
number of corpuscles, may indicate an actual or relative increase in the
quantity of the blood plasma, and not an increased destruction of the
erythrocytes.  In short, the mere study of a blood film and enumeration
of corpuscles is incapable of instrueting us either as to variations in
amount of the circulating blood, or (as is too often held) variations in the
production or destruction of the erythrocytes, Hitherto, we have been
reasoning on totally inadequate data. Thus, as Lorrain Smith has
pointed out, not a few conditions which hitherto have been classed among
the anemias or conditions of lack of blood are truly states of hydremia,
of dilution and increase in actual amount of blood. We admit freely
that the organism possesses, as shown by Sherrington, Lloyd Jones, and
Cobbett, a singularly delicate mechanism to counteract any sudden
change in the amount of circulating blood, and so to insure the due
\ulnpl\ to all the tissues—a mechanism so delicate that within a very few
minutes after a withdrawal of blood the specific gravity of that ronmmmg
within the vessels undergoes a decided fall, uuluunng a pouring of
fluid from the l\mph spaces and tissue cells in order to restore the
qu.mlm of the circulating medium.  But this admission does not oppose
the fact that different individuals need very different amounts of blood,
Your elderly maiden lady living sparely, and exerc sing her muscles with
uluul economy, has very different circulatory nee
vigorous athlete in the prime of manhood, in whom the assimilative
and disintegrative processes proceed apace.  And if this be so in condi-
tions of relative health, the variations in the quantity of blood in states

! Miinch. med. Woch,, 1886 : Nos, 5 and 6,
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of disease must be even more marked. We are bound, therefore, to
recognize the existence of conditions of oligemia, or diminution in the
amount of cireulating blood, and of plethora, or increased amount.

Oligemia (Ischemia, Anemia). \Where,, as may happen in secondary
anemias and in pernicious anemia, during life the individual has been so
bloodless that it has been difficult to secure a drop of blood from the
finger, and where at antopsy the amount of blood in the heart and
vessels is noticeably small in addition to being thin and of pale color,
there can be no doubt that a condition of oligemia has been present.!
Similar reduction in quantity may follow extreme or repeated hemor-
rhage, or great loss of the fluid part of the blood, as from cholera or
pernicious vomiting,. We are here speaking of quantitative changes,
but it must be remembered that these conditions may produce profound
qualitative changes also.  Thus, within a very few minutes after a con-
siderable hemorrhage there is a great drain of fluid from the tissues into
the bloodvessels, whereby the quantity of blood is brought toward the
normal.  If the hemorrhage be repeated, the tissues may no longer be
able to afford more fluid; what blood there is left in the vessels may be
both thin and small in amount; the corpuscle count will be greatly
lowered, In cholera, on the other hand, there is no loss of corpuscles;
what blood there is left is thick and so concentrated as to be almost
tarry.

Plethora.—For long years the teaching of Cohnheim® has influenced
pathologists to dishelieve in the existence of plethora,  Colnheim showed
that if saline solutions were injected into the vessels, they underwent a
rapid excretion by the kidneys and removal from the blood into the lymph
Spa of the body; the failure to produce plethora by this method
led him to realize the remarkable regulative power of the vessels and
tissues whereby the organism in health preserves a constant blood
atio.  He neglected to take into account that, as with all other mechan-
isms of the organism, this also might be thrown out of order in disease,
The observations of Lorrain Sy

h* by his carbon monoxide method
have completely overthrown this older teaching. It would seem, as
a general rule, that ample nutrition, coupled with active development
of the muscular system, is associated with increase in the amount of
blood above the normal.  Take two individuals of the same age and
height, the one a city clerk, the other a university athlete, and the large
heart and full pulse of the latter can only mean a large amount of circu-
lating blood. "T'he rate of heart beat may not be faster in the muscular
man, indeed it may be slower, but one has only to examine the heart
of such a case to determine the large size of the cavities, which, with the

Ihe term anemia has unfortunately come to mean not what it should signify,
“want of blood,” but diminution in the hemoglobin eontent, or in the number of red
corpuseles, It tends to greater precision to refer to this condition as oligemia, or
small quantity of blood (47/;0c, few).

* Lectures on General Pathology, cap. 7.

* For an epitome of Lorrain Smith’s work see his Appendix to Graham Steele’s
Diseases of the Heart, Manchester, University Press, 1006: 361
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associated greater size of the aorta, can only indicate a larger volume of
blood to be pnn'nvllul. There is such a condition as simple ]'|v~||mm,
i. e., actual increase in the amount of normal blood,

But as with oligemia, so here: conditions of abnormal plethora are
more recognizable, conditions in which there is increase in the fluid of
the blood in excess of actual increase in the actual number of corpuscles,
"There can be no question regarding the existence of watery or hydremic
plethora. Suchoccurs,as already noted, in many cases of obstructive heart
and liver disease, There, from the increased venosity of the blood, it may
be mistaken for true plethora, although study of the blood serum in these
cases has, in general, shown that it is of lessened specific gravity, 7. e.,
that the serum is diluted, and, as Grawitz has pointed out, a coincident
early sign of failure of compensation is reduction in the number of
erythrocytes per c.mm. Lorrain Smith’s observations' show that in
these cases the volume of blood becomes inereased two and three times
above the normal; they show that at first, to antagonize its dilution and
the slowing of the pulmonary circulation, the reduction in the number
of red corpuscles 15 not proportional to the hydremia, and further,
that the color index of the corpuscles is increased with indications of

a compensatory hematopoiesis.  Many more studies are needed before
we are fully conversant with the changes in the blood accompanying
heart discase.

What is the cause of this form of cardiac plethora it is difficult to say,
whether it is due to the associated impaired circulation through the
kidneys, and disturbance of their function, or to heightened venous and
capi

y pressure, dilatation and widening of the stream bed necessi-
tating a larger amount of fluid in order to keep the blood in movement,
A similar hydremic plethora has been noted in connection with obstruc-
tive lung disease. Closely allied is the plethora accompanying the
Munich beer heart, ably studied by Bollinger. The hypertrophy and
dilatation of the heart that follows the conscientious daily consumption
of many liters o! light beer would indicate that with absorption of this
beer there is a daily considerable increase in the a
ing blood. !

wunt of the cirenlat-

Yet another form of hydremic plethora is associated with parenchy-
matous nrl)hl*i(i\', It used to bhe lhnn:hl that the ;muln[».m_\ill:.l”nlllnin-
uria and drain of serum albumin from the blood was the cause of its more
watery condition, That, however, would not account for the observed
increase in amount in many of the cases, and for the absence of the
plethora in other types of nephritis,  French observers have of late indi-
cated a more probable cause, both of the hydremia and of the plethors
They have called attention to the deficient discharge of sodium chloride
from the kidneys, and it is now gaining increasing acceptance that the
accumulation of the chlorides in the blood and tissues attracts an in-
creased amount of water leading to both hydremia and eedema.  Re-

' Trans. Path, Soe. London, 53 : 1900: 136,
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striction of chlorides has been found to be followed by material improve-
ment.!

2, Local Alterations in the Quantity of Blood Supplied to a
Part.—1It is one of the commonplaces of physiological knowledge
that the blood supply of a part varies according to circumstances; that
increased activity of an organ is accompanied by increased pas of
blood to the same; that such ine + is largely controlled by the central
nervous system  through the vasodilator and vasoconstrictor nerves,
although at the same time conditions within an organ, and again, the
composition of the blood-—the presence, for example, of acids or alkalies
directly affect the walls of the smaller arteries and capillarie wsir
dilatation or contraction of the same, and, in consequence, variation in
the blood supply to the organ.

Where there is excess of blood in a part we speak of (local) hyperemia,
where deficieney, of (local) anemia.
In the above

i statement we have by no means exhausted the list
of conditions leading to a physiological alteration of the blood supply
of a part. The tone, or state of partial contraction of the vessels, has
to be kept in mind; the fact that the amount of blood is much below
the capacity of the vessels that carry it; that hyperemia and dilatation
of the vessels of one region demand a compensatory relative anemia of
the rest of the body, or of some region of the same; that there is evidence
of a special nervous control whereby, under normal conditions, the supply
of blood to that region which in the erect position should be the first
region to suffer from diversion of blood to other parts, namely, the
cranium and brain, becomes the last to be seriously affected. A knowl-
edge of the data upon which these conelusions are founded must be taken
for granted.

Local Hyperemia.—Three conditions, it will be seen, determine the
presence of an excessive amount of blood in an organ or part, namely:
(1) the passage of an inereased amount of blood into it, the outflow
remaining the same; (2) diminished outflow, the inflow being unaltered;
(3) no change in the caliber of the entering vessels or in the arterial
blood pressure, and no resistance or obstruction to the outflow through
the veins, but a widening of the capillary channels in the organ, The
first of these we term active or arterial hyperemia, the second passive
hyperemia or venous congestion; the existence of the third is largely
neglected; we may refer to it as capillary hyperemia, and discuss it first.

Capillary Hyperemia.—'I'he clearest physiological and, we are inclined
to think, pathological examples of this condition are afforded by an
organ which, it is true, does not so much possess capillaries as blood
sinuses.  As shown by Roy in his well-known oncometric observations
upon this organ, the normal spleen exhibits a slow pulsation of its
own, gradually expanding independently of any change in the general

! Vaguez et Digne, Ftudes sur la Retention et I'Elimin
1905; Ambard, Les Retentions Chlorures,
be regarded as still sub judice,

ion des Chlorures, Paris,
is, 1005, This matter, however, must
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blood pressure, and then gradually contracting. This pulsation is
attributed to the expansion and contraction of the plain muscle fibers
contained in the capsule. With each act of contraction the capillaries
and blood spaces of the organ are compressed and blood is driven out
of them; with each expansion these become filled again. To some
extent this must be true of all viscera possessing muscular walls;
expansion of that muscle, or loss of tone of the same, must passively
permit a hyperemia of the capillary areas within the muscle layer. It
may well be that the enlarged hyperemic condition of the spleen in typhoid
and other infections is not so much an example of arterial or active
hyperemia as of the capillary hyperemia due to paresis and giving
way of the muscular elements of the capsule, although with this another
probable factor is the actual obstruction to onflow of the blood encoun-
tered in the sinuses themselves, through the arrest and accumulation there
of the red corpuscles.  But even in this latter case it will be seen that the
hyperemia is of neither arterial nor venous origin. It will be recalled
that a similar capillary obstruction has been noted, answerable for the
obstruction to the passage forward of the blood and for the hyperemia
seen in acute inflammation (vol. i, p. 423), which thus, save in its first
stages, can scarce be regarded as truly of the active type. What may
be regarded as almost physiological examples of this order are seen in
the effects of cupping and hyperemia induced by suction.

Active Hyperemia.—T'his may be either direct, due to changes
telling directly upon the arteries passing to a part, and leading to their
dilatation, whereby a wider bed is afforded, and more blood enters the
part; or collateral, due to contraction of other arteries, whereby, other
things being equal, the blood pressure is raised and more blood is poured
into the arteries under consideration, and so into the region supplied by
them, Little need be said regarding the latter condition; we rare
encounter well-marked pathological examples save in the development
of collateral circulation in a limb or other region. The direct form
is relatively frequent, and may be due either to (1) stimulation of the
vasodilators, (2) paralysis, or inhibition of the vasoconstrictors, or (3)
direct local action of physical or chemical agents (warmth, temporary
ligature, atropine, croton oil, ete.) upon the walls of the arterioles, leading
to a giving way or expansion of the musculature. Diminution of ex-
ternal pressure acting upon an artery has a similar effect.!

The appearances of the affected part in true, active hyperemia are
characteristic; it is enlarged and swollen, the color is a bright, arterial
red; superficial parts, from the more abundant and freely circulating
blood, are warmer than the surrounding regions, and in not a few cases
it has been noted that the blood passing from the veins of the part is
arterial in character. In extreme cases there may be a sensation of

' It may be urged that the example afforded by us to illustrate capillary hyperemia
may be explained in this way, and that so this condition may be placed among
the active hyperemias. There seems, however, to be a distinet difference between
widening the capillary bed by reduction of pressure or active expansion of the organ
itself, and removal of pressure from the afferent vessel,
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throbbing in the affected part, together with visible pulsation of the
smaller arteries or even of the capillaries, as, for example, at the base of
the nail.  "The reddening may be distinguished from that due to hemor-
rhage by (in general) its brighter color, and more particularly by its
temporary disappearance when pressure is applicd.

Examples of these different forms of active hyperemia may here be
rapidly passed in review,

Neuroparalytic hyperemia, due to removal of vasoconstrictor influ=
ences.—The type example of this form wi Torded by CL Bernard in
his well-known experiment of dividing the cervical sympathetic nerve
in the rabbit, In man it has been noted that similar section of the
cervical sympathetic, or destruction of the same by tumors, ete,, leads to
||_\'|wrl'mi;| of the side of the face, and dilatation of the retinal vessels,
with heightened temperature. A like unilateral reddening, seen in
some forms of migraine or hemicrania, has been attributed to inhibitory
disturbance of the same nerve. It has, however, to be noted that not all
the paralytic hyperemias observed in the lower animals as the result of
nerve-section are to be encountered in man,

Neurotonie hyperemia, due to stimulation of the vasodilators,—The
type example by which this is demonstrated is the intense hyperemia of
the submaxillary gland which ensues upon stimulation of the chorda
tympani, a hyperemia so intense that the blood in the emergent veins
is of arterial character.  “T'o this order probably belong many of the
fugitive erythemas of particular arcas seen in neuralgic and hysterical
conditions, as again in food and drug idiosynerasies (vol. i, p. 410).
Here also probably belongs that striking condition, herpes zoster, in
which the cutaneous distribution of one or more nerves is sharply picked
out to be the site of acute hyperemia followed by exudation and vesicle
formation. We have already discussed the relationship of events of
this kind to inflammation (vol. i, p. 449). Of the same order would
seem to be erythromelalgia, a condition in which, suddenly, restricted
areas, often symmetrically situated on the feet or hands, present a burning
pain, with pronounced redness, heat, and pulsation. Closely allied
are the reflex hyperemias, of which blushing affords the familiar example,
Characteristic instances of this order are seen in certain cases of referred
hyperemia or inflammation, e, ¢., in the reddening and swelling of the
side of the face which may accompany acute inflammation of a tooth,
The rash upon the cheeks of infants when teething (roseola infantilis) is
of the same order,

Myoparalytic hyperemia (Lubarsch), due to influences acting directly
on the arterial wall.—OF influences which directly induce arterial expan-
sion may be mentioned warmth, temporary ligature or compression
(the active congestion which follows the use of Esmarch’s bandage is
a well-marked example), the presence of acids in the circulating blood,
which, as Gaskell has shown, causes dilatation of the cerebral vessels
(whe alkalies bring about contraction), atropine, ete. In the experi-
mental production of inflammation it has been demonstrated that eroton
oil applied to the rabbit’s car acts so slowly that the arterial dilatation
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can only be due to direct action and not reflex,  In bacterial inflamma-
tion the toxins must act similarly

Effects of Local Hyperemia.—Where this is fugitive no effects may be
detected ; where },rnlun‘_'wl. the increased blood flow is inevitably accom-
panied by increased transudation from the distended capillaries, with,
as a result, some swelling (eedema) of the part and increased flow of
lymph from the same.  Such increased flow siguifies also increased nutri-
tion.  We have already discusse
leads to increased growth, concluding that, unless

whether increased nutrition in itself

re be some coin-

cident strain or demand for inereased work, cells subjected to inereased

nourishment do not of necessity take on growth (vol. i p. 997 We
did not then take into account the undoubted influence of inereased
warmth in stimulating activities and growth,  Such increased warmth
is present in active hyperemia of a cial area, and we would

suggest that this may help to explai pparent exception to the rule

in the rabbit, the ear the hair on the atfected le grow more than
o those on the sound side

Extreme arterial hyperemia in an organ provided with a limiting
capsule ma , by compression of the specitic cell 15¢ (e te disturb-
ance of function, as also in l . ted org t overtilling
it may lead to capillary hemorrhage

Passive Congestion, or Venous Hyperemia.—\s alrcady laid do

about b obstructu or closure of 1

v g | forward through t wrtert e
mulates behind the point of arrest.  Thers th triking difference
between active and pa ¢ hvperemia, tl the former can only affect
1 relatively restricted area, the latter be widespread. A little con-
sideration shows why this is the case,  Normally there is considerable
tone or partial contraction of the arterie Rq | of this tone over
a wide area renders the bed too big for t wailable blood delivered
from the heart, and withi L Vel hort time there is insufficient
fuid entering  the r » keep ther ‘ PeTemic
I'o preserve an overf ¢ of the arteries of reg there must be an
extensive contraction of the arteries of other regio ['he con-
vergence of the veins, so that from relative AT
together and pou r blood it o1 n t 1
obstruction in this common trunk. or even in the he
a heaping po f obstruction : t
dammed i tr d org
these Hr::i- v obstret disease «
leads to pass tion of t olé ona X
disease of the I right heart causes evane
of the face, neck, liver, ther abdominal org P
of the liver or }-.rm[ ein pasiive t ‘
\}»'H‘!L ete.  Paradoxicall i and often doe |
v‘-llll-l-x» blockage of a all veir ttle or no passive congestion,
and this because in most of the organs of the body the smaller veins
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present abundant anastomoses, as a result of which, if one vein becomes
overloaded, the blood which should pass along it finds easy outlet along
collateral channels. It is where these anastomoses do not exist, or are
inadequate—in what is known as absolute or relative terminal veins—that
we encounter the most extreme results of localized passive congestion.

The causes of arrested onflow of the blood in the veins are manifold.
In the more widespread cases of passive congestion it is not essential
that there should be actual narrowing of the vascular channel; mere
weakening of the heart muscle, as from fatty degeneration without
valvular disease, may result in lack of propulsive power, whereby the
blood becomes |n-:||wnl up in the venous system. Again, it has to be
remembered that the normal advance of the blood along the veins is not
dependent only on the vis a tergo of the ventricular pump acting through
the arteries and capillaries.  Every muscular contraction presses on
certain veins, and through the agency of the frequent valves present in
them drives the blood forward; every beat of the arteries must have

!

a like influence on its vene committentes.'  The adjuvant action of
the negative pressure on the thorax during inspiration and the negative
pressure in the ventricles during diastole (see later®) need no comment,
We mention these things in order to emphasize the fact that (1) cardiac
weakness, (2) hindrances to perfect inspi

ion (paralysis of the dia-
phragm, or obstruction to the proper action of the same, accumulation
of fluid, or new-growth in the pleural cavity, ete.), (3) lowered blood
pressure and weakened pulsation, and (4) lack of muscular activity,
all play a part in lessening the onflow of the venous blood, and all to
a greater or less de

Such cong

rree favor venous congestion.

stion, it may be added, tends to show itself more especially
in those regions in which the veins receive least support or compression
from the surrounding tissues, and when at the same time these adjuvant
factors are least brought into play. "T'hus, other things being equal,
it is in those taking little exercise that piles or hemorrhoids are more
particularly apt to show themselves; in those standing much on their
feet, rather than in those indulging in much walking exercise, that vari-
cose veins of the leg are to be encountered.  Naturally, however, it is
where there is narrowing, blocking, or obliter

tion of the venous channels
that the passive hyperemia below the point of obstruction is most marked,
To cite all the means whereby these conditions are brought about in the
heart and veins would demand a very lengthy list; we must content
ourselves with briefly classifying the main order of events into (1)
conditions acting from within the blood channel (development of parietal
thrombi, Chapter I1), of intravascular new-growths, retrograde emboli
(Chapter IT); (2) conditions affecting the vessel walls, leading to stenosis
or narrowing (endocarditis of heart valves, syphilitic, and other forms
of phlebitis, new-growths involving the walls, ete.); and (3) conditions
acting from without, compressing the vessel (tumors, fluic

accumulations,

! Sir Lauder Brunton, Therapeuties of the Circulation, 1908: 5,
*Chapters VI and X1,
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inflammatory cicatrices, granulomas, pressure of enlarged organs, e. ¢.,
of the pregnant uterus, ete.). These conditions, to repeat, may affect the
heart or larger veins, or, again, individual veins within an organ or tissue,

Results.—An organ or part which is the seat of passive hyperemia
(1) is enlarged, primarily in consequence of the increased amount of
contained blood, secondarily as a result of increased transudation
from the distended capillaries; (2) is of a dark, purplish color, owing to
the distension of its vessels with blood, which, owing to long continuance
in the vessels, has become intensely venous; (3) is (when superficial)
cooler than the surrounding parts, owing to the slowed circulation.

A few words are necessary regarding the significance of these different
changes upon the blood, the vessels, and the tissues.

The Blood.~—Relative or active arrest of the blood within the capillaries
leads to greater giving up of oxygen and increased diffusion into it of
carbon dioxide, It thus becomes intensely venous. Thus, Lépine found
as much as 64 per cent. of CO, in the venous blood of a case of obstructive
heart disease. Tt is this that explains the cyanosis (or “blue” state)
of sufferers from passive congestion. One exception has to be noted:
the brain and spinal cord, when congested, do not exhibit cyanosis;

at most, multiple blood points (distended capillaries) stand out against
the pale background of the ent surface of the white matter. Complete
stasis or arrest may be followed by coagulation and thrombosis.

The Vessel Walls.—Continued passive congestion is constantly followed
by indications of injury to the venous and capillary endothelium; in the
first place, it is abnormally stretched and thinned; in the second, it
exhibits fatty degeneration, presumably as a result of carbon dioxide
intoxication,

The Tissues.—A result there is increased transudation, and, it
may be, modified (exudation), with some heaping of fluid in the inter-
stitial tissue (wedema). This may not be marked in individual organs
provided with a limiting capsule, but where there is general venous
congestion of large areas, as from heart disease, it is one of the most
striking features, with great accumulation of fluid in the body cavities
ascites, hydrothorax) and in the subcutaneous tissues (anasarca). The
most rapid accumulation of fluid occurs in cases of sudden blockage
or obliteration of the portal vein; here, apparently, in consequence of
the portal blood with its material absorbed from the intestines being
more toxic than systemic blood in general. Where the congestion is
extreme and the capillaries ill-supported, there may be in addition
repeated and multiple small capillary hemorrhages (Chapter 111), and as
a result of the breaking down of the hemoglobin the tissue may assume
a brownish color. In addition, through malnutrition and through
pressure, the specific cells of a tissue are apt to exhibit degeneration and
atrophy, This is particularly well seen in the liver, where, through
passive congestion, the cells of the centre of the lobule first undergo
diminution in size with pigmentation, and eventually become completely
atrophied and disappear, their place being taken by greatly dilated
capillaries (Chapter XXI). '
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There is still some debate as to whether passive congestion of any
order can lead to increased tissue growth. This we have already dis-
enssed (vol. i, p. 451). We would repeat that just as the Polish Jew
or Chinaman can live and even thrive under conditions in which the
Anglo-Saxon would starve, so when the congestion is of a moderate
grade, the simpler and hardier white and yellow connective tissues may
exhibit growth and proliferation at the same time that the more highly
organized specific cells of a tissue manifest progressive atrophy. In
addition to relative fibrosis due to this atrophy of the nobler elements, in
the liver, for example, we have to recognize definite cases of productive
fibrosis, not, we would emphasize, when the congestion is extreme,
but when it has been-of a moderate grade and long continued. Thus
there is developed a true cyanotic fibrosis or induration. Where the
congestion is extreme, where, that is, there is complete obliteration of
the vein or veins of a part, with inadequate means of developing a
collateral circulation, there the stasis of the blood is inevitably followed
by necrosis or death of the whole area, resulting in the production of
gangrene if the arca of distribution be large, e. ¢., the foot or leg (vol. i,
p. O87), or of hemorrhagic infarct if the terminal vein of one portion only
of an organ be involved,

Local Anemia.— Local anemia may be but part of a general blood-
lessness—as after a profound hemorrhage; it may also be collateral,
due to determination or drainage of blood to other regions, as in the
anemia of the brain in syncopal attacks following upon dilatation of
the splanchnic vessels (vol. i, p. 580).  More often, however, we have
to take into account the results of local disturbances of the blood supply
through particular arteries, leading to deficient cireulation in the areas
served by those arteries,  The causes of such local anemia are of the
same order as are those of local passive hyperemia, though here it is
the artery passing to a part that is affected, mstead of the vein passing
from it, and the results are widely contrasted.  Disturbances may be
brought about (1) by nervous influences acting upon the arteries, (2)
by pressure upon it from without, (3) by di affecting its walls, and
(4) by obstruction or plugging of the arterial lnmen by foreign or abnormal
matter,

1. Neurotic Anemia.—With Lubarsch we can (perhaps somewhat
insecurely) divide the cases in which individual arteries become con-
tracted through nervous influences into the direct and the reflex. Thus,
foremost among the direct he places the local anemias due to the action
of cold. We admit freely with him that it is in females and those of
a high-strung nervous temperament that such loeal contractions of the
arteries most easily and most frequently show themselves,  But in the
first place, we are inclined to believe that cold, like heat, acts directly
on the muscles of the arteries, and in the second, to doubt whether here,
as indicated by the greater sensitiveness to, and perception of, cold by
the affected individuals, there is not also a reflex element present. The
case does not scem to be a pure one. . More probably Raynaud’s disease
or symmetrical local asphyxia comes into this category, Here we deal
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with a remarkable condition, at first spasmodic, later persistent, of con-
traction of certain arteries, usually symmetrical, most commonly of
certain fingers and toes, although the whole hand or the pinnw of the
cars may be affected.  The affected parts become first anemic and feel
dead or tingle (“pins and needles”); if the condition continues for some
hours, they gradually become blue (through lack of propulsion of the
blood which slowly accumulates in the capillaries).  After some time
the condition may pass off and the affected area resume its normal
appearance and warmth, The tendency is for the condition to last
longer and longer until the prolonged anemia leads to death of the part
and gangrene.  Recent observations favor the view that in these cases
we deal, if not at first, certainly later, with definite sclerotic changes in
the arteries. It is, indeed, difficult to grasp the condition of prolonged
tonic spasm of the arterial muscle.  T'he cases thus may come into line
with those of senescent or so-called spontancous gangrene.

"The type reflea: anemia is seen in the pallor of fright or strong emotion ;
it is noteworthy that an emotion which in the one individual will stimu-
late the vasodilators and produce blushing, in another stimulates the
vasoconstrictors and produces pallor.

2. Exogenous or Pressure Anemia.— Fxogenous or pressure anemia
may be produced by the compression exerted upon the artery running
to an organ, by tumors, granulomas, cicatricial tissue, parasitic and other
cysts, ligatures, ete. It deserves note that in many instances this form
is preceded by passive congestion; when the pressure is of gradual
development there is a first stage in which the accompanying vein with
its lower blood pressure becomes first obstrueted and then m-(-llhli'd,
with the result that blood continues to be pumped into the organ or
part through the still functional artery, and escapes with difficulty; only
with inereased pressure does the artery undergo obliteration,

3. Endogenous Local Anemia.— Endogenous local anemia is induced
through changes in the arterial wall itsclf, e, ¢., sarcomatous and
other growths, or, the most frequent cause, endarteritis obliterans (see
Chapter VIII).

1. Hematogenous Anemia. — [lematogenous anemia is brought about
by coagulation of blood within an artery—thrombosis (see Chapter 11),
or by obstruction of the artery by foreign matter borne along the blood
stream—embolism.  The various substances which can act as emboli
will be discussed more fully later (see Chapter I1).

"The results of defective blood supply to a part, and local anemia, are
primarily: (1) pallor; (2) some reduction in size owing to lessened filling
of the vessels; (3) firmer consistency; (4) lowered temperature of the part;
(5) arrested function. With these there may or may not be secondary
disturbances, either a dead fecling, or sometimes intense pain, e. ¢.,
intense cardiac pain when a branch of the coronary artery becomes
blocked, or agonizing cramps when there is anemia of the muscles of a
lower limb,

The ultimate effects may or may not be of a more serious type, all
depending upon the distribution of the vessels in the affected part,
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(@) When through abundant arterial anastomoses a collateral circulation
is rapidly developed, the disturbance may be but transient. (b) Where
arterial anastomoses are present, but the area supplied by the blocked
artery is large relative to the size of the mllaterar vessels, it is obvious
that, at first, the region thus deprived of its normal blood supply obtains
inadequate nourishment, and its functional activity is gravely depressed.
Such conditions we find obtaining characteristically in the lungs, in which
every region has a double arterial supply, in the main from the branches
of the pulmonary artery, but in addition from the (smaller) branches of
the bronchial arteries.  (¢) When the artery is truly terminal. We shall
discuss the results in the following chapter,




CHAPTER IL
THE BLOOD—THE EFFECTS OF CLOSURE OF VESSELS.

It has been customary to discuss the effects of arrest of circulation
through a vessel in connection with the treatment of ligation (in surgical
works), or of embolism and thrombosis. The consequence has been
not a little repetition, and a tendency to regard the results as due to one
or other particular cause, and not as the natural outcome of the simple
process of occlusion. It seems to us better to take up the broader
subject of occlusion first, and later to deal with special modes,

It is obvious, in the first place, that arrest of the blood flow throngh a
particular vessel, the general circulation continuing, may be brought
about in three main way (1) By pressure acting from without; (2)
by overgrowth of, or growth within, the vessel walls, cither concentric
and diffuse, or localized, so that the lumen becomes more and more
reduced until it is wholly obliterated; or (3) by blockage from within.
The pressure from without may be very variously produced—mechan-
ically, as by ligature, or from general compression exerted over a part or
over a particular vessel (e. g., by a tourniquet), by the growth of a tumor
or cyst, enlarged glands, cicatricial bands, ete, The great cause of
diminution of the vascular lumen by overgrowth of the vessel wall is
arteriosclerosis (endarteritis obliterans). The corresponding condition,
phlebosclerosis, does oceur, but rarely proceeds so far as to obliterate
the lumen of veins, The infiltration of the intima by new-growth may
lead to like results. Blockage from within is due to either one of two
causes, or a combination of the two, namely thrombosis, the intravital
and intravascular “clotting” of the blood, and embolism, the arrest of
matter foreign to the normal blood at some point where the size and
configuration of the vessel prevents further progress along the lumen.
Such foreign matter, if of irregular shape, may not at first cause complete
occlusion, but upon it there may be deposit of plut(-lvi. and clotting of
the blood, so that the blockage tends to become complete,

The result depends upon whether we deal with ocelusion of an artery
or of a vein,

ARTERIAL OCCLUSION.

Many factors determine the result, namely, (1) the rate of narrowing
or occlusion of the vessel, (2) the presence or absence of anastomosing
arteries, (3) the size of the artery as compared with the collateral vessels,
(4) the extent of the area supplied by the artery, (5) the condition of
the heart and arterial blood pressure, (6) the venous blood pressure,
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34 ARTERIAL OCCLUSION

(7) the rate of flow, or perhaps more accurately, the difference between the
arterial and venous pressure of a part.

We have placed in the first place what at first thought would seem
to be a minor factor; further consideration shows that there is no factor
that so materially modifies the result.  The slow occlusion of an artery
extending over days hefore it is complete permits the development of
an adequate collateral cirenlation, so that when occlusion becomes com-
plete the region supplied by the blocked artery may exhibit not a sign
of disturbed nutrition; the sudden occlusion of an arte ry, as by an em-
bolus, may be productive of grave disturbances, even of necrosis in the
area of mppl_\, and this notwithstanding the presence of collateral anas-
tomosing vessels, Before these vessels hecome sufficiently dilated to
afford an adequate blood supply, the imperfect aération may have led
to tissue death,

The presence or absence of anastomosing arteries is a very important
factor.  As Cohnheim pointed out, the arteries of the hml\ are of two
types, the anastomosing and the terminal, as indicated in the accompany-
ing diagrams,

Sehema of an anastomosing chocudation, IE @ branch be ligatured or blocked »
region supplied by that branch receives abundant blood through the asastomoses bet
and other arteries, b and ¢ At most there i arrested circulation in the artery itself as far

s the nearest points of branching or anaston

ove and below,

ANASTOMOSING ARTERIES,—CoLLATERAL CircuraTion.—It isobvious
that in those of the former order, ligature or blockage, say at a, will have
very little effect npon the cireulation of the area be \onnl blood can so
|l\ pass into the area from the arteries b and e, The case presents no
difficulties under the simple conditions exhibited in the dmgrum The
conditions, however, are not always so simple. A large and important
artery, such as one of the iliacs, may become obliterated, The dorsal
aorta, even, Iln‘ungll imperfeet development, as in the condition known
as coarctation, be either excessively narrowed or completely blocked
just above the region of entrance of the ductus Botalli. And notwith-
standing the :|rn~sl of blood flow through such important channels,

£
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instead of the parts supplied becoming necrosed, we find that they
receive sufficient nutrition to remain alive, nay, more, after a time the
circulation through them may become wholly sufficient for the demands
made upon the region in the course of every-day existence. In these
cases we deal, it is true, with the same phenomenon, but with this differ-
ence, that the anastomosing or collateral vessels are often vessels which
normally are inconspicuous, that it is not merely the nches im-
mediately above and below the obliteration that cary the necessary
blood, that vessels over a singularly wide area may be involved, and
the collateral channels may be curiously round about.  An extraordinary
and widespread series of arterial anastomoses and enlarged collateral
channels is to be made out in the cases of congenital coarctation of the
aorta.  Apart from persistence of the duetus arteriosus, what are

The main trunks of 4 collateral circulation established by menns of the intere als and neck

reh of the aorta and the dorsal aorta in & cuse of ¢
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ween the interc
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tomotic brane

obstruetio f the ductus Botalli, 1, region of coare

by tal arteries; 3, subelavian arteries. From a
thirty-five years. (After J. F. Meckel and Thoma.)

ordinarily unrecognizable anastomoses between the intercostal arteries
become developed into arteries of the first rank, and a series of large
anastomoses is to be made out between the arteries of the root of the
neck and the upper intercostals, through which blood is conveyed into
the aorta below the obstruction,

What, it may be asked, is the process whereby these small anas-
tomosing vessels become enlarged, with hypertrophy of their walls,
s0 as to function as main channels? It cannot be said that we
wholly understand the process., Thoma, who has especially studied
the subject, has laid down certain principles, but these do not explain;
they only state the facts as we find them.  With Thoma, we are forced
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to see that it is not primarily an active distension of the collateral
vessels through increased pressure. It is true that where a large vessel
becomes suddenly occluded, that occlusion induces increased pressure
in the vessel (and its branches) behind the region of obliteration,
but this is only a temporary state; within a very short time the blood
becomes redistributed and the pressure falls to the normal. As von
Recklinghausen pointed out, the important factor is the rate of blood
flow.  And here it must be noted that that rate is determined primarily
by relative pressure, i. e., by the difference in pressure in the vessels
above the obstruction and those in the area whose supply has been cut
off; the greater the difference between these two pressures, the more rapid
the flow of blood into the part through vessels that are still open.  Thoma
lays down as his first principle that the distension of the vessels is
dependent upon the rate of flow through them. 'This, however, does
not carry us very much farther. Immediately after ligature or other
obstruction, the pressure in the artery beyond the obstruction sinks to
zero,  Blood then pours into the artery from anastomosing vessels; the
greater the pressure in the artery above the obstruction, the greater
the rate of the flow through those vessels, But circulation cannot be
reéstablished  through the capillaries of the area supplied by the
blocked artery until the pressure in those capillaries becomes higher
than that in the veins, Or otherwise the time must come—and that
relatively soon, unless the area of supply is to die from stagnation of
the contained blood—when in the vessels forming the anastomoses
there is no marked departure from the normal pressure difference
between artery and vein, and when, therefore, the rate of flow must
tend toward the normal and the dilatation of these collateral vessels,
according to Thoma’s principle, must be bronght to an end and should
give place to contraction.

We would suggest that another prineiple has to be taken into account,
not considered by Thoma-—the principle akin to that of Harris’
*“functional inertia,” noted in our first volume (page 103), the principle
of “overadaptation,” which time and again we observe in vital phe-
nomena,  We would thus suggest that when collateral vessels expand,
owing to increased rate of blood flow through them, the expansion is in
greater ratio than the inerease in rate of flow, with the result that the
capillary pressure in the area of supply, instead of being lower, tends to
become even higher than that in the surrounding tissues, whereby, in
place of stagnation of the blood, an active circulation is favored, 7. e.,
a greater “fall” into the efferent veins, We fully accept Thoma’s
second mechanical principle, that with dilatation of a vessel the added
strain of the larger stream of blood passing through it leads to growth
of the walls—provided that the strain be not excessive (vol. i, p. 593).
Thus it is that what had been little more than arterioles may become
developed into relatively large, thick-walled arteries.

In other words, a collateral circulation can be maintained only in
those cases in which the anastomosing vessels are sufficiently large
or sufficiently numerous to preserve, when dilated, the circulation in
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the area beyond the obliteration.  Where they are inadequate, there they
pour blood into the area, and in the absence of a sufficient vis a tergo,
the blood stagnates in the part, and by its stagnation the flow through
the collateral vessels, instead of continuing, becomes arrested, and infarct
formation or gangrene is the necessary consequence.

ANastoMosING VEINS.—In the case of the veins, we have, it is true, a
somewhat different condition of affairs; the blood passing through the
collateral vessels has not to supply later a capillary area; it has merely to
find its way into another vein nearer the heart. "The danger here is
not one of stagnation in front, but of stagnation in the capillary area
behind.

Venous anastomoses are freer and more widespread than are arterial,
and, as a result, the extent of the collateral circulation set up isat times
very extraordinary. Thus, when the portal vein becomes seriously
obstructed, the blood from the portal area may find its way through
a very wide series of tortuous collateral channels—through the coronary
veins of the stomach into the wsophageal veins, through those of the
gastro-epiploic omentum to the diaphragm and so into the vena azygos,
through anastomoses between the inferior mesenteric and the hemor-
rhoidal veins, and through the retroperitoncal veins of Retzius joining
the radicles of the portal veins in the mesenteries with branches of the
inferior vena cava, as also through the veins of the round and suspensory
ligaments of the liver to the epigastric and mammary veins, When the
common iliac veins are oceluded, or the lower end of the inferior vena
cava, we similarly find the blood from the lower extremities conveyed
through the epigastrics and veins of the anterior abdominal wall up
to the mammary veins, with the formation of a pronounced caput
medus®, or congeries of tortuous distended veins in the region of the
llil\"‘.

"T'he obliteration of a large vein coming from a part must undoubtedly
be followed by a marked rise of pressure behind the obstruction, and
that rise and the accompanying dilatation of the capillaries of the area
is frequently accompanied by cedema and acenmulation of fluid in the
tissues and spaces.  Where it occurs, this indicates that adequate col-
lateral circulation is not immediately developed, and that for some period,
at least, the circulation through the affected part is impeded. The rise
of pressure must materially increase the rate of flow through the col-
lateral veins.  Certainly the impression given is that the combined cross-
section of these collaterals comes in many cases to exceed that of the
obliterated vessel, and that the occlusion gains more than compensation,
On the other hand, the great tortuosity of these v and their long
and often roundabout course has to be taken into consideration, as
counteracting the free discharge of blood from the affected area. On the
whole, we see no reason to imagine that the same principles are not at
work in the case of the development of a venous collateral circulation
as in that of an arterial, and we think that for there to be free drainage,
the dilatation of the anastomosing vessels must be more than proportional
to the increased rate of flow through them.
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TermiNaL ArTERIES.—The case is very different in cases of the latter
order. Here ligature at a wholly cuts off the arterial supply to the region
beyond. ‘The only supply that can reach it is either by back flow through
the vein of the part, or through the abundant capillary anastomoses at the
periphery of the area. Not to enter into what has been quite an active
discussion, we may say that the first of these methods is now generally
discredited.  Such back flow would not create a circulation, whereas
microscopic examination of the peripheral capillaries shows that they
become greatly dilated and distended with blood.  Whatever circulation
or entrance of blood occurs into the part we now attribute to those
capillaries.  But these may be inadequate to nourish the part, save,
perhaps, at the very edge of the area of arterial supply, and as a result,
the main bulk of the tissue undergoes a rapidly developing necrosis, and
an infaret is produced.

Schema of a terminal arterial system in which the anastomoses are only between the s
it a may eut off the wh

 artery and its branches, unless the
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The terminal arteries of the body as usually given are: those of the
kidney, brain and spinal cord, spleen, the branches of the pulmonary
arteries, the coronary arteries, arteria centralis reting, and superior
mesenteric artery.  More accurately, these are the arteries in connection
with which infaret formation is encountered.  Further investigation
shows that these are not necessarily terminal arteries in the strict sense,
so that Cohnheim himself was forced to modify his views, and speak
of functional end arteries, The branches of the superior mesenteric
notoriously have free arterial communication with those above and
below, and yet true and often very extensive infarction of the small
intestine is encountered.  The same is true of the coronary arteries;
these are not devoid of definite, if small, anastomoses, and the same
may be said of the brain, and even of the kidney. In the lung, as again
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in the liver, while the pulmonary and hepatic arteries are of the terminal
type, they do not afford the sole blood sipply to individual areas; in the
one case branches of the bronchial artery open into the same capillary
network, in the other the portal vein supplies abundant blood. We
come back then to this: that it is not the absence of anastomoses or of
other arteries supplying the same arca that is essential to infaret formation,
but the absence of arterial anastomoses sufficiently large to insure the
proper nutrition ufu part once the main nutrient vessel to that part becomes
suddenly occluded,

Anemie Infarct of cortex of kidney to show coagulation neerosis, with surrounding zone
of congestion: a, artery, (Orth.)

Infarct Formation.—\What then is the nature of infarct formation?
When such a main nutrient artery becomes occluded, collateral arterial
supply is inadequate to cause a sufficient circulation through the asso-
ciated capillary area, and, owing to the cutting off of the main vis a
tergo, the blood pressure in the area sinks either to nil or, when
there exist small collateral arterial supplies to the area, to a point which
is below even the venous pressure of the surrounding tissue. As a
consequence, the specifie tissue cells of the part no longer gain sufficient
oxygen; anabolism is arrested, although catabolism and disintegration of
these substances may continue and result in the diffusion of carbon dioxide,
and other end-products into the lymph and blood.  We may compare the
process with the continued discharge of carbon dioxide by the frog placed
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in an oxygen-free atmosphere, or the liberation of carbon dioxide from the
removed kidney through which is perfused an oxygen-free salt solution.
"The result would seem to be a poisoning of the tissue with the products of
its own disintegration. While this is proceeding, blood tends to pour
into the capillaries of the part from the surrounding capillaries with their
higher blood pressure, The extent of this passage we shall discuss later,
but with it, following Weigert's conception of the process, there would
appear to be some increased transudation of fluid from the capillaries,
and absorption of the same by the tissue cells, The nuclei of those
cells lose their chromatin, Whether this diffuses out, or is converted
mto non-stainable matter, must be left an open question. And now,
through the formation or liberation of a thrombin or fibrin-ferment,
the whole area, cells, lymph, and blood, undergoes a process of coagula-
tion; it passes into a condition of coagulation necrosis. The whole
affected area—usually wedge-shaped in consequence of the fan-like
distribution of the branches of the affected artery—assumes a more
solid consistence than the surrounding tissue, is swollen, so that if it
abuts upon the surface of an organ it projects somewhat, and on section
it cuts firmly, and is sharply defined. It may be either of a pale, grayish-
yellow color—awhite or anemic infarct, or of a deep blood-red—red or
hemorrhagic infarct.

White Infarct.—1'he white infarct is encountered almost constantly
in the kidney, frequently in the brain, heart, and liver, less frequently
in the spleen, rarely in the skin and intestine, practically never in the
lung.! Where recent, the finer histology manifests a peripheral notably
congested zone, in which the capillaries are greatly distended with blood,
and within this, an almost hyaline mass, in which the outlines of the
constituent tissues can be faintly distinguished, the constituent cells
appearing to run into each other; the nuclei are invisible, and the
whole area has a homogeneous, unstained appearance.

Red Infarct.—'T'his, as regards incidence, is the converse of the white;
is practically always the form present in the lung, is the commonest
form met with in the intestine, is rarely present in the kidney, ete. We
would add that the so-called red infarets of the liver, due to obstruction
of branches of the portal vein, cannot be considered as genuine infarcts;
they exhibit, it is true, enormous congestion of the capillaries, but the
liver cells and vessel walls are not necrotic. There is still in them a
collateral circulation sufficient to prevent cell death,

Where recent, microscopic examination shows that not only are the
capillaries throughout the red infarct greatly distended with coagulated
blood, but in addition there is abundant evidence of hemorrhage; the tissue
spaces are filled with extravasated blood cells, There is no evidence of
actual rupture of the capillaries, the hemorrhage has been per diapedesin.

! We have on two i t

1 soft, gray inf; in the lung, but these
were obviously late stages in the resolution of a red infarct, with breaking down of
the erythrocytes, and diffusion out of the hemoglobin, and in one of the two cases,
beginning organization,
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"T'he tissue cells of the affected area show necrosis and absence of staining
of the same order as that seen in the white infarct. Here, one partial
exception must be made: in most red infarets of the lung we have been
able to recognize still the nuclei of the capillary endothelium, staining,
it is true, more feebly than normal, but standing out with some promi-
nence in contrast with the surrounding non-staining tissues, This is,
we hold, correlated with the existence of a second arterial blood supply
to the part through the bronchial arteries.  Such tissue is not absolutely
necrotic, and through it the circulation can eventually become restored;
considerations which explain the singular rareness of indications of old
cicatrized infarcts in the lungs. It is, indeed, remarkable how rare it is
to encounter anything that may be regarded as the cicatrix of a previous
infarct in the lung, and yet infarction at a previous period must be
common, especially in cases of long-standing cardiac disease. Where,
as in the lung, there is this double circulation, we must conclude that in
a certain, it may be a large, proportion of cases the vitality of the tissues
is not entirely lost, and that subsequent resolution and regeneration of
the alveolar epithelium, ete., i possible, the part returning to the status
quo ante, We thus recognize a series of transitional cases, through the
“red infaret” of the liver, with little or no necrosis, these red infarcts of
the lung, with necrosis of some, but not of all the component tissues,
up to the infarct proper, with complete coagulation necrosis,

Here, also, in passing, it must be emphasized that the red infarct is
due not only to arterial obliteration, but may equally be produced by
blocking of the efferent vein of an organ or part of an organ. Pro-
vided that there be no adequate venous anastomoses, the continued
pouring of blood into the part by the artery leads to overdistension
of the capillaries, stagnation of the blood, tissue necrosis, and hemor-
rhage. The picture is to all intents and purposes identical with
that of arterial red infarct, save that the congestion and hemorrhage
tend to be extreme. What is perhaps the best example of this form
is occasionally encountered in infants in the hemorrhagic infarct of
the adrenal, a rare cause of relatively sudden death. The primary
disturbance would scem to be thrombosis of the adrenal vein, The
organ is converted into a firm, swollen, intensely hemorrhagic mass of
dead tissue, It is still a matter of controversy whether some, at least,
of the red infarcts of the lung are not similarly due, not to embolism of
brenches of the pulmonary artery, but to thrombosis of branches of
the pulmonary vein, It is quite possible that this may be the case; but,
on the other hand, the more carefully these pulmonary infarcts are studied,
the greater is the number in which arterial embolism is encountered.
We must thus conclude that pulmonary infarct of venous origin is the
exception and not the rule,

The Mode of Production of Red and White Infarcts.—\Why under certain
circumstances and in certain organs we obtain white infarcts, and in
others red, has been angrily debated for now more than a generation.
Intimately associated with this has been the whole study of the mechan-
ism of infarct formation, and many of the positions taken have truly
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had more bearing upon this latter problem than upon the former. It
is generally accepted that when the arterial supply to a part—or the
venous discharge—is slowly obliterated, infaret formation does not oceur,
T'ime is then given for the establishment of collateral circulation.  For
infarct formation there must be relatively sudden arrest of the circula-
tion in a part. It is accepted also that infarct formation may occur
even when—as in the lungs, for example, and the intestines—a collateral
arterial supply is present, but is inadequate to provide, of a sudden, suffi-
cient nourishment to the area. Again, it is generally admitted that the
blood that pours into an infarctous arca does not enter by means of
back pressure through the veins, but through the capillary anastomoses;
there is a higher blood pressure in the surrounding capillaries than
in the veins. But reviewing the ancient controversy, it is abundantly
evident that considerations of general blood pressure, or capillary and
relative arterial and venous blood pressure, give no satisfying explanation
why, in some cases, the area becomes overfilled with capillary blood until
hemorrhage oceurs, and in others the congulation necrosis oceurs without
those phenomena showing themselves,  We have passed over the con-
troversy very rapidly because we believe that these discussions upon rela-
tive blood supply, and the conditions affecting it, arve, at the most, of but
secondary importance.  The explanation is to be sought along wholly
different lines, and has been afforded by the more nt studies upon
autolysis and tissue survival, It is, we hold, a fact of high significance
that white infarcts involve just those tissues which either have been
recognized as most rapidly succumbing to cirenlatory arrest, or, on the
other hand, are those which after death afford the most abundant pro-
teolytic and other ferments, and undergo antolysis most rapidly, Thus,
for example, it is the heart muscle that of all the muscles in the body first
shows rigor mortis, and first, through autolysis, passes out of that state;
the nervous tissue that first shows lack of response (i, e., dies) when its
blood supply is cut off; the cortical tissue of the Kidney that has empirie-
ally been seleeted to demonstrate the necrotie effects of temporary arterial
ligature (Litten's experiment, vol, i, p- 920); the liver, kidney, spleen,
and heart muscle that most rapidly exhibit autolysis,  Or, otherwise, it
is just those organs that either are most susceptible to arrest of blood
supply, and whose eells die with relative ease, or again, those which,
dying, discharge abundant autolytic enzymes, that may exhibit white
infarct formation. "Thus, we must assume that the essential cause of
the white infarct is the relatively rapid death of the constituent cells
of the affected area, with liberation of thrombin-—or prothrombin—and
that coagulation ensues, or rigor (for the two processes would seem
to be of the same order), before the capillary anastomoses have widened
sufficiently to induce hemorrhage.  "That in some organs we encounter
now white, now red, infarcts would scem to gain its simplest explanation,
not primarily in variations in blood pressure and in the rapidity with
which blood finds its way into the vessels of the infarctous area, but,
as Lubarsch points out, in the state of the cells at the moment when
the circulation is cut off. e gives an excellent example in proof. In
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the healthy rabbit it is only after ligature of the renal artery for about
an hour and a half that necrobiosis of the kidney is induced. If, how-
ever, the animal be inoculated with diphtheria toxins, or better, if acute
nephritis be set up by intravenous injections of ammonium chromate,
and in the course of the next day the renal artery be ligated, now closure
for only three-quarters to an hour is needed to induce complete infarction
of the whole kidney, recognizable, not immediately, but eight hours or
so after the temporary ligature.  He points out that by repeated closure
of the artery for half-hour periods, eventually the kidney cells become
so susceptible that half-hour closure is followed by infarction.  We may
recall the parallel observations upon the great variation in the onset of
rigor in muscles.  Where the muscle has been overexercised, as in the
hunted animal, this may follow immediately upon death; in other cases
putrefaction may ensue before it can show itself.  And so it has to be kept
in mind that infaret formation does not necessarily follow upon closure
of a terminal or functionally terminal artery. The state of the tissues
determines whether coagulation necrosis does or does not become de-
veloped.  This is particularly noticeable in the lung.  We have already
pointed out that here infarction is often incomplete, but in addition it
has to be noted that a large proportion of cases of embolism of branches
of the pulmonary artery fail to show any sign of infarct formation
T'his is more especially the case where large branches, such as those
supplying a whole lobe, become blocked,  In these the most we obtain
is congestion, It is quite possible that another factor comes into ope
tion here.  Weigert’s postulate has to be kept in mind, namely, that for
coagulation necrosis to ensue, there must not only be, as we may express
it, the liberation of a prothrombin from the dying tissues, but a some-
thing supplied to the affected tissues by serous infiltration from the blood-
vessels before coagulation can ensue.  Where a large tissue area has its
blood supply suddenly cut off, the pressure in the capillaries of that arca
may never reach a sufficient height to permit this exudation, or only
permits it at a period when further autolytic changes have already
manifested themselves, and coagulation is impossible. Here may be
the explanation why infarct formation affects only relatively small
areas, and why, when the blood supply is cut off from larger areas—a
limb, for example—then, in place of infaret formation, we obtain a lique-
factive necrosis or gangrene,

Here, farther, it must be pointed out, as shown by the researches of
Greenfield and Beattie," that it is not the mere presence or ahsence of
blood in the vessels of the obstructed area that determines the existence
of red or white infarct respectively, These observers state that in
experimental infarct formation in all cases examination during the first
few hours shows the distension of the capillaries with blood. It is evident
that what determines whether the red or white infarct becomes developed
is the rate of onset of the coagulation necrosis—whether this occurs after
or before the distension has led to hemorrhage.

! Beattie and Dixon, A Text-book of Pathology, Lippineott, 1908,
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The Results of Infarction. —1. C'omplete Resolution.—T'his, as already
indicated, would seem to occur where the infarction has been imperfect,
asin the lung.  We have evidence of the existence of fibrinolytic ferments
derived from both polynuclear and mononuclear leukocytes, as again
of proteolytic ferments, broadly of a tryptic nature, liberated in auto-
lysis. It is possible thus that capillary thrombi undergo complete ab-
sorption—that the hemorrhagic products in the lung alveoli become
likewise absorbed, that with the reéstablishment of an adequate circu-
lation the vascular endothelium regains complete vitality, as again, that
the alveolar epithelium becomes regenerated from the periphery.

2. Organization and Cicatrization.—This is the more typical event.
From the peripheral zone of congested capillaries abundant leukocytes
pass into the necrosed area. Partly through the heterolytic enzymes,
partly, it may be, through the autolytic, the necrosed area undergoes a
process of solution, and as this proceeds, new capillary loops pass in
from the periphery, and we have the familiar picture of the development
of granulation tissue and of subsequent cicatrization of the same, It is
a frequent experience to find the depressed cicatrix of old infarets in
the kidney and in the spleen.

3. Cyst Formation.—In the brain more particularly, in place of
organization, cyst formation may show itself (vol. i, p. 864).

4. Putrefaction.—Where pyogenic organisms are in the affected area,
or where the embolus causing the infarct is infective, there, according
to the size of the infarct, we may encounter either a putrefactive softening
of the infarct, with liquefaction of necrotic area through the proteolytic
bacteiial enzymes, and without the formation of true pus, or—

. Suppuration.—In small infarcts, true abscess formation, with
abundant leukocytes attracted into the area from the surrounding
capillaries, may be developed.

ication.—The conditions favoring calcification of a necrosed
area have already been discussed (vol. i, p. 927).

Mortification.—To recapitulate: where (1) there is inadequate anas-
tomosis, and where (2) the area whose blood supply is cut off is
extensive, there, in place of coagulation and infarct formation, we
encounter mortification.  We employ this term rather than what is
usually regarded as its synonym, gangrene, because, to most minds, the
latter carries with it the implied conception of putrefaction and decomn-
position of bacterial origin.  More recent research shows that, at least
in the first stages of cases of this order, there is an aseptic softening of
the tissues due to autolysis,

We feel some hesitation in drawing this sharp distinction between
infarction and mortification. It may well be that in the majority of
cases in which tissue death oceurs from the cutting off of the blood supply
of a part there is at least a preliminary stage of rigor and coagulation
necrosis,  But if so, this may be imperfect, involving certain tissue con-
stituents more than others, and passing off with relative rapidity as
autolytic processes manifest themselves. We approach here a problem
that has not yet to our knowledge been made the subject of investiga-
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tion, namely, to what extent, if any, does the development of coagulation
necrosis proper inhibit autolysis within the living body. Tt is not a little
striking that in organs such as the kidney, which out of the body exhibit
rapid autolysis, we encounter white infarcts which evidently are many
days old, but which have remained firm with no signs of autolytic soft-
ening, or, at most, what has been termed heterolytic softening at the
periphery through the agency of invading leukocytes; whereas, in other
organs, in which infarct formation is not so noticeable, softening may
ensue with relative rapidity.  Our knowledge of the whole subject, in
fact, of coagulation of the blood and of the tissues is in so chaotic a condi-
tion that it is impossible to lay down with any clearness why, when small
areas are involved, we are more likely to get infarct formation; when
larger areas, the process of mortification with softening.  We see ob-
scurely that for coagulation necrosis
to ensue, there must be some lib- Fia, 5
cration of kinase from the dying
cells, which, interacting with bodies
afforded by the surrounding lymph,
favors the formation of a thrombin
or ferment, which in its turn leads
bodies of the nature of fibrinogen,
both intracellular and extracellular,
to undergo solidification, or coagula-
tion.  We cannot lay down with any
clearness what it is, for example, that
brings it about that where a small
branch of the pulmonary artery be-
comes blocked, an infarct is pro-
duced; where a large branch, such
as that supplying a whole lobe of
the lung, no infarction ensues, but
only mortification.  Presumably the
capillary pressure in the two cases
and the extent of exudation play a
part—but this is only a presumption.
Gangrene. —Under conditions in
which, either from coincident closure
of the various anastomosing arteries
of a relatively large area, or absence
of anastomosing arteries in the same,
it may happen that little blood passes
into the dead area, and in that case in parts that are exposed and subject
to evaporation, there is gradual desiccation and the development of dry
gangrene.  Where bacteria gain entrance, putrefaction ensues, and thus
a form of moist gangrene—a form, it may be added, not so extreme as
regards distension of the vessels, exudation, and hemorrhagic infiltration,
as is seen where the efferent veins are blocked, the arteries still conveying
blood to the part (see farther, vol. i, p- 988). '

Gangrene of the foot, (Montreal General
Hospital )
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VENOUS OCCLUSION.

The canses of closure of veins are of the same order as those of arteries,
although certain exceptions are to be noted.  "Thus, neurotic or spastic
occlusion is unknown; the condition also of endophlebitis obliterans, or
proliferative overgrowth of the intima sufficient to induce obliteration, is
almost unknown; at most, rare cases have been reported.! So also in
regard to hematogenous occlusion, while thrombosis is common, em-
holism, from the nature of the case, is singularly rare, and can only
be due to a retrograde passage or falling of foreign matter into a vein.
This retrograde embolism will be discussed later.  And obviously, by
itself this can scarce induce complete occlusion; by inducing a surround-
ing thrombosis or, where of the nature of liberated portions of new-
growth, by subsequent proliferation, it may bring about not an immediate,
but a gradual complete closure.

Just as the primary effect of closure of an artery is to produce local
anemia of the region of supply, the extent of the anemia depending
upon the width of anastomosing vessels, so the primary effect of venous
occlusion is the production of congestion, the corresponding artery or
arteries pouring blood into the part which must become heaped up in the
area, unlvss there be adequate anastomoses.  In general, venous anasto-
moses are more abundant and larger than are arterial, and thus,in general,
where we deal with the ocelusion of a single venous branch in an organ
the effects are little noticeable. It is thus more especially when all the
veins coming from a part become oceluded (as in the case of an incar-
cerated hernia), or where the ocelusion affects the main vein coming from
an organ after it has received all its subsidiary branches, that serious
results ensue (as, for example, when the common iliac, the main portal
trunk, or a main renal vein becomes blocked by a thrombus).,  Even in
these cases the results are apt to be temporary rather than permanent,
Anastomosing vessels of minute size undergo a progressive dilatation, and
an abundant collateral circulation becomes developed.  How abundant
may be the paths of such collateral circulation may be indicated from
a study of those cases in which there is obstruction to the main portal
vein, such as occurs in cirrhosis of the liver, "T'o those various collateral
channels we have already referred (Chapter 1),

It is noticeable that, despite these abundant anastomoses, it may be
long bhefore the collateral circulation is adequate. Thus, when the
femoral vein becomes thrombosed, it may be long months before the
congestion and edema of a lower extremity completely disappear,
and longer months, or even years, before any increased exercise with
increased pouring of arterial blood into the part is not followed by
indications that the circulation is still imperfect and only able to do
little more than deal with the usual amount of blood—evidence in the
shape of swelling of the limb and muscular exhaustion.  And in portal

! See Meigs, Jour, of Anat. and Physiol., 34:1000:458
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cirrhosis of the liver, even after providing additional anastomoses by
causing adhesions between the omentum and the liver and the anterior
abdominal wall, the congestion and accompanying ascites are still apt
to continue, despite all the paths present or provided for the drawing
away of the portal blood.

Where the main venous trunk coming from an isolated, encapsulated
organ is suddenly blocked, there the opportunity for the carriage of the
venous blood is at a minimum, The organ becomes hugely swollen
and tense; there is complete stasis of the blood within it; interstitial
hemorrhages oceur, and the organ undergoes either infarction or morti-
fication.  We have already indicated (page 41), and here repeat, that
hemorrhagic infarction may result from venous obstruction.  Such
mortification may give place to gangrene in those cases in which oppor-
tunity is present for the entrance and growth of bacteria, as in a
strangulated hernia of the intestine or thrombosis of the veins of the leg.

Henee, to recapitulate, the results of occlusion of a vein may be:

1. Practically nil, when the vein is small and one of a series of abun-
dantly anastomosing vessels.

2. Intense passive congestion, with exudation of fluid from the vesse
wadema, ete,, and gradual development of a collateral circulation, the
congestion and dropsy disappearing as the collateral circulation becomes
more and more adequate.

3. Intense passive congestion with exudation, ete., giving place to
stasis and hemorrhages in those cases in which a collateral circulation

cannot be developed with sufficient rapidity. "This stasis results in:
4, Hemorrhagic infarction,
5. Mortification,
6. Gangrene,

EMBOLISM.

Intimately associated with the subject of vascular closure is that of
cmbolism,  Literally, an embolus is something “thrown in;” actually,
it is any body which, carried along in the blood stream, reaches some
point at which the narrowing of the vessel causes its arrest, so that it
cither wholly or partially blocks the vessel.  We are apt to conceive the
embolus as always completely blocking a vessel.  This is not essential;
the shape of many solid foreign particles must be such that they permit
some passage of blood around them. But undoubtedly their very
presence favors a secondary deposit of thrombus material upon them,
so that sooner or later the obstruction becomes complete.  According
to the size and the source of the foreign body forming the embolus, so
may we encounter them in all parts of the circulating system—in the
heart, aorta and arteries, capillaries, and veins,

Cardiac Embolism.—Cardiac embolism is very rare; oce
a long thrombus of the femoral or iliac veins may become detached
and be carried to the right heart, and there, becoming rolled upon itself,
may form a plug sufficiently large to become arrested in the conus
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arteriosus, blocking the entrance to the pulmonary artery. We have
encountered one such case. The ball thrombus of the left auricle
referred to later (page 71) is not strictly an embolus, 1. e., it does not
become firmly lodged in the stenosed mitral orifice; there are, however,
one or two cases on record in which large, irregular, softened thrombi
from the left auricle have become loosened and wedged in the stenosed
mitral orifice, and thus have acted as true emboli. It is scarcely neces-
sary to state that the result in these cases is sudden death,

Aortic embolism is also uncommon. While the aorta becomes very
perceptibly narrowed in its lower portion after the renal arteries have
been given off, it is rare to have a detached thrombus from the left
heart, or of parietal nature from the upper part of the aorta, so large that
it blocks this portion of the vessel.  Along with others, we have, however,
encountered & “riding embolus” poised upon the sharp angle of bifur-
cation of the common iliacs, which, itself loose and easily detached, had
led to an obliterating thrombus filling the last portion of the aorta and
there adherent,

Arterial embolism is the most common condition.  As Professor Welch
points out, it is difficult, if not impossible, to state with any degree of
accuracy the frequency with which the different arteries are involved,
and that because by no means all emboli give rise to symptoms, and
as a result they are not sought after at autopsy. As indicated in the pre-
vious chapter, unless the embolism occurs in a functional end artery,
the results are apt to be negligible, But observers are generally agreed
that the most common site is in branches of the pulmonary artery, and
the most common cause there is detachment of thrombus matter from
one of the systemic veins or from the right heart, Sometimes—and this
is most common during the puerperium—the detached thrombus liber-
ated from some of the pelvic vessels is of such size that folded upon
itself it fills the main pulmonary artery of one or other side at the point
where it divides into its main branches, Here again the result is sudden
death.  Where it is of smaller size, there may be recovery after a period
of intense respiratory distress and dyspneea. It is possible, further, that
a parietal thrombus in the proximal portion of a pulmonary artery may
become detached and act as an embolus,  Next most frequent, Welch is
inclined to believe, on general principles, are emboli lodging in the arteries
of the lower extremities, although these are apt to afford no symptoms;
a detached cardiac thrombus of small size, or loosened cardiac vegeta-
tions, is more apt to be carried in the centre of the arterial blood stream

is more likely thus to be conveyed along the axial current into the
common iliac of either side and its more direct continuation, the external
iliac, than to be directed into a side branch of the main trunk, Never-
theless, it isin these side branches that the effects of embolism are most
marked; they are most frequently detected, therefore, in the renal, splenic,
cercbral, iliac and other arteries of the lower extremities, axillary and
other arteries of the upper extremity, ceeliae axis with its hepatic and
gastric branches, central artery of the retina, superior mesenteric, in-
ferior mesenteric, abdominal aorta, and coronary arteries of the heart,
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This, according to Welch, is the order of relative frequeney of emboli,
that is, leading to observable symptoms and gross disturbances. These
arterial emboli are, in the main, portions of detached cardiac thrombi
from the left side of the heart or from the heart valves (vegetations),
more rarely portions of parietal aortic thrombi or calcareous and necrotic
matter from aortic atheromatous uleers. It is possible also that detached
thrombi from the pulmonary veins give oceasional origin to emboli.
Some few cases are on record of what is known as paradoxical or crossed
embolism, in which matter originating in the systemic venovs system
or right auricle has been found plugging the systemic arteries.  In such
cases there is a relatively large patent foramen ovale. Pateney of
this communication between the two auricles is very common; in «lmost
one out of every three hearts some communication exists, but usually
very small, oblique, and valve-like, so that increased pressure in one or
other ¢

iricle only serves to close the passage.  In a certain number of
cases the passage is wider and direct, and in these any increase in the
right auricular blood pressure over that of the left auricle must be
accompanied by flow of blood from the right into the left heart. As
a matter of fact thrombotie material has been found forming
embolus in the foramen ovale; one such case was encounte

i arterial
ed by Dr,
lohn MeCrae in our postmortem service at the Royal Victoria ||n~|ni(;||.
Yet another form of crossed embolism can oceur, though here the em-
bolic masses are very minute.  The capillaries of the lungs are relatively
large and distensible, so large that it is possible for particles the size
of tissue cells to pass through certain of these without being arrested,
Ihus, we have scraped the cut surface of a freshly excised rabbit’s liver,
made an emulsion of the scrapings, injected this into a systemie vein of
another rabbit, and Killing this after a few minutes, and making sections
of the different organs, have encountered isolated liver eells and minute
masses of the same in the arterioles of the kidney, determining at the
same time that the foramen ovale was closed, or, more accurately, was
non-existent,

Capillary Emboli. —Such minute masses, it is clear, are too small
to be arrested in the arteries; at most, they can block the capillaries,
and doing this, so abundant are the capillary anastomoses, that in the
majority of instances they must cause no recognizable disturbance,
Only when (1) these capillary emboli are extraordinarily abundant, or
2) have the capacity to propagate themselves, do they become mani-
fest, It has been notice

in the first place, that the pigmented remains
of malarial parasites after sporulation are peculiarly apt to be arrested
and accumulate in the fine capillaries of the brain and kidney, so that
large numbers of the vessels become blocked, resulting in functional
disturbance of these organs; in the second place, we encounter both
microbic and neoplastic cell emboli.  The former, by their continued
growth, set up an inflammatory reaction, and thus induce the formation
of multiple metastatic abscesses, hematogenous miliary tubercles, ete.;
the latter form the centres for the development of metastatic new-growths,
We are doubtful whether primarily the majority of so-called microbie
VOL, 11—4
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emboli should strictly be regarded as such. When an infected thrombus
breaks down, then undoubtedly the particles of softened matter form true
capillary emboli; they block the small vessels, and the contained bacteria
continue to grow until they form a dense mass filling and extending along
the capillary; but in many cases of pyemia, what we deal with is the
transport of individual microbes which, becoming taken up by the capil-
lary endothelium without any circulatory arrest, multiply within the

Fo. 6

Patent F. nuun) \/f L/

3
v
Y
, (’\\
¢ 1 N
s Q :

Schema of crossed embolism, to indicate the passage of thrombotic material from the veins to
form emboli in the systemic arteries by passage through the fenestra ovalis.

endothelial cells, and only after distending and breaking these down
grow into and along the lumen, obliterating the capillary. The chain of
events is more akin to capillary thrombosis than to embolism or, other-
wise, the embolism is secondary, not primary.

Venous Emboli,—We have to distinguish two orders of venous
embolism: that occurring in the portal vessels of the liver, and that
affecting the systemic veins proper. The portal vein in its branching
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and division into smaller and smaller vessels is strictly comparable with
an artery, and the general principles governing arterial embolism govern
italso. There may be extensive embolism in the liver through the liber-
ation of thrombi from the splenic, the mesenteric, and other contributory
veins of the portal system; the forms most frequently encountered
are infective and multiple, secondary to suppurative thrombophlebiti
this in itself most frequently secondary to wcute appendicitis, The
liberation of the broken-down,

infectious material may induce ¥, 7

both venous and capillary

emboli.  Somewhat less fre- ,_\
quently we encounter malig-
,///

%

nant emboli due to extension
of malignant disease from
the stomach, pancreas, and
other abdominal organs into
branches of the portal system,
and detachment either of indi- / L. Renal Vein
vidual cells, or cell masses. e | / .

In the ordinary veins which / ( \
colleet into larger and larger
trunks, it is immediately evi-
dent that masses originating
in and becoming detached
from a smaller trunk cannot,
under normal conditions, form
an embolus, the lumen of the
vessels through which it passes
becoming progressively larger.
The only possible conditions
under which embolism can
occur are when either the
current of the venous blood
becomes reversed, so that
foreign bodies are carried by
the stream into smaller and
smaller veins until they be-
come arrested, or when the _ .

. . . . Schema of retrograde embolism, showing retro-
very weight of the foreign grade pnssage of thrombotic material to form emboli
hody is such that under the in the hepatic and renal veins, respectively.
action  of gravity it falls
against the blood stream into some more dependent vessel. It may be
thought that these are scarcely possible conditions; that if momentarily
the blood current were reversed or became slow enough for gravity to
exert its effects npon contained larger masses, with the arrest of a mass
at a point where two or more smaller veins joined to form a larger one,
within a very short time the pressure of the venous blood behind the
obstruction would liberate it and carry it forward toward the heart. But,




ee—

e

52 EMBOLISM

as a matter of fact, several cases are on record which can only be
explained as examples of the retrograde embolism.  Only those examples
can be taken as indubitable in which all possibility of crossed embolism
is excluded; we can deal, therefore, only with cases in which the em-
bolism is too large to have passed through the pulmonary capillaries,
and in which there has been no patent foramen ovale.  But when, to
quote Lubarsch’s case, there is encountered a primary ossifying chon-
drosarcoma of the right tibia, with a sarcomatous mass forming a riding
embolus of the hepatie vein, and no other secondary growths in the liver;
or, to instance one of von Recklinghausen's cases, where along with a
primary myxochondrosarcoma of the tibia invading the veins of the leg
there was found a similar myxochondrosarcomatous mass in the main
renal vein extending by growth along the branches of the same, confined
to this vessel and its branches with no other malignant involvement of
the organ; then the only conclusion must be that there has been retro-
grade embolism,

And, as a matter of fact, Arnold, Lubarsch, and others have experi-
mentally demonstrated the possibility of such retrograde embolism by
the slow injections of thick emulsions of coarse meal into the neck
veins, ete.  More particularly when death occurred with severe dyspneca,
it was found that the coarse grains had made their way into the coronary
veins of the heart, the renal and hepatic veins, the cerebral sinuses, ete.
There has been considerable debate as to the exact mode by which the
particles make their way against the normal course of the circulation,
but this seems to be evident that both experimentally and in the cases in
man so far recorded, there has been evidence of impeded respiration.
T'his suggests that, as laid down by Heller and von Recklinghausen,
one essential for the retrograde transport is a temporary or continued
removal of the negative intrathoracie pressure—a condition favoring the
existence of positive pressure in the veins, with its accompanying obstrue-
tion to the onward flow of the venons blood, damming of the same in
the large veins, and development of reversed current in the vene cavie
at each contraction of the right heart,  Both Arnold and Lubarsch have
directly observed the regurgitation of foreign bodies from the inferior
vena cava into the exposed renal vein upon the onset of respiratory con-
vulsions in animals of the laboratory.

Following Ribbert's observations, we are, however, inclined to presume
that the force with which foreign particles are driven back into the veins
cannot be very great, and that what is necessary for the preservation of
the foreign body in situ is a relatively rapid adhesion of the embolus by
conglutination or the production of fibrin.

Lymphatic Emboli. It is appropriate to note at this point that
what applies to the systemic veins applies also to the lymphatic vessels,
In them also retrograde embolism is apt to occur, apparently with fair
frequency. More particularly does this explain the development of certain
of the malignant metastases in the lymphatic system.  The main cause
of the retrograde current would seem to be closure of the main lymphatic
channelsof a part, with, as a consequence, reversal of flow in the branches,
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that the lymph may find an outlet by anastomosing vessels into other
lymph channels that are not impeded. Such retrograde embolism is
best fitted to explain the appearance of cancerous growth in the head
of the humerus in cases of mammary cancer with involvement of the
axillary lymph glands.

The Constitution of Emboli. —Any body which, free in the blood,
may be carried forward until it blocks a vessel is capable of acting as an
embolus.  Emboli are thus of very varying nature:

1. By far the commonest causes of embolism are detached masses
of thrombotic material, and this being so, it is evident that when, for
example, we find recent eruor thrombus filling a vessel, it is at times
impossible to determine whether we deal with embolism or local throm-
bosis.  So, too, when the condition is of long standing, it is at times
scarce possible to determine whether the whole occluding mass is throm-
botie, or whether there has been a primary embolus with subsequent
thrombosis developing upon it.  In general, however, a difference in
color can be made out between the primary mass that has acted as an
embolus, and the secondary thrombus that has formed npon it; so also
the embolus can be detached from the vessel wall and the secondary
thrombus, and at times it is possible to straighten out the coiled-up
embolic mass and detect the surface of detachment from the thrombus
of origin; as also that thrombus of origin may be discovered elsewhere
in the vascular system, and its Lroken surface may be seen and com-
|i;lrm|. It must be age recalled that detached \l‘l‘_:i'hlliﬂll\ from the
cardiac valves form an important series of emboli of this order, Of
other bodies found less frequently constituting emboli we may make a
division into the endogenous and the exogenous, or, otherwise, into sub-
stances originating in and from the tissues and those of extrancous

rigin.  Of the former we may have:

2. Calcareous and atheromatous matter from atheromatous ulcers,

3. Tumor masses and cells detached from new-growths which have
penetrated into the vessels; these, forming emboli, may continue to pro-
liferate, thus giving rise to secondary or metastatic new-growths.

1. Detached tissue cells or collections of the same. Of such, more
particularly, there have been encountered placental cell  (Schmorl)
and liver cell emboli (Turner).  The natural growth of the chorionic
villi of the foetus is into the uterine blood sinuses; conditions thus favor
the detachment of certain of the cells or villous processes, which then
may form pulmonary or other emboli.  Ordinarily such cells undergo
disintegration; rarely they proliferate, and so give rise to ‘the chorio-
epithelioma malignum (vol. i, p-665).  The size of the liver, its abundant
and large vessels, and the intimate relationship of the liver cells to the
vessels, favor local dislocation of liver cells into the blood stream following
blows upon the liver region, or disease in which congestion of the organ
and degenerative disturbances of its cells are combined, as in eclampsia.
The liver cells may be found in the heart, pulmonary vessels, and even
in those of the systemic arterial system. They are to be recognized by
their shape, the size of the nueleus, and the diagnosis becomes cone
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vineing in those cases in which the cells contain bile pigment. A third
type of cell is occasionally encountered in the small vessels of the lung,
namely, the giant cells or megacaryocytes of the bone marrow (Aschoff),
often in a state of characteristic degeneration, with fusion of the multiple
nuclei into a single, large, irregular mass. The observations of Aschoff,
Fox, Lubarsch, and Langemann throw light upon this unexpected
process; wherever there is produced, either naturally or experimentally,
a condition of pronounced leukocytosis, with pouring of leukocytes out
of the blood-marrow, there along with the leukocytes a certain number
of these giant cells become liberated into the delicate capillaries with
which they are in intimate association, and, passing thus into the circu-
lation, become arrested in the first series of other capillaries into which
they become carried. Very rarely, and in cases of either traumatic or
operative injury of bone, osteoclasts and fat cells from the marrow have
been noted in the lung capillaries.

5. Leukocytes.—In cases of myeloid leukemia, the capillaries of the
liver, kidneys, and other organs may be found so dvn.«'ly packed with
leukoceytes that the condition must be regarded as embolic.

6. Fat Embolism.—Fat may be present in the circulating blood in
one of two forms, either a fine emulsion, as in lipemia, or coarse
droplets, as after rupture of fat cells and discharge of their contents
either directly into the bloodvessels or into lymph channels or spaces.
"There is doubt whether the first of these conditions induces true capillary
embolism. It is true that in those dead of diabetic coma solid masses of
fatty matter have not been infrequently observed in the lung capillaries,
forming moulds of the same, but (1) these have not been detected in
autopsies performed within two or three hours after death; (2) they
are apt to have a granular, non-homogeneous appearance, as though
formed from the imperfect fusion of minute droplets; and (3) there is
a characteristic absence of surrounding hemorrhage or infiltration.  All
these signs indicate a postmortem accumulation or “creaming” of the
fine fatty particles rather than an antemortem fusion into large drops
capable of acting as emboli.

There is now abundant evidence that these large drops or masses of
fat, liberated from fat-containing cells, cause capillary embolism in the
lungs with fair frequency, and in more extreme cases plug the capillaries
of the heart, the kidney (here more particularly the glomerular loops),
the brain, and other organs, setting up severe and often fatal functional
disturbance. "The main cause would seem to be trauma, accidental or
operative, such as fracture of the long bones with accompanying rupture
of the fatty marrow cells, forcible breaking down of immobilized joints,
section, operative handling, and ligature through a large panniculus
adiposus, operative handling of the fatty omentum and mesenteries or
of other accumulations of fat in the patient, rupture or contusion of the
fatty liver. When there is no actual fracture of the bones, sudden
extensive concussion of the bony skeleton, such as follows falls from
some considerable height, has been observed to lead to fat embolism in
the lungs, It would seem that here the fatty cells and fine capillaric
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the bone marrow become jarred against or violently torn away from the
more rigid bony framework. The fat embolism that has been noted
after epileptic fits, eclamptic convulsions, etc., would seem best explained
as due to a similar liberation from the bone marrow (Lubarsch). With
Ribbert, then, we may regard violent shaking or concussion of bones as
an important factor in producing the condition.

An obstruction of a few capillaries in the lung by fatty globules leads
to no obvious disturbance, or at most to minute areas of congestion
and hemorrhage; minute infarcts may be induced of no serious import,
Occasionally these capillary emboli are present in great abundance,
so abundant as to seriously obstruct the circulation through the lung,
setting up grave and sometimes fatal dyspneea. It is remarkable that
symptoms of disturbance either manifest themselves within a few minutes
to six hours after trauma, or only after four or more days. In the first
case we see the direct effect of, more particularly, pulmonary embolism;
in the second we are inclined to the view that through saponification the
original fatty plugs in the capillaries at the site of injury, and again the
emboli in the lungs, have become diminished and loosened. The con-
tracted pupils, convulsions, and Cheyne-Stokes respiration suggest that
now the fat has passed to the left heart and become lodged in the capil-
laries of the brain. For the fat forming these emboli tends to undergo
absorption, and that in more than one way. Lipolytic enzymes exist
in the blood, and gradually the droplets become saponified and dissolved.
The fatty state of the endothelium of the affected capillaries indicates
that these cells absorb it to some extent, and very possibly pass it on to
underlying tissue cells, for these also may stain deeply with Sudan III.
Add to this that there may be some accumulation of leukocytes around
the fatty masses, suggesting a phagocytic activity on the part of these cells,

Emboli due to extraneous matter:

7. Air Embolism.—Occasionally during the course of operations upon
the neck a suspicious sucking sound is heard, due to the entrance of air
into a severed vein, If the vein be immediately closed before any large
amount of air has been inspired no ill results may ensue, but at times
death occurs with absolute suddenness, at others it is preceded by extreme
dyspneea, churning action of the heart, cyanosis, and convulsions. The
nearer the heart and the larger the vein, the greater the danger of this
event, but cases are on record in which sudden death of this order has
followed operation upon the head, upper extremities, and uterus. The
condition has been recognized for now more than a century, although, with
Welch, we must ascribe many of the earlier cases of supposed uterine
und intestinal origin not to air embolism, but to gas production by the
Bacillus aérogenes capsulatus (Bacillus Welchii) or other gas-producing
organisms,

As regards the cause of the sudden death, there are two main theories:
(1) That it is essentially cardiac, due to the churning action in the right
hieart, so that a relatively small amount of air, as it becomes warmed up,
expands to make a very considerable foam, which, accumulating behind
the tricuspid valves, effectively arrests their activity; (2) that the essential
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cause is multiple air emboli in the pulmonary capillaries. That bubbles
of air do not pass through the lung capillaries, but become blocked
there has been proved by experiments on dogs; in experimental air
embolism the left heart is found practically free from air, and the lungs
show multiple hemorrhages, suggesting most significantly that the ob-
struction of a large number of capills: s hasled to profound congestion
and rupture of some. The more recent experiments of P. Wolf* are
generally accepted as establishing this second theory, although the wide
difference between the amount of air that can experimentally be injected
into the veins of a healthy dog without fatal results (under 200 c.c.),
and the much smaller amounts that have been estimated as causing
sudden death in the human patient,® suggest that the right heart is a
factor; that a vigorously contracting organ may be able to propel the air
out into and through the lungs, distributing it thus to parts where it
may become absorbed,

8. Gas Emboli.—Apparently of like order are the cases recorded by
Janeway and Hun, in which grave cerchral symptoms followed the in-
jection of peroxide of hydrogen into the abdominal and thoracic cavities

A more common cause of gas embolism may lead to fatal results in
divers and those working in compressed air; such gas embolism, in
fact, would appear to be the essential causative agent in the so-called
caisson disease. Workers in compressed air, who have for considerable
periods been subjected to pressure of more than two atmospheres, if
they emerge suddenly into the ordinary air, are liable either to show
symptoms of dyspneea and asphyxia, or to become victims of a series
of intractable nervous disturbances, often fatal after a few days or
weeks.  These are of the nature of various paralyses, hemiplegia,
ete.  Examination of sections of the spinal cords from these cases shows
the presence of multiple areas of necrosis in the posterior and lateral
columns, without hemorrhages, but with ascending and descending de-
generations.  Von Schratter and others have produced and studied these
lesions in dogs and other animals subjected to compressed air, The
partial pressure of the gases in the blood is dependent upon the atmo-
spheric pressure; incr i

and the blood passively absorbs air
from the lungs; the greater the pressure the more the amount absorbed
and held in solution.  The oxygen of that air becomes fixed by the tissues,
which also passively absorb some of the nitrogen.

If the atmospheric
pres

ure be reduced suddenly the blood now—and the tissues—can
no longer hold the free nitrogen in solution.  As a consequence, the gas
separates in the form of bubbles, which grow in size and, carried in the
blood stream, set up gas emboli in the various tissues, the results being
most serious in the terminal arteries of the brain and spinal cord, leading
to anemia and necrosis of the areas of supply.

The other form of gas embolism we have already indicated, that,
namely, due to the products of activity of gas-producing organisms,

! Virchow’s Archiv, 174: 1903, ; 151,
* See Greene, Amer. Jour, Med. Sei., 128; 1904 1028,
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While in the majority of cases the emphysema and gas in the vessels
is a postmortem development, there are cases in which it is recognizable
during life, and gaseous embolism may be claimed as a cause leading
to the fatal event.

0. Pigment emboli (sce p. 19).

10. Bacterial emboli (see p. 49).

11. Animal Parasites.—T'he symptoms of sleeping sickness are
ascribed to the accumulation of trypanosomes in the cerebral capillaries,
with blocking of the same, although it has to be admitted that the gradual
development of these symptoms scarce suggests true embolism.  Never-
theless, in trypanosomiasis the capillaries of more than one organ have
been found completely blocked by dense accumulations of the parasites,
herein corresponding with what has occasionally been observed with
that other widespr
Metazoan parasites may also induce embolism, notably the abundant
larvee of various strongyles. "The classical example is afforded by the
Strongylus armatus of the horse, whose larvie, becoming arrested in
hranches of the abdominal aorta and other vessels, may with their growth
and the irritation thereby induced cause thinning and giving way of the
arterial wall, with the production of verminous aneurisms. Rare cases
are also on record of the rupture of echinococcus cysts into a vein, with,
as a result, embolism of the vessels of the lung by means of the danghter

I protozoan parasite, the organism of mal

cysts or their membranes.

12. Projectiles.—Some three undoubted cases are on record in which
bullets entering the heart or larger vessels have been carried in the blood
stream until they have blocked and become fixed in some smaller artery.

The Results of Embolism. These have already been discussed
in the chapter on the effects of arte closure and infaret funetion,
and incidentally in the pages here preceding.  One aspect of the sub-
jeet was not touched upon, namely, the effects of embolism upon the
vessel wall.  Briefly, when embolism does not cause sudden death,
and is not associated with rapidly fatal disease, the embolus, acting
a foreign body, produces a local irritation of the vessel with signs
of inflammation, of the chronic or of the acute type, according as to
whether the embolus is of the bland or of the infectious type.  There
may thus at the one extreme be developed a chronie thickening of the
wall with accompanying organization of the embolus and permanent
obliteration of the vessel, or in the other an embolic abscess, A less
severe termination, also due to infection, is the production of the embolic
mycotic aneurism; softening of the arterial wall, more particularly in
arteries not well supplied by surrounding tissue, such as the cerebral,
and branches of the mesenteric vessels, may lead to giving way of the
same, with aneurism production. A form of embolic ancurism of
the second degree may be brought about by embolic abscesses of the
vasa vasorum of the aorta and large arteries, with weakening of the wall
of the main artery and formation of a saccular pouch upon it.
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THROMBOSIS.

When performing autopsies, it is a familiar experience to encounter
clotted blood, either in the cavities of the heart or in the vessels, veins,
or arteries, and immediately it becomes essential to determine whether
the clotting has occurred before or after death, whether, that is, we deal
with a condition which must have very materially affected the onward
flow of the blood, and have been a factor in the production of symptoms
of various orders, or whether with one which at most throws light upon
the amount of coagulable material present in the blood. The latter
condition differs in no important feature from the coagulation in blood
escaping from the vessels during life; the former presents many departures,
both in mode of development and arrangement of constituent elements,
To it we give the name of thrombosis. 'T'o be exact, we should never
speak of a “p. m. thrombus;"” that expression involves a contradiction
n terms,

A thrombus, therefore, is a solid body or mass situated in the cavity
of the heart or vessels, formed during life of constituents derived from
the blood. Some authorities would add to this definition, “formed in
situ.”  This we regard as a non-essential. The product of intravital
and intravascular clotting of the blood is no less the result of thrombosis,
and still remains a thrombus, even if detached and carried to a distance.
Here at the most it is necessary to distinguish clearly between a thrombus
and an embolus,  An embolus is any free matter which, conveyed along
the blood stream, becomes arrested at some point where the diminished
diameter of a vessel becomes less than its own diameter, Anything
which is capable of occluding a vessel constitutes an embolus; in simple
English, it 1s a plug. A free, solid mass of clotted blood may thus be
carried along a vessel until it blocks it, and so acts as an embolus. A
thrombus may thus form one order of embolus, and that a very frequent
one, but by no means all emboli are thrombi. What, however, is of
importance is that thrombosis is, as we shall point out later, associated
always with local disturbance of the vascular wall; it is doubtful whether
a thrombus ever originates as a process of free precipitation out of the
circulating blood; it develops in connection with an endothelial surface,
the seat of some abnormal change.

Postmortem Clotting.— Before entering into the description of the
process of thrombosis, it will be well to have a perfectly clear under-
standing of the appearance and characters of the postmortem clot, so
that it may be differentiated and then set on one side. Briefly, such
postmortem clot differs in no essential respect from the clot that forms
in blood removed from the vessels during life.

L. It shows no stratification, i. e., the blood has coagulated en masse.
At most it may show two layers—a paler upper, and a dark red under
layer. This is an indication that the clotting has not occurred immedi-
ately after the circulation has ceased, but some little time later, As can
be seen so well after removal from the body of a slowly coagulating
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blood, like that of a horse, the lighter, white corpuscles rise to the sur-
face and form a “buffy coat,” and upon coagulation there develops a
firmer pale upper layer and a dark red under layer, so here the upper
layer is composed of a fibrin meshwork enclosing leukocytes. According,
therefore, to (1) the rate of coagulation, (2) the number of contained
leukocytes, and it may be, (3) the more or less hydremic condition of the
blood, so may we distinguish three forms of postmortem clot, which pass
one into the other: (1) The soft, homogeneous, red clot; (2) the clot with
the firm, rather dry, adherent upper coat; and (3) the “chicken-fat” clot,
with abundant moist, soft, glistening, and semitranslucent, buffy coat,
This last form is found more particularly in leukemia and other states
in which, along with increase in the circulating leukocytes, there is
reduction in the erythrocytes and some hydremia.

1I. Under the microscope the appearance is the same as that of
extravascular blood clot.  ‘T'here is an abundant network of fibrin enclos-
ing the corpuscles in no special order, save that the white cells become
more and more abundant toward the upper surface, that the fibrin is
more abundant and closer set in the upper buffy coat, being most abun-
dant in the thin, upper layer of the second type. Blood platelets are
characteristically few and far between, save it may be on the very surface.

I1L The clot is loose and easily removed from the cavity in which
it has developed. At most it may encircle the chordwe tendinew and free
columns of the musculi pectinati in the heart; it encircles these loosely,
without being attached.

IV. The clot is of a moister consistency and not nearly so friable as
the thrombus.

While laying down these differences so sharply, and while emphasizing
the fact that these considerations in the majority of cases make it easy
to distinguish between postmortem clot and antemortem thrombus, we
have to admit that we occasionally encounter conditions in which we
are at a loss to decide whether the clot has been formed immediately
before or after death.  We are still, that is, not wholly decided regarding
the existence and frequency of agonal thrombosis, of a thrombosis occur-
ring during the death agony which may, indeed, be the immediate cause
of death,  We know that very often in the last hours of life there is a
pronounced terminal leukocytosis,  If, as we believe, the leukocytes
play a part in liberating the certain bodies essential to fibrin formation,
it is conceivable that a rapid liberation of these bodies might induce a
widespread coagulation of the blood.  "There are still those, for example,
who hold that the extensive blood clots in those dying from acute lobar
pneumonia, which fill the cardiac chambers and extend thence into the
large vessels, are of this agonal nature. The abundant leukocytosis
in this disease is certainly significant; but the absence of any lamination
must, we think, negative the view that these are of antemortem or
moritural development,

Considerations of space prevent us from treating this important
process at length; for full details the student is referred to the “locus
classicus” in our language, Professor Welch’s article in Allbutt’s System
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of Medicine.!  We shall but call attention to the main data necessary
for a sound understanding of the subject,

The thrombus differs from the postmortem clot in the following
particulars: (1) It is firmly adherent on one surface to the heart or
vessel wall, or, if not adherent, a study of the vessels will reveal the site
at which it originated and had previously been attached. (2) It is
of drier, more friable nature. (3) Under the microscope it shows an
arrangement of its constituents which, even when fibrin is present,
differs from that seen in the ordinary blood clot.

T'his last statement may seem somewhat vague; we make this broad
statement because next it must be pointed out that there are thrombi
of various orders and of different constitution,  I'hus we recognize :

1. Hyaline Thrombi.—These in general are small: they are charac-
terized by a homogencous, colorless appearance.  In general they do
not afford the staining reactions for fibrin, although at their edges
there may be some development of fibrin threads. It is impossible at
the present time to make a positive statement regarding the mode of
formation of every thrombus of this order: this, however, may be said,
that opinion is more and more swaying to the belief that they are due
largely to a process of agglutination or conglutination rather than to
coagulation. It would seem that we may distinguish at least two if not
three forms.

(a) The Pure Blood Platelet Thrombus.—As first shown by Eberth
and Schimmelbusch, if a needle or other fine foreign body be introduced
through the walls of a vessel into its lumen, a thrombus becomes formed.
Microscopic examination shows such a thrombus to be finely granular
in appearance: higher powers resolve the granules into massed blood
platelets, which in general take on the eosin stain somewhat deeply.
Here and there a leukoeyte may be included, but the mass is composed
essentially of blood platelets.  Almost imperceptibly the more granular
portions of such a thrombus may pass into a completely fused hyaline
mass.

There can be no doubt that the majority of white parietal thrombi in
the heart and larger vessels originate thus by an aceumulation of blood
platelets.  "Those blood platelets, we may recall, are normally present in
the healthy blood, and Wright has shown that some of them at least,
and these perfeetly typical, are derived from the megacaryocytes of the
bone-marrow.

(by Hyaline Thrombi due to Conglutination of Erythroeytes.—But more
particularly in the smaller veins of various organs, in those of the liver
and Kidney for example, we enconnter frequently translucent hyaline
thrombi, sometimes filling up the whole lumen, more often partly occlud-
ing the vessel, and careful study of a series demonstrates, more particu-
larly along the free side, that these, as Klebs was the first to point out,

' In German the fullest recent article on the subjeet is contained in Lubarseh's
Allgemeine Pathologie, vol. i, Part 1, In both these places the allied subjeet of
embolism is treated with equal thoroughness,
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are composed of the colorless shadows of red blood corpuscles. The
appearance suggests strongly a preliminary hemolysis and diffusion of
the hemoglobin followed by agglutination into a hyaline mass.  Flexner,
Pearce, and others, by employing hemolytic agents, have experimentally
produced thrombi of this type in the smaller vessels. Leo Loeb has
demonstrated the wide extent of this agglutination process throughout
the animal world. It is of interest to note that in man thrombi of
this order are more particularly encountered in (a) infectious disorders,

Hyaline thrombus in dilated venule of a hemorrhoid. This was perfectly homogeneous.
Reichert, obj. 7a, ocular 4, Camera lucida, reduced one-third

suggesting that the bacterial toxins have heen responsible for the hemo-
lysis, and (b) in states characterized by destruction of the erythrocytes,
incarbolic acid poisoning, for example, and cclampsia, and experi-
mentally by the exhibition of ricin, diphtheria toxin, ete.

(ey Hyaline Thrombi Associated with Plasmoschisis.—But oceasionally
in the examination of these small thrombi we meet with appearances
which it is difficult to translate, save on the assumption of an interme-
diate process. One portion may be completely hyaline and colorless:
bordering upon this may be a granular area composed of masses of
hyaline granules of the appearance of blood platelets, among these may
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at times be seen, now the transparent shadows of red corpuscles, now
granulated red corpuscles, and these pass directly into a third layer of
closely packed red corpuscles of which all, save it may be an isolated
corpuscle here and there, are faded and have lost much if not all of their
hemoglobin. The appearances strongly suggest the phenomenon, de-
seribed by Arnold, of plasmoschisis, of the disintegration of the erythro-
eytes into particles of the size and appearance of blood platelets. We
have observed this not a few times and are strongly of the opinion that
Arnold is correct, and that prior to conglutination the corpuscles may
undergo this dissociation into bodies curiously like blood platelets.
Such appearances are capable of interpretation in two ways: either we
must assume that not all blood platelets are derived from the mega-
caryocytes, but some gain origin from dissociation of erythrocytes, or that
not all appearances of blood platelets in thrombi are truly of this nature.

2. Fibrin Thrombi.—Thrombi formed apparently from the onset of
typical fibrin and of this alone are rare and small. They have been
described as occurring in the vessels of the pneumonic lung, and Herzog
has encountered them in the vessels of the renal glomeruli in cases of
bubonic plague.

From these smaller thrombi we pass now to the larger forms present
in the larger vessels and easily recognizable by the naked eye, and here
we find a series of transitional forms leading up to a condition which,
unless we examine carefully, we find difficult to distinguish from the
product of ordinary postmortem intravascular coagulation.

3. The “White Thrombus.”—1In the chambers of the heart or
adherent to the parietes of the larger vessels we may encounter sessile
or subpedunculate thrombi. In the heart the surface of these polyp-
like masses is not smooth, but irregular and ridged, with intervening
de prv\\mn\ in the large vesscls, \\||| 're the masses are more plaque-like,
the surface is apt to be \mnuth sections of these thrombi show a surface
layer composed mainly of white corpuscles lying upon and intermingled
with a fibrinous layer, 'The interior of the mass, when it has not under-
gone the autolysis to be presently noted, exhibits a characteristic structure,
Stained sections show areas which under the low power appear to be
homogeneous, under the high power are seen to be composed of closely
packed blood platelets.  Among these may be relatively rare leukocytes.
These areas are seen to be coral-like bands or strands cut in various
directions; they may be separated from each other by a close network
of fibrin, or by fibrin and leukocytes, or again, by accumulation of red
corpuscles, leukoeytes, and fibrin.  We thus encounter various grades of
the white thrombus, from (a) that composed in the main of blood plntvln'h
with occasional strands of fibrin, through (b) that in which leukocyte: ’s in
clusters alternating with masses of blood platelets are the charac teristic
feature, to (¢) th.n in which the admixture of red and white corpuscles is
very noticeable, where, in fact, we have “the mixed thrombus.” More
particularly, it would seem, where there is any extensive admixture of
leukocytes, the central area of the thrombus is apt to undergo autolysis
or heterolysis (vol. i, p. 371), and so to exhibit solution, the thrombus
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becoming reduced to a thin shell of still solid fibrinous matter with inter-
mingled leukocytes, which is very friable, breaking very easily under
the fingers, and then discharging a dirty creamy fluid, the result of
self-digestion and solution.

4, The Red Thrombus.—From the above we pass on to states of
more rapid and, in general, more extensive thrombosis, characterized
by a more abundant imprisonment of red corpuscles between the strands

Fia, 97

Thrombus origineting in the left auriouiar appendix and increasing in size until it has largely
occluded the mitral orifice, If its pedicle +f attachment in the appendix became broken across
(Pathological Museum, MeGill University.)

the liberated main mass would form a ball thismbus.

or layers of fibrin, so that the mass is of redder color, and with this the
blood platelets become less and lest evident, We :l’llnl‘u:l('ll nearer,
that is, to the picture with which we are familiar in extravascular clotting.
We recognize two forms of the red thrombus:

(a) The Laminated Red T hrombus.—This we find in aneurismal sacs
that have undergone progressive filling up with thrombus, as again in
the larger veins, such as the femoral and its branches, that have under-
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gone eventual occlusion.  What has happened in these ¢ s that over
some one area necrosis has taken place, or removal of the endothelial
lining. Here it would seem that at first the blood platelets have col-
lected and undergone conglutination, next a fibrin layer with imprisoned
leukoeytes has formed over this, and as some of these have broken
down and liberated their fibrin ferment more fibrin has been formed,
enmeshing red corpuscles; more leukoeytes, and it may be, blood platelets,
have become arrested on the surface of the clotted mass, and in this way
layer after layer is laid down, each layer consisting of a denser, more
fibrinous, deeper portion representing the zone of earlier deposit of
leukoeytes, and a looser fibrinous meshwork enclosing abundant ery-
throeytes.  The breadth of these layers is determined largely by the
rate of the blood stream; where this is rapid, as over a parietal thrombus
in the aorta, the layers are very thin and close packed.  We have placed
on record a case of dissecting ancurism of the aorta in which through
rupture of the intima in the lower thoracie region the blood dissected
a channel between the layers of the media until it gained reéntry into
the original channel through the femoral on the one side, the iliacs on
the other,  This channel was lined by a relatively thin layer of dense,
mainly fibrinous, thrombus, which had become covered by a coat of
endothelinm,  Onee, that is, the channel had become patent and com-
municating, with rapid flow through it, the very rapidity of that flow,
we must presume, prevented  the arrest of leukoeytes and platelets on
the exposed surface of the thrombus, and with this arrest of fibrinous
deposit the endothelium had spread over the surface,  "There had been
some dissection also from the original rupture in an upward direction,
but here no second commumication had been established; no current
had become developed.  As a result, this upper cul-de-sac was com-
pletely filled with a red thrombus of the type now to be mentioned.

(b) The Acute Red Thrombus.—Where there is complete arrest of
blood eurrent, as in the above-mentioned case, or as oceurs when a vessel
is ligatured with injury to the endothelial lining, then the column of
stagnant blood undergoes clotting throughout its whole mass, and if it
be examined soon after the occurrence, before secondary changes have
taken place, no distinetion is to be made between the mass and a post-
mortem or extravaseular clot, save perhaps this, that at the region of
origin and attachment of the thrombus, a collection of blood platelets,
or more hyaline deposit with some accumulation of leukocytes, is to be
made out. The origin, that is, is of the same order as in other forms of
thrombosis, but in the absence of blood current there has been no arrest
to the process of fibrin formation, which thus has extended through the
whole mass of stagnant blood.  "The thrombus in an artery extends
upward to the next bry s again its growth is arrested
by the actively moving hlood stream; in a vein it extends downward
along the branches until a region or regions of anastomosis and collateral
circulation is reached (see Fig. 11, p. 70).

' Adami, Montreal Med. Jour., 24: 1805-06: 945 and 25: 1806-97: 23,
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We have here deseribed the different forms of thrombus in the reverse
order of that usually employed, and have done this in order to lay
emphasis upon the divergencies between the main forms of thrombosis
and extravascular coagulation. It is obvious that although the end
result is the same, namely, the production of solid matter in the place of
fluid blood, that result is attained in more than one way. As to the
relative frequency and importance of these different modes of formation,
namely, by the conglutination of blood platelets, by the conglutination

Saceulated aneurism of the ascending sorta, largely filled by firm laminated red thrombus.
(MeGill Medical Museum.)

of red corpuscles, and by the development of a fibrinous network en-
meshing the corpuscular elements we are still undecided; at most it can
be stated that the conglutinative forms are being more and more recog-
nized as the more usual.  For ourselves, judging from the specifie
staining reactions, we believe that fibrin and the hvaline matter of white
thrombi are chemically closely allied and of the same order, and so are
developed as the result of similar reactions.  "The constant attachment
of the beginning thrombus to an area of the vascular wall, which in most

VOL. 113
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cases can be seen to have undergone injury or degeneration, indicates
that either the damaged endothelium or the underlying cells supply
something—probably of the nature of fibrin ferment—which initiates
the conversion of the substance of the blood platelets or erythrocytes
into fibrin-like material, and that once started, the process would seem
apt to continue into the plasma outside and beyond as true fibrin forma-
tion. What part the blood platelets play in the ordinary process of
coagulation is as yet undetermined; at most it is significant that in con-
ditions in which their number is diminished, as in purpura, the coagu-
lative power of the blood is likewise seen to be diminished.  But unless
we accept the ohservations of Wlassow ! that in ordinary fibrin forma-
tion in shed blood the conglutination of blood platelets is the first stage,
it is difficult to bring into line with the prevalent theories of coagulation
these observations upon thrombus formation, observations, be it noted,
not of one isolated observer, but of a long series of trained pathologists,
from Eberth and Schimmelbusch in 1888 onward.

It deserves note that Wooldridge derived his A fibrinogen from the
blood platelets, and he held that fibrin is formed (without intervention of
fibrin ferment) by a junction between this and other fibrinogens present
in the plasma.  His views have never gained general acceptance, and
practically all modern physiologists recognize the part played by a fibrin
ferment, even if most regard this as not liberated direct into the plasma,
but require a prothrombin, present in, and capable of liberation from,
leukocytes and most body cells, which, under the action of a zymoplastic
substance, liberated from red corpuscles and other cells proper, gives
origin to thrombin, or fibrin ferment proper. This thrombin in its turn
is regarded as acting upon the paraglobulin of the plasma, converting
it into fibrinogen, or metaglobulin, and eventually into soluble fibrin,
and this in the presence of caleium salts becomes converted into the
more solid fibrin, So many and so diverse are the theories of coagulation,
that we do not in the least believe that the process here indicated is what
actually occurs.  No one appears to be satisfied that we have as yet
gained a sure knowledge of the process.  We have a certain satisfaction
in leaving to the physiologists the teaching of a subject which they have
for long years made peculiarly their own? At most, we would urge
that evidently something is involved which is common to the blood
platelets, to the erythroeytes, to the white corpuscles (for it is where
these are accumulated in greatest numbers that the fibrin is laid down
most densely), and it may be also to the plasma (for in rapidly de-
veloping thrombi the fibrin threads extend into the plasma between
the cells), and this something would seem to be of the nature of a
globulin or globulins, for such are common to both cells and plasma,
and there would appear to be an agreement among the physiological
chemists that fibrinogen, the precursor of fibrin, is a metaglobulin.

! Ziegler’s Beitriige, 15: 1804: 543,
* A very full review of the data and theories of coagulation is given by Buck-
master in Science Progress, 2: 1907: 51
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The fact that the normal circulating blood does not coagulate, and
that the ordinary thrombus is seen to develop in connection with the
vessel wall at a region of disease or injury or loss of the endothelium,
would suggest that something not ordinarily present in the circulating
blood is given off at such an area, and initiates the conversion of the
dissolved protein into its more solid modification, fibrin. The whole
process points to the liberation of an enzyme.  We do not pretend to say
that the blood platelets are absolutely essential for the process; but the
way in which, once the process has started in stagnating blood, the strands
of fibrin spread rapidly through a relatively large mass, and the abun-
dance of dense fibrin in immediate relationship to clusters of white cor-
puscles on the surface of ordinary white thrombi and elsewhere, prepare
us to see that other cells besides those of the vessel walls may liberate
the enzyme or initiator of the conversion of soluble protein into fibrin.
Nay, more, although this is contrary to the generally received doctrine,
just as, 1-,\pvriIm-nlul[\', by the injection of certain tissue extracts, it is
possible to induce an almost universal thrombosis throughout the vascular
system, so is it possible to imagine the existence of conditions, such as
extensive disintegration of the circulating leukocytes, which would lead
to a process of thrombosis independent of any disturbance of the vessel
wall, conditions in which the multiple thrombi or masses of clotted
blood would have no primary attachment.  Admitting this, it has also
to be admitted that the more we study actual cases of thrombosis the
more we become impressed by the co-existence of lesions of the vascular
\\:l“.

The Factors Favoring Thrombosis.—The analyses made thus far
of the incidence of thrombosis in man in various conditions of disease,
and the experiments made upon the lower animals, indicate that very
diverse orders of disturbance favor the development of thrombi—so
diverse, in fact, that it is a matter of extraordinary difficulty to arrive
at any sure conclusion, and as a result we find that different observers
arrive at very different conclusions regarding their relative importance.
We will here record these factors, giving the more important data and
the conclusions that have been drawn, and then proceed to weigh the
evidence in the light of what has already been laid down concerning
the actual process,

1. Slowing and Stagnation of the Blood.—'I'hrombosis is more common
in the venous system than in the arterial—according to Lubarsch, in
the proportion of more than 4: 1-—as also it is peculiarly apt to occur
in regions of dilatation of the channel where the current necessarily
becomes slow, e. g., in the auricular appendages, in the sinuses or depres-
sions between the muscular bands of the heart chambers, in varicose
veins, and in ancurisms.  Where the blood stream is rapid, despite the
existence of other favoring factors, thrombosis does not necessarily
show itself, e. ., there may be an extensive atheromatous ulceration of
the aortic wall, with loss of endothelium, and no sign of thrombosis,
This led Virchow to regard slowing of the blood stream as the prime
factor,
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2. Eddying of the Blood. —A factor upon which von Recklinghausen
would lay great stress is the formation of eddies rather than the existence
of simple stagnation in regions in which the vascular channel undergoes
expansion.  There is not, he urged, absolute stagnation in the pockets
of the valves of the veins; nevertheless, these are |n'('ll|iar|y favorable
seats for the origin of venous thrombi.  If we conceive an eddy as a whirl,
our first idea is that in it the blood flow is faster, and that, therefore,
the conditions are unfavorable rather than favorable for the deposit of
blood platelets and other cells,  This, however, is not a complete con-
ception; while at the edge of an eddy there is relatively rapid flow, at its
centre there may be relative stagnation.  What is more, the very whirling
nature of the flow does away with any peripheral cell-free layer of the
plasma, so that once cells become arrested in the quiescent area, the
conditions distinetly favor the adhesion and accumulation of other
p|;|l('ll-ts or cells,

3. Hemolysis and Destruction of Corpuscles. It is those agents, exogen-
ous and endogenous, that lead to corpuscular disintegration, which
characteristically, when exhibited, bring about extensive thrombosis
There is a long list of exogenous poisons having such properties—salts
of mercury, lead, arsenic, ete., potassium chlorate, sulphates and sul-
phites, nitrobenzole, toluylenediamin, and other toluylene compounds,
various aniline derivatives, phenylhydrazin, ete., carbolic and salieylic
acids, various compounds of vegetable origin, ricin, extracts of amanita
and other poisonous mushrooms; others of animal origin, e. g., snake
venom and sundry enzymes, pepsin, ete.  Of the endogenous poisons,
the diffusible products from extensive burns, the (unknown) toxic
in eclampsia and possibly toxic substanc

nts
present in the blood in severe
secondary anemias (e. g., that accompanying cancer) may be mentioned.
In all these conditions there is a marked tendency to thrombosis, either
multiple and small in the capillaries, or sometimes of larger size in the
larger veins,  Stress is laid upon these data more particularly by those
upholding conglutination as a main factor,

4. Bacteria and Their Products. —But it has to be admitted that intoxi-
cations pure and simple, whether endogenous or exogenous, are e
tively infrequent compared with infections and bacterial intoxication.
Most people die from terminal infections, and attention is being increas-
ingly drawn to the fact that even in what are recognized as bland thrombi
bacteria are to be detected, or cultures gained, while conversely, as
shown by Welch and Lubarsch, if known cases of infection be carefully
studied suppurative cases, lobar pneumonia, typhoid, appendicitis,
diphtheria, acute rheumatism, measles, influenza, ete.—capillary
thrombi in the brain, lungs, kidneys, and intestinal walls are found to
be remarkably frequent.

There are different views as to how the bacteria act. "Thus, certain
observers have dwelt upon the hemolytic action, and have pointed out
that the pyococcus aureus is most actively hemolytic, and is found
associated with thrombi very frequently.  But thrombi are frequent in
acute tuberculosis and in typhoid, and the microbes of neither of these
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diseases have pronounced hemolytic powers. It is true that, as Professor
Welch points out, in many of these cases examination reveals not the
microbes of the main disease, but those of some secondary infection,
\|n~|»tm-u~¢-i, bacillus coli, etc. There is diversity of opinion, again,
regarding the actual presence of the bacteria in the blood stream; some
observers point out that the filtered culture fluids of forms like Bacillus
typhosus, Bacillus coli, and Bacillus diphtherie, when injected into the
veins, have little effect in inducing thrombosis (Jakowski); others, like
Talke, demonstrate that parenchymatous inoculation of pyococei leads
in the majority of cases to thrombosis of the vessels in the immediate
neighborhood, and this without of necessity any bacteria being present
in the thrombi. In our laboratory Leo Loeb demonstrated that the
addition of cultures of certain organisms accelerated the rate of coagula-
tion of extravascular blood, while cultures of other species had no effect,
But accepting his data, his results bear little apparent relationship to the
data of disease; thus, for example, the feebly pathogenic Micrococcus
prodigiosus was found to have a greater accelerating power than the
typhoid bacillus, and the streptococcus was without effect.  Nor, so far
as we can see, did his results tally with the hemolytic pewers of the
\lywim tested,

Disease and Injury of the Vascular Wall.—We have already laid
stress upon this as, in our opinion, a most important factor, but must
again impress upon the reader that it is not everything. It is quite
true that when we mechanically injure or destroy the endothelium of
the living vessel, there we surely gain thrombus formation over the
region of injury. But the extent depends very largely upon the rate
of blood flow over the injured area; the more rapicd the rate, the less
the resulting thrombosis. Nevertheless, we can recall no observations in
which destruction or grave injury to the previously intact endothelium
has not been followed by some grade of thrombosis. Here a fine, but
what must be considered an important, distinction must be made, We
do not—because we cannot—hold that the thrombosis follows the ex-
posure of what is dead or foreign material to the circulating blood.  We
know, for example, that the exhibition of foreign matter in the blood
is not necessarily followed by coagulation. It is possible to place balls
of perfectly smooth glass in the larger vessels or heart cavity without any
clot forming around them. Guthrie, of St. Louis, has afforded the most
remarkable instance to the point.  "T'aking a length of the vena cava of
the rabbit, he has hardened this in formalin solution for several days
washed out the formalin and dehydrated with strong alcohol, and
then impregnated the piece with liquid paraffin, following upon which
he has implanted the segment in the course of the rabbit’s carotid artery.
And notwithstanding the piece of dead vein has apparently functionated
perfectly for twenty-two days with no sign of thrombosis, It is true
that foreign bodies with rough surface introduced into the blood stream
become covered with a layer of fibrin; blood platelets and leukocytes
adhere to the surface irregularities, and their disintegration leads, we
suggest, to the liberation of the substance which initiates coagulation and
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fibrin formation. If the circumstances are such that this substance is
not given off, or, heing given off, is carried too rapidly by the blood stream,
then thrombosis cannot ensue. It is in this way that we would account
for the absence of thrombosis over exposed (dead) caleareous plaques
and ulcers of the aortic wall.  But admitting this, we have to acknowledge
that there is a group of cases, more especially of capillary thrombosis,
in which microscopic examinations reveal no
Fia. 11 recognizable departure of the endothelium
from the normal, or, at most, a grade of fatty
degeneration which is common in infections
processes, and most often found unaccom-
panied by thrombosis. Here we again revert
to the same order of phenomena noted in
connection with the coagulation occurring
around foreign bodies; it is in the slighter
cases of this order that we occasionally en-
counter vessels in which either desquamated
endothelial cells, or leukocytes, or what are
apparently clumps of blood platelets lying
isolated in the blood, away from the vessel
wall, are surrounded by a coarse radiation of
fibrin filaments. Evidently all these orders of
cell substance can give off the body—ferment
or pro-ferment—which, interacting on sub-
stances in the plasma, gives origin to fibrin.

Localization of Thrombi. - They may
occur in any portion of the blood system.
Here we distinguish:

1. Cardiac Thrombi.—(a) Of these, the com-
monest form—although we are apt not to
regard them as such—are the wvegetations
upon the valves in acute endocarditis, (h)
The more typical thrombi, globular, sessile,
or pedunculate, are found more particularly
in the auricular appendices and at the apices
of the ventricles—found in obstructive En-nr(
disease leading to cardiac insufliciency with
retardation of the blood flow, and chronic
diseases of the lungs, arteries, and kidneys,
wgain in cachectic states,  We deal in these
cases with retardation rather than with actual
stasis of the blood, and this retardation is
most manifest in the “pockets” of the heart. Along with this, micro-
scopic examination reveals degeneration of the endocardium. (¢)
Another group of more flattened mural thrombi may be found in various
yositions either in the auricles or ventricles, These are situated over
ocalized areas of necrosis or ulceration of the endocardium, due either
to infection, infarction of the wall, or partial aneurism, (d) A form
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apart is the ball-thrombus, found loose in the left auricle; some score of
cases of this condition have been described, The condition is that of a
relatively firm, globular mass, varying in size from that of a walnut to
that of a hen’s egg, lying loose in the cavity, and eventually causing
sudden death by acting as a ball valve over the stenosed mitral orifice.
Some examples have shown a rough area, indicating the recent detach-
ment of a globular thrombus from the auricular endocardium, upon
which a thrombotic area of origin has been detected; others have been
smooth or homogeneous over the whole surface, indicating that the
thrombus has been free for some considerable time before the fatal
event, and that by the deposit of successive lamine of fibrin it has
increased in size while rotating in the auricle, Von Recklinghausen has
doubted whether these necessarily cause sudden death, and much is to
be said in favor of his arguments; we may conclude that they do not
necessarily bring about sudden death, but that at the same time they
must be regarded as producing it in the majority of cases. In only one
other region do we know of the existence of similar ball-thrombi, and
this is an individual observation of our own. In a case of sudden death
we encountered a firm, oval, free mass occupying the cavity of the left
coronary cusp of the aortic valve, and occluding the left coronary
orifice,  We have recentlr encountered an almost identical case of
sudden death, but in this the globular mass was still attached by a
delicate pedicle to the eroded aortic wall immediately above the left
coronary orifice,

2. Arterial Thrombi.—Such may be found, either parietal or occluding,
in the aorta or any of its branches, and then in general as the result of
either mechanical injury (i. e., ligature) or of arteriosclerotic changes,
or lastly, as secondary to embolism. Most frequently, however, they
are encountered in the arteries of the extremities, and more especially
of the lower extremities, An important group occurs in connection with
atheromatous degeneration of the cerebral arteries; another group, often
but not always of embolic origin, in the pulmonary arteries.

3. Venous Thrombi.— These are in many respects of the greatest
medical interest and the most widespread. Indeed, many factors com-
bine to make the veins the seat of election for thrombosis—the poorer
quality of the blood, its slower flow, the absence of pulsation, the
presence of pockets behind the valves, the thinness of the walls, and low
blood pressure, leading easily to local arrest of the blood flow in con-
sequence of pressure from without. As Welch points out, thrombosis
most often begins in vessels where these conditions are together most
operative, namely, in the middle-sized veins rather than in the smaller,
or those unprovided with valves. Thus, characteristically, thrombosis
shows itself first in the femorals, and not in the smaller veins of the
lower extremity, or in the vena cava, in the cerebral sinuses more often
than in the cerebral veins, Once they originate, they are apt to extend
progressively in both directions, although the smallest veins of a part
usually do not become involved. It is the left common iliac vein that
has the larger and more obstructed course, the left innominate vein that
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is the larger and the more oblique channel for return flow; therefore, we
find thrombi more common in the veins of the left leg and arm.

4. Capillary Thrombi.—We have already referred to the frequency of
small hyaline thrombi in the smaller vessels, evidently of local origin;
it is interesting in this relationship to call attention to what has been
stated above, namely, that the ordinary retrograde thrombus does not
in general extend back into the small veins and capillaries. Thrombosis
of the ordinary type can, however, show itself in capillaries, and that
in inflammations, and more particularly in infectious conditions, as in
the zone surrounding a focal infectious condition, an abscess, or even
a granuloma.

Effects of Thrombosis.- I'o discuss the effects of thrombosis of the
arteries, veins, and capillaries is to pass in review the results of closure
of all the vessels of the body, as that affects the different individual
parts and organs. That is impossible; at most here it may be stated
in the broadest way that there are certain main factors that determine
those effects, namely, first and foremost, the extent to which the
obliteration of a given vessel affects the nutrition of a part; and
secondly, and of yet greater importance for the organism, the amount of
tissue thrown out of gear relative to the importance of that tissue. Thus,
for example, a very small vessel supplying just one small collection of
nerve cells in the brain, if thrombosed, by leading to the destruction of
an important centre, may have very profound if not rapidly fatal effects,
whereas thrombosis of one renal vein, although leading to almost com-
plete destruction of the whole kidney, through the compensating activity
of the other kidney may be followed by very little general disturbance.
Remembering that here we deal with phenomena that are the common
end-results not only of thrombosis, but also of embolism, and in addition,
of obliteration of vessels by very many means, it has seemed wise to
discuss the broad general results of closure of vessels in an earlier
chapter.

e Changes that Occur in the Thrombus. Whatever the
cause—whether the greater relutive amount of fibrin entering into its
composition, or its very architecture, whereby the contraction of the
fibrin is more effective in driving out the serum—the thrombus is, even
when recent, of a drier nature than the ordinary blood clot, If of long
continuance, various changes may occur, some leading to greater firm-
ness, others to softening, which, however, is quite distinetive, These
changes are of the following orders:

1. Absorption.—\When a thrombus is of moderate size, we have
evidence that it may wholly disappear, the vascular channel becoming
restored. "The main agent at work in such cases is apparently leukoeytic
activity, with solution and absorption of the fibrin,

2. Central Autolysis.—'I'his would seem to be closely allied to the pre-
vious change. It is most commonly encountered in old globular and
mural cardiac thrombi.  The thrombus apparently solid, with character-
istic netted surface, is found to be a mere brittle shell filled with a
discolored, puriform fluid.  But this fluid is in no sense pus. It contains
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granular debris, fatty globules, red corpuscles, and occasional fat-con-
taining leukocytes, and is the result of self-digestion of the thrombus,
or, perhaps more accurately, of heterolysis, by the agency of leukocytes,
both those originally present and those wandering in from the surface.

3. Organization.— I'his is yet another natural process, The presence
of foreign matter in the lumen of the vessel acts as a chemiotactic irritant,
so that, in the first place, leukocytes are attracted into the substance of
the thrombus from the vessel wall, not so much where the lining endo-
thelium is intact, as where it is damaged and wanting, at the site of
adhesion; and here also, following the leukocytic invasion, there would
seem to be a similar chemiotactic entrance of capillary processes and
loops. In this way, the leukocytes first digesting the fibrin, there is
an entrance of granulation tissue into the thrombus, and this may
advance and progress until the whole thrombus undergoes in part
a slow heterolysis and absorption, in part replacement by well-formed
and vascularized connective tissue. Through the absorption, or, again,
through the contraction of the “cicatricial” tissue, what had been a
large, obliterating thrombus comes to be represented by a small con-
tracted mass of fibrous tissue,

4. Canalization.—Nor does this necessarily completely occlude the
vessel.  On the contrary, an old thrombus may come to be represented
by one or more bands or bridles crossing the almost completely restored
lumen of a vessel. Or the vessel may be narrowed and contracted at
the site of the old thrombus, presenting one or more narrow channels
through which communication is regained between the proximal and
distal portions of the hitherto obstructed vessel. This process of “canal-
ization” presents not a few points of interest. The channels, large or
small, are lined with endothelium which is in direct continuity with
that lining the normal vessel above and below. How have they come
to be formed? It is easy to understand that a parietal non-obliterating
thrombus should become covered in process of time by an extension
of the endothelium lining the vessel immediately beyond the site of
adhesion.  This would explain the formation of a lateral channel;
it does not explain the presence of central channels. For these the
only adequate explanation would seem to be the establishment of free
communications between certain of the capillaries of the replacement
granulation tissue and the lumen of the obliterated vessel above and
below.  Once such communication is established, and the blood finds
its way from the lumen above to the lumen below, then along the lines
of Thoma's principles, the difference in blood pressure hetween the
two parts and the rate of flow through the new channel would lead to
its progressive dilatation, until from a mere capillary a wide channel
becomes developed.

7. Putrefactive Softening.We have already noted that even in what
are of the nature of bland thrombi, bacteria have been detected; it is
not, therefore, all bacteria that lead to disintegration of thrombi. More
particularly when we isolate the pyogenic bacteria, more particularly
again in the condition of thrombophlebitis, do we meet with a true
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suppurative softening of a thrombus and replacement by true pus.  Itis
not merely that these bacteria multiplying in the thrombus cause soften-
ing of the same through the action of their proteolytic enzymes, but in
addition, through the diseased walls of the vein, leukocytes are attracted

Fia, 12

Schema of mode of canalization of & thrombus: 1, thrombus occluding a vessel; 2, diseased

intima of vessel to which the thrombus is adherent; 3, endothelium of vessel above the thrombus,
growing over the thrombus and at 4 passing downward into depression on its surface, one of
its cells at 5 sending downward & process to join with similar endothelisl process from one of the
capillaries entering the thrombus at 6 in the process of organization of the sume. The process
at & will ultimately form a capillary channel of communication, which will undergo progressive
enlargement

in great numbers. Streptococei and Bacillus coli are most frequently
found in these conditions, although the latter, with others of the group
of intestinal bacteria, may also be found in conditions in which there
is not so much an attraction of leukocytes as pure putrefactive disinte-
gration,
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(. Loosening of Thrombi and its Effects.—Such softening of thrombi,
more purlirulurh in the heart (endocardial vegetations) and in the
veins, leads to liberation of the whole or portions of the same, and so
to the formation of emboli.  But embolism may be due also to portions
of bland thrombi—cardiac vegetations, and polypoid thrombi of the heart,
and mural thrombi of the aorta; these may become dislodged mechanic-
ally by the force of the blood stream or unusual movements either in
the blood or the containing vessel. Similarly, the cases are fairly fre-
quent in which, through some forced or unusual movement, relatively
long thrombi in the systemic veins become broken across. The super-
vention of pulmonary embolism and sudden death is the gravest danger
in these cases.  The effects of embolism have been considered in another
chapter.

7. Calcification.—In certain regions of the body, notably in the pros-
tatic and uterine plexuses, and to a less extent in the spleen, thrombi
of moderate dimensions become the seat of calcareous deposits, and
so form phleboliths, This change has already been discussed (vol. i.
p. 936).
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CHAPTER IIL

THE BLOOD—HEMORRHAGE,

StricTLy speaking, hemorrhage' is a “blood burst,” or is the process
of escape of the blood out of the vessels in which normally it is confined;
in practice the term covers not only the act of escape, but also the state
of blood out of place, and thus in discussing hemorrhage we take into
account not !Ill'l'l'l_\' the means of escape and the results to the urg;lniﬂn
at large of such escape, but also the changes that occur in the extrava-
sated Huid and the particular region involved.

Causes.—We recognize two orders of escape: (1) That brought
about by gross breach of continuity of the vessel walls—hemorrhage
per rhexin—and (2) that occurring in capillary vessels without gross
breach of continuity, through interstices of the wall-~hemorrhage per
diapedesin,  'The causes of the first of these, of rupture, (a) may act
from without, throngh injury, through inflammation, through atrophy
secondary to pressure from tumors in apposition, ete., and through
removal of the normal pressure upon and the support exerted by sur-
rounding tissues; (b) may be due to disease and weakening of the vessel
wall; and (¢) may act from within through increased blood pressure.
T'wo of these may be in action at the same time, as when in an artery
sudden rupture occurs when the wall has become weakened through

disease, the immediate canse being a sudden increase in blood pres-
sure, through exertion or other cause; or again, the first and third
may be involved, as in the multiple hemorrhages of high elevations,
when there may co-exist heightened pressure within the vessels of certain
areas, together with great lowering of the external pressure upon the
vessels.  Mere increase of blood pressure will not cause rupture of the
healthy arteries, or larger veins, nor again of the heart, but only of the
capillaries and smaller veins; sudden increase in pressure has been known
to lead to rupture of the heart when the muscle is diseased. "I'hus,
our museum at McGill contains a specimen contributed by Dr, Osler
of a heart exhibiting advanced fatty degeneration, in which rupture
occurred when the late owner was walking up a hilly Montreal street.

Hemorrhage per diapedesin occurs in the capillaries and venules as
a result of dilatation of the same in conditions of hyperemia, either active
or passive. ‘The nature of this has been studied more particularly by
Arnold, who first taught the existence of special spac stigmata and
stomata —occurring here and there between the pavement endothelial
cells.  From this view he has withdrawn, and following his studies it is
generally held that the passage occurs, between the endothelial cells, it

' From aiga, blood, and the stem, ja), from /) v, to burst or break.
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is true, but as a result of stretching and enlargement of the spaces
between the normally existing bridges joining the endothelial cells (see
vol. i, p. 36), or, more probably, with distension of the vessels some of
these bridges break down, and larger openings are thus provided, through
which, under the blood pressure, the fluid and corpuscles of the blood
are forced through between the cells, When the endothelium is already
in a state of lowered nutrition, as happens in passive hyperemia, the
hemorrhage is still more apt to occur.  So, also, a favoring factor is
lack of adequate support to the capillaries. ‘T'hus, hemorrhages of this
nature are peculiarly apt to occur under conditions of great vascular
dilatation in regions where capillary networks exist immediately beneath
a delicate pavement endothelium, e. g., into the alveoli of the lungs, in
conditions of pronounced passive congestion, or pneumonic conditions;
from the mucous membrane of the nostrils; from the pleural, pericardial,
and peritoneal surfaces,

Capillary Hemorrhage.—Studying the different forms of capillary
hemorrhage, it has to be admitted that time and again it is difficult if not
impossible to differentiate clearly between cases due to rhexis and those
due to diapedesis; there appears, indeed, to be evidence that in the same
area and under the same circumstances both may oceur. It is more
satisfactory, therefore, remembering that hoth processes may occur, to
consider these capillary hemorrhages in the light of their causation.
Doing this we can distinguish several groups, according as we d
with increased internal pressure and no previous disease of the capillary
endothelium; a combination of increased internal pressure with morbid
state of the endothelium; and disease of the endothelium without in-
creased internal pressure.  Examples strictly of the first order are rare,
Perhaps the commonest example is met with in the hemorrhages of the
scalp and membranes of the brain which accompany prolonged lahor,
and due to the intense congestion involving the head when this is free
and the rest of the infant still tightly compressed.  Occasionally the
“mall vessels rupture as the resultof some vigorous effort, with consequent
great rise of blood pressure, but this more often in the elderly than in
the young, so that in general the existence of some previous weakness
or disease of the walls may be suspected.  Very closely allied are the
petechial hemorrhages of serous surfuces seen when death has been
due to asphyxia; these must almost certainly be attributed in the main
to intense capillary congestion, although the accompanying extreme
venous state of the blood and its effects upon the capillary endothelium
cannot be wholly left out of account. Of the second order are the
capillary hemorrhages of chronie passive congestion, in which we have
well-marked indications of malnutrition of the capillary walls. Here
are to be included the hemorrhages of the lungs, kidney, and other organs
in obstructive heart disease, hemorrhagic infarcts, and the multiple
minute_hemorrhages which result from multiple capillary emboli (p.
19). Hemorrhages of a similar character found in many of the acute
infections are found to be associated with the presence of hyaline thrombi
i the capillaries, which obviously have the same obstructive effect,




78 HEMORRHAGE

arresting the blood stream, leading to local stasis at either side of the
block, and producing, in fact, minute hemorrhagic infarcts. In many
of the cases of idiopathic purpura similar thrombi—or emboli—have
been detected, and this in the absence of any bacteria; in cases of burns
and frostbite (here in the kidneys and stomach; such are a possible
explanation of the ulcers of the duodenum sometimes encountered in
the former of these conditions); in certain cases of embolism, by body
cells, placental cells, liver cells, ete.; in lenkemia by leukocytes. In
many infections, however, we have to deal with events of the third order,
namely, with direct toxic injury to the capillary endothelinm and with
nothing else.  "T'o such must be ascribed the multiple capillary hemor-
rhages of the acutest types of the acute exanthemata—of hemorrhagic
smallpox, scarlet fever, ete. The course of events in these cases may be
of one of two orders —either toxie, due to the specific action of toxie sub-
stances upon the capillary endothelium, with giving way of the same,
or infectious, due to actual growth of the bacteria or infectious agents
within the endothelial cells and lumen of the capillaries, destruction of
the cells, and escape of the blood.  We meet with both events—the latter
more particularly in cases of bacteriemia, in streptococeal and other
terminal infections.  As regards the former, it is, indeed, doubtful whether
many of the hemorrhages of infections cases accompanied by hyaline
capillary thrombi are not of this nature —whether, that is, the localized
coagulation of the blood is not secondary to epithelial degeneration,
Similar toxic capillary hemorrhages may accompany certain exogenons
intoxications (phosphorus, mercury, etc.), and these also must he attri-
buted to direct action of the agents upon the endothelium, and lastly,
the purpura and hemorrhages of those remarkable conditions, senurvy
and Barlow’s disease (or infantile scurvy), would secm to be due to
endogenous intoxications —either to the presence in the blood of toxie
albuminous bodies, the product of malnutrition, or, on the other hand,
to the absence from the blood of certain elements necessary for the due
nutrition of the capillary endothelium,  Both conditions, it may be
noted, are seen to be due to qualitative deficiencies of the food, and that
deficiency is of the same order in the two cases, seurvy being due to a con-
tinued diet of what may be termed preserved or dead foods, Barlow’s
disease to a long-continued feeding of infants upon sterilized milk and
prepared milk products.  Both are recovered from by giving fresh
food-—in the adult, more particularly fresh vegetables; in the infant,
unsterilized milk, and both may be warded off by the administration of
small amounts of vegetable acids, lemon juice, ete,

It is the custom to refer to hemorrhages in different regions by different
names, Thus, punctate capillary hemorrhages are known as petechie;
more diffuse subentaneons or interstitinl hemorrhages as suggillations
or ecchymoses; cerehral hemorrhage as apoplexy;' escape of hlood from

! This term more accurately denotes the clinieal symptoms that follow such hemor-
rhage, the stroke or loss of conseiousness and power (amoszio0u, active, to strike to
earth; passive, to be struck or to lose one's senses). It is thus utterly incorreet to
refer to pulmonary hemorrhage as pulmonary apoplexy
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the stomach as hematemesis, from the lungs as hemoptysis, from the nose
as epistaxis, from the urinary channels as hematuria, from the uterus
a5 menorrhagia and metrorrhagia, from the sweat glands as hemati-
drosis. Accumulation of blood in the various spaces of the body is
known as hematopericardium, hematothorax, hematocele. This last term
is by prescription more accurately confined to accumulation in the tunica
vaginalis testis, but is also employed for limited accumulations of
extravasated blood elsewhere.  When the blood forms a cyst-like accu-
mulation in the subeutaneous tissues, the term hematoma is not infre-
quently employed. Purpura is the name given to relatively small multiple
cutaneous hemorrhages not due to injury, but to various “diseased states;
melena,' to blood which, escaping into the stomach or intestines, is so
changed by the action of the digestive juices as to be discharged in a
hlack condition.  The localized infiltration of tissue with blood forming
a hemorrhagic infarct we have already noted,

Local Effects. —As the result of rupture close to one of the surfaces
of the body, or of trauma, whereby deeper lying vessels are exposed to
the surface, the main effect is escape of blood and ('Ulllpl('h' loss of the
same to the economy.  According to (1) the nature of the ruptured vessel,
2) the extent of the rupture, and (3) the duration of l'll'l'\l':l])(‘ of blood,
so does this escape tell (a) upon the nutrition of the region supplied by
or supplying blood to the ruptured vessel, and (b) upon the system at
large.  Very similar results follow rupture of vessels into one of the body
cavities, though here, in addition, the changes taking place in the
extravasated blood become a feature,  Even in the first order of events,
the blood coming into contact with tissues other than the normal endo-
thelial lining of the vessels tends to undergo coagulation.  This coagu-
lation, with the progressive lowering of the blood pressure and diminution
of rate of flow, with the contraction of the ruptured vessels as the internal
pressure is removed, and in the case of arteries cut transversely, with the
retraction and curling up of the middle coat, all together tend to hring
the hemorrhage to a natural termination.  Whether this natural arrest
is accomplished or not, depends upon several factors—the nature of the
ruptured vessel or vessels; the direction of the rupture (e. ¢., in arteries,
rupture in the direction of the longitudinal axis cannot undergo closure
by retraction, whereas this can take place when the rupture is transverse);
the force of the heart beat (7. e., where the circulation is powerful there
may be so rapid a loss of blood that death ensues before the natural
rest can come into play); and again the state of the blood, since, as
will be discovered later (p. 83), the coagulating power of the blood
varies considerably.  Blood extravasated into the cavities of the body,
nto the pericardial or pleural cavities, for instance, if not discharged
in suflicient quantities to lead to death, may remain fluid for some little
time, and in this fluid state may undergo some reahsorption throngh the
Ivmphaties, as regards both its fluid and its corpuscles.  The tendency,
however, is to undergo coagulation, and, following upon this, a slower

Y From pidag, fem., wizama, black
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process of absorption under the combined action of auntolysis (vol. i,
1) and leukoeytic action,

Where we deal with suffusion, infiltration of the tissues, or hematoma
formation, there we have to recognize both local changes in the tissue
involved, and changes in the extravasated blood. Not only does the
diversion of the blood from the normal channels bring about malnutrition
of the area involved, but the presence of the blood under pressure in that
area compresses the capillaries of the same, and arrests the circulation
within them; while, thirdly, the force with which the blood escapes may
lead to extensive laceration and destruction of the tissue.  This last is
particularly well seen in organs of a soft consistence, in cases, for example,
of cerebral hemorrhage.  Where the infiltrations are general and local,
as in petechiwe, purpura, ete., and due to diapedesis rather than rupture,
the local effects may be of the slightest order; there may be relatively
rapid absorption with little tissue injury (although even here there
local deposit of pigment from disintegration of the escaped erythrocytes,
which pigment undergoes slow removal, so that for long, cutaneous
petechiae leave behind them small brownish flecks).  Where more exten-
sive, we recognize a series of changes, of which the more important are:

1) Escape of hemoglobin from the extravasated ervthroeytes, causing
a hemoglobin imbibition which is accompanied by increased venosity
and darkening of the suffused blood; (2) disintegration of the escaped
hemoglobin, with lllnl]!hliull of hemosiderin, and, it may be, in more
central parts of the infiltrated area, of hematoidin also (vol. i, p. 60,
The successive stages in the disintegration of the hemoglobin cause the
succession of vivid tints seen in the not unfamiliar “black eve.”
Progressive absorption of the extr

vasated blood and its modified con-
stituents, - Again, it has to be observed that the extent of this absorption
depends upon the extent and nature of the extravasation.  In cases of
even extensive subentancons suffusion it may be |||III|I||"1, in cases of
hematoma-like accumulations it may he incomplete and accompanied
hy formation of granulation tissue replacing the destroved tissue, 1
result may he either the formation of a firm fibrous cicatrix, or of a
evst with fibrous wall and fluid contents (vol. i, p. 863), whose contents
atan early stage are deeply pigmented, but eventually through diffusion
and lenkoevtie action become a clear colorless serum

General Effects. A\ccording to the extent and rate of the hemor-
rhage so may we

SeTve

1. Sudden death within a minute or two, as after rupture of the
heart or bursting of a thoracie aneurism into the pleural cavity, trachea,
or wsophagus

2. Death preceded by collapse and all the symptoms of grave cerebral
anemia

3. Collapse followed hy hydremia and eventual recovery,
4. Syncope, or temporary cerebral anemia with rapid recovery.
5. No disturbances due to cerebral anemia, but (in cases of internal

extravasation) the development of a febrile state due to diffusion of
disintegration lnl'wlm ts from the extravasated blood (vol. i, p. 184)
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In cases of multiple repeated hemorrhages of moderate grade there
may be eventual exhaustion of the |n'|||:|lulmiq-lir tissues, and the deve |u|;-
ment nl’d condition of the blood resembling that seen in true pernicious
anemia, with |m|k||m\|n\|~ presence of normoblasts, ete., but, unlike
that condition, showing in the liver and other organs no indications of
the results of excessive disintegration of the erythroeytes,

We have in our first hook and in other chapters of this discussed most
of these conditions,  Here, therefore, they need but be called to mind,
\t most, it is necessary to add, as giving the basis of a scale for deter-
mining the incidence of wlllnlf)‘ of these ~<~1|I|rl;|-, that according to the
generally aceepted estimate, the organism can withstand the loss of about
§ per cent of the |vt-<l} weight without ath ensuing, and that when

bleeding” was in vogue it was not unusual to remove thirty ounces
from healthy adults withont the supervention of any grave effects

Hemophilia. In this |'|-|:|l|<-||~||i;-_ reference must be made to the
erv remarkable condition of the hemorrhagic diathesis known a
philia, a condition conveved from one generation to another in

'll o=

o overy
triking manner (see the genealogical table given in our first volume,
fucing p. 164), and one in which the slightest tranma, e, g., slight hraising

or contusion, or some insignificant surgical operation, such as the removal
of a tooth, is apt to be followed by almost intractable bleeding, lasting
for davs. It is still undetermined what is the essential cause of this
ondition,  Virchow, it is true, observed a characteristic smallness and
thinness of the walls of the aorta in these eases, and upposed an incom-
plete development or abnormal thinness of the vessels, but that has never
been absolutely proved. What would seem more definite is a lowered
power of congnlation of the blood, Just as in Barlow’s disease and in
irvy, we see nowadays an explanation of the multiple hemorrhages
the presence in or absence from the blood of some element, owing to
lefective nutrition, so the tendeney favored by the recent abundant
tudies upon immunity and extolysis is to regard he mophilia as due to
me inherited deficient reaction between the blood and the endothelivm
the smaller vessels, leading, it may be, either to a state of weakness of
it endothelium or to excessive development of bodies of the nature
wtithrombin, - The injection of horse serum has recently heen noted
be followed I-_\ arrest of hemorrhage in thes
I'here is vet another form of r.||-|||<|r_‘ hemorrhage that must not be
erlooked; we refer to the nervous.  Examples of this are seen in certain
hysteria in which apparently almost, at ‘will, the individual
elops hemorrhagic suffusion of the skin or mucous membranes
allied to this would seem to be the * stigmata” produced upon
hands and feet in cases of extreme religious exaltation or ecstasy
other cases of bloody sweat or hematidrosis,  Lubarsch would
de here the |n-|||nr|||;|-_gn~ of menstruation, pomting out that it is

inted with definite nervous phenomena, It is a matter of present
ite whether the menstrual flow is or is not intimately associated with
1"u|n|»|l|nm of an internal secretion from the ovary, or

again is
eded by degenerative changes in the endothelinm of the submucous
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vessels of the endometrium.  While admitting the very possible presence
of a nervous factor, we are inclined to doubt whether this be the control-
ling agent. In the other uncomplicated cases the course of events is
problematical; the suddenness with which the hemorrhages may be in-
duced by hysterical patients would seem to militate against local trophic
changes; on the other hand, it is difficult to aseribe the escape of blood
purely to local action of the arterial vasodilators.



CHAPTER 1V.
FHE BLOOD-—QUALITATIVE BLOOD CHANGES,

Tk study of the qualitative changes in the blood has now become
so special and so specialized a branch of pathology, with text-books and
ionrnals devoted to it, that to enter into the subject in all its modern
detail would in itself demand a volume of fair size. Under the circum-
stunces, the sense of proportion demands that we lay down at most the
main outlines, at the same time emphasizing the fact that these are but
the ontlines, and that for a fuller knowledge the student must master
sich works as Ewing's Clinical Pathology of the Blood or Cabot’s Clini-
cal Examination of the Blood, and for the latest developments must
consult that excellent journal, the Folia Hematologica,

In such a rapid survey we have to take into account, first, modifications
in the different constituents —in the constitution of the plasma, and in
the relative proportions of the corpuscular elements, erythrocytes, leuko-

vies, and blood platelets; and then pass in review certain of the more
important blood dy ins as separate entities (chlorosis, secondary
anemias, pernicions anemia, ete,)

THE PLASMA.

It is no false |n||ni|i1) to state that nhwpih- the amount of research
that has been devoted to the blood during late years, we are but at the
beginning of w knowledge of its pathology. We have gained some
knowledge regarding the red corpuseles and their function, and the
ignificance of disturbances affecting the same; our knowledge of the
white corpuseles, their mode of origin, rq-ln(iulhhiln, functions, and
morbid states has been mater lly widened, though much has yet to he
determined; but as regards the plasma, the main medium of nourish-
ment and interchange, the data we possess are |u|i||f||ll~\' deficient,  That
plasma is the great medium of interchange; from it are constantly being
hstracted materials needed for the elaboration of the different tissues;
to it are poured many produets of cell activities, internal secretions,
enzymes, hormones, ete.  The evidence is very clear that despite this
constant change, the composition remains in health remarkably uni-
form. Weare apt to attribute to the liver and kidneys the main function
of removing the deleterious substances that would otherwise tend to
accumulate—and here, it may be, we are correct, although we must take
into account how other organs, like the ductless glands, evidently play
i part in neutralizing certain bodies of a toxie type circulating within it.




S — 8

——————

84 THE BLOOD
But the study of immunity has revealed the existence of substances
in the plll\lllu in minute amounts—enzymes and proteins —possessing
rrnpvrlu-s obviously of extraordinary importance for the general well-
reing of the organism as a whole; we cannot isolate these, we can only
conclude that they are of proteid nature; we cannot surely state what
is their origin—we repeat glibly that the solid matters of the blood serum
constitute 9.2 per cent., and of this 7.6 per cent. is protein, in the main
serum albumin and serum globulin.  But having said this, we are igno-
rant of the exact source of these obviously most important constituents,
of the respective parts played by the two in nutrition, and consequently
of the significance of disturbances in their relative proportions.  We are
only slowly realizing that those names, serum albumin and serum globu-
lin, cover not single entities, but groups of substances.  And if this is
true of the most abundant as well as the most sparse constituents of the
plasma, the poverty of our real knowledge stands revealed.

Briefly we may divide the constituents of the 1||~|||.| III||> water,
proteins, and salts.  "The proportion of water |u.n| ins in health «
remarkable constancy, so that the specific gravity varies hul slightly
In disease greater variations show themselves, and the condition of
hydremia is not infrequent.  But here it has to be noted that a hydremic
condition of the blood may be brought about (1) by actual inerease in
the amount of blood by increase in its watery content (true hydremic
|;I<-|||ur;| ), as in obstructive heart disease; (2) by no increase in the total
amount of blood, but actual deficiency of proteins of the plasma, as alter
severe hemorrhage; and (3) by inerease in the salts of the blood, attract-
ing more fluid out of the tissues in order to preserve the normal “ tone”
of the plasma. ~ As already pointed out, this retention of salts is hy som
held to explain the hydremia of nephritis.  Not until we possess a fuller
series of simultaneous observations on the total amount of blood (hy
Haldane and Smith's or other method) and of the proportions of the
different main constituents of the blood shall we be able to speak with
decision about these matters,  In short, with our present lack of knowl-
edge, it is difficult to do other than consider together those three possible
variants, water, proteins, and salts, A more watery condition of the
blood, however hrought abont, is encountered in obstructive heart and
lung and in Kidney discases, in severe infections and malignaney, and
after extensive hemorrhages, It must not be thought that in every cas
manifesting these particular morbid states, the condition of hydremia
necessarily manifests itself.  In by no means all cases of cancer o
sarcoma is there reduction of the cirenlating proteins, and as Grawitz
has shown, in the different stages of tuberenlosis marked variations ar
to be made out in the composition of the blood serum; not infrequently
instead of being hydremic, the blood is found more concentrated and
viscid,  In conditions of nephritis it is more particularly the acute paren
chymatous eases that exhibit hydremia (which it is to be noted is asso
ciated with extensive loss of albumin through the Kidneys); it may be

! Deutsch
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wholly absent in cases of chronic interstitial nephritis, and is not nec

'ill\: present in those of chronic parenchymatous nephritis,'  And
as regards obstructive heart and lung disease, a word of caution needs
to be given.  Where there is passive congestion there is coincidently an
increased passage of fluid from the blood into the lymphaties, with, as
a result, a marked concentration of the erythroeytes in the capillaries
from which the exudation takes place. In these cases, as, indeed, in all,
it is wrong to make any conclusions as to the quantity or quality of the
plasma from an estimation of the number of erythrocytes per cubie
millimeter.  So also in this same series of cases the fact of this escape of
fluid into the tissues has to be taken into account. By the ordinary
means of piqure to gain capillary blood, that blood may be gained exten-
sively diluted with wdema fluid.  This, however, has been definitely
determined, that the blood serum deprived of corpuscles obtained from
those eases of cardiae insufficiency in the stage of imperfect compensa-
tion presents a rw‘n;,:ni/ul-ll' reduction in its solids,

Of the proteins of the plasma as contrasted with the serum, fibrinogen
must not be overlooked.  T'o the modern views regarding this protein
and its relationship to the coagulation process we have already referred
p. 66).  Here it has to be noted that the amount exhibits very
considerable variation, as evidenced by the varying quantity of fibrin
obtained from different bloods,  From the normal amount of 0.1 to
0.4 per cent. by weight there may be a rise to 1 per cent. and higher,

Such hyperinosis is met with more particularly in certain infections,
notably inacute lobar pneumonia, in acute rheumatism, and in some cases

of nente pleurisy,  In other infections, notably typhoid, there is found
a condition of hypinosis, or reduction of the fibrin,  "The fact that hyperi-
nosis and hypinosis in these febrile states show a remarkable parallelism
with the presence or absence of lenkoevtosis suggests that it is not so
much the fibrinogen as the fibrin ferment that undergoes variation.
I'his, however, would not seem to be the case, The I\|>||nu;y‘|| itself
e goes variations independently of the leukoeytosis in leukemia® and
in phosphorus poisoning,' where it may he completely absent,  Varia-
tions in the amount of the ferment affect the coagulation time of the
Blood rather than (so long as any fibrin ferment is present) the amount
of fibrin produced,

\s regards the salts of the |n|.|«|n.|. again it has to be noted that we
possess seattered data® rather than a full knowledge of their variation
- different morbid states,  These salts consist in the main of sodinm

ts, of ehlorides and phosphates.  They evidently bear an intimate
relationship to the state of solution of the proteins. Their nature is

Hammersehlag, Ztseh, . klin, Med., 21: 1802

Pleiffer, "Uh. Zentebl. 1. innere Med., 25 19048500

Inkoby, Zeitsehr. £. phys. Chemie, 30; 1000: 1714

*These data will be found eollected and disenssed in Hamburger, Osmotische
Druck und Tonenlehre, 1906, and Limbeck, Pathologie des Blute 24 edition,
lena, 189G
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such that the normal blood is definitely alkaline, and, as already pointed
ont in discussing acidosis (vol. i, p. 381), reduction in this alkalinity is
associated with the gravest metabolic disturbances.

Lipemia.— One other constituent of the blood plasma deserves
notice, There is always to be isolated from the fluid of normal blood
a minute quantity of fat.  As to the exact state in which this is present
8 there is still debate, the evidence on the whole favoring the view that
‘“J some at lvuﬂ'is‘ in the form of the more .~nl|||.:|(~ salts of the I_'nll.\' acids

or soaps.  What we have already said regarding the absorption of fats
| from the intestine (vol. i, p. 94) prepares us to find that after meals
f rich in fats the amount is definitely increased. Occasionally there is

encountered a condition of lipemia —of extraordinary increase in this
! fat. In some cases of diabetes there may be as high a content as 20
per cent., the blood taking on a milky appearance, and the fat being
present in an emulsified state in the form of fine globules,  Once more
it has to be acknowledged that we know little or nothing about the con-
ditions leading to this lipemia—whether we deal with the absence of a
lipolytic ferment either from the blood or from the tissue cells which
normally absorh the fat, or again, of some constituent which converts
the absorbed fat into a soluble salt, thereby preparing it to be taken
up by the cells, or lastly the presence of acids splitting up the soluble
soaps present in the blood and liberating thus the fatty acids and fats
In addition to diabetes, lipemia has been observed in conditions charac-
terized by defeetive oxidation (and inereased carbon dioxide content of
the blood), such as pnenmonia, phosphorus poisoning, and anemias.

THE ERYTHROCYTES.

Of the physiology of the red corpuscles, much may be said; regarding
their pathology, we must be comparatively brief,

Variations in Number. - We have emphasized already that moderate
increase or decrease in the number of erythrocytes ubie millimeter in
itsell tells us little without, at the same time, there be present indications
of either inl'l'vxl\ﬁl |rrlnllu'|iu|| or excessive |||‘~Il‘l|1'lin|l of the (‘HI'[DII\('I!'*.
rather than variation in the amount of the fluid of the blood.  Where

| there is great departure from the normal it is difficult to believe that in
I all cases the concentration or dilution of the blood alone is at fault
f That it may be, is shown by the great apparent inerease in the number
of red corpuscles seen in enses of cholera nostras, cholern asiatica, and
other conditions in which there is great drain of fluid from the intestinal
canal.  But in such cases there is abundant clinical evidence of loss of
fluid, as, for example, the difficulty in obtaining blood from the finger
or pinna of the ear, the feeble heart action, the tarry condition of the
blood itself —all indicating reduction in the quantity of the blood and
concentration of the more solid constituents of the same,
Polycythemia. —'I'he polycythemia of high altitudes has been studied
by a large number of observers (Paul Bert, Miescher, Mosso, Abder-
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halden, and others), and is very striking. It affects all vertebrates.
Thus, in the South American Cordilleras, at a height of more than 12,000
feet, Viault' found that the count in the lama was as high as 16,000,000.
T'here has been great debate as to its meaning, but this seems to be
established: (1) That the total amount of blood remains unaltered,
and thus the increase is not due to concentration; (2) that the arterial
blood shows the increase, and thus we do not deal with concentration
in the superficial capillaries; (3) that it supervenes with relative rapidity
Gaule records increase to 8,500,000 in a balloon ascension); (4) that
it soon disappears upon descent toward the sea level.

Making due allowance for variations in individual reaction, it is diffi-
cult to regard the increase as other than adaptive, than a reaction to
the need for more oxygen carriers in an atmosphere in which the amount
of oxygen is diminished. A similar increase, it may be noted, has been
observed by Nasmith and Graham® in animals made to breathe air
containing carbon monoxide.  That carbon monoxide is useless to the
economy, but has a far greater affinity for hemoglobin than has oxygen;
the organism evidently produces more hemoglobin and hemoglobin
holders to counteract the using up of part of the circulating hemoglobin.
We do not |'rvl|-|u| that there are not facts in connection with the ph('-
nomenon that are diffienlt to explain.  When the condition supervenes
rapidly we have to postulate a rapid production of hemoglobin and
rapid discharge of young erythrocytes from the bone-marrow, and so
far unl) one observer, (inllh‘_ has recorded the presence of (immature)
nicleated red corpuseles in the circulating blood; others have failed
to find them.  So also what becomes of the excess of erythrocytes upon
return to lower levels remains unsolved.  These are matters regarding
which we have incomplete knowledge, rather than facts absolutely
opposed to the view here taken.® "This may be spoken of as physio-
logical polyeythemia; pathological polyeythemia is a condition which
has come into recognition only during the last few vears! some fifty
cuses being on record.  In these cases counts of 8,000,000 are common,
i those of 10,000,000, 13,000,000, and even 14,000,000 corpuscles have
been: determined.  “There is an accompanying duskiness or cyanotic
ippearance of the skin, and frequent (though not constant prunnunvnl
enlargement of the spleen.  Cases have heen reported of all ages, most
frequently in advanemg life.  "The presence of normoblasts and megalo-
blasts shows elearly that there is an active production of erythrocytes,
ind some of the few postmortems have demonstrated increase of the
marrow, and one at least has confirmed Widal's view that the splenic

Compt, rend. de I'Aead. des Sei, 112: 1501 : 205
lourn, of Physiol., 35: 1906 32
\ thoughtful study of this problem is afforded by Krehl, Pathol. Physiologie,
i+ German edition, Leipzig, 1907; 193 see also AL W, Hewlett's translation,
Lippineott, 1907
' The first ease was recorded by Rendu and Widal in 1892, For bibliography
Engelbach and Brown, Jour, of Amer. Med. Assoe., 100G 1265, 1 for

general deseription, see Cabot, Osler and MeCrac's Svstem of Medicine, 4: 1908: 678
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enlargement is due to resumption by the spleen of its faetal properties
of production of erythroblasts. ~ With this there is in some cases a moder-
ate grade of nentrophilic leukocytosis.  The cause of the condition is
wholly undetermined.

Variations in Size and Shape. T'he normal erythrocyte is from 5 to
8.5 pin dinmeter,  In conditions of anemia and disturbed erythrocyte
production, notably in pernicious anemia, cells 10 to 20 x in diameter
are encountered (megalocytes) along with others which may be but
2 to 3 g in diameter (microcytes). In these cases of extreme anemia
cells of very irregular form are also encountered—poikilocytes, pear-
.\hulml, elongated, and Nlll\'ugl"\'llllpl'(l, ete,

Alterations in Structure and Staining Reactions. 'I'he normal ery-
throcyte is homogeneous, its hemoglobin seattered evenly through it, and
granules are absent when the ordinary processes of staining are employed.
In & mixture of acid and basic aniline dyes (as in Romanowsky's stain
and its many modifications) it takes up the acid dye.

If, however, the development be followed in the red marrow, a sue-
cession of stages may be made ont, from the large erythroblast, with
lurge, loosely skeined nucleus and without hemoglobin in its cytoplasm,
through forms with scattered granules and masses of hemoglobin and
small, condensed nucleus, the hemoglobin in these younger cells taking
up the basic stain with more or less intensity and appearing purplish
or even blue, to forms which have lost their nuclens and have the hemo-
globin diffused evenly thronghout them, but still tend to take a purplish
rather than a reddish or orange color,  "These various immature forms
of red corpuscles may be encountered in disease, and then indicate a
pouring into the blood from marrow or spleen of imperfectly developed
ervthroeytes; indieate, that is, a condition of such stimulation of the
hematopoietic system that with active proliferation of the erythroblasts
the immatare cells are discharged into the blood,

Polychromatophilia and the presence of nucleated red corpuscles, of
megaloblasts (as the large, paler forms are termed), and of normoblasts
(hemoglobin-holding cells of the normal size but nucleated) must then
be regarded as evidence of excessive demand made upon the hlood-
producing tissues.  Such conditions are most frequently seen in grave
anemins, At the same time it has to be recognized that basie and irregu-
lar staining of the ervthroeytes in another but widely different series of
conditions is evidence not of regeneration, but of degeneration; in areas
vn in areas of fresh thrombosis, such
polychromatophilia is to be distingnished,

In the latter case it is associated with indications of disintegration,  Of
this, two forms have heen distinguished by Arnold, namely, Plasmorrhexis
and Plasmoschisis. I'he former is the condition often observed when
erythroeytes ave studied in film under the microscope, namely, the devel-
opment of crenation and of a mulberry-like appearance with formation
of peripheral globules of varying size, some very minute (resembling
Miiller's “dust hodies™), others it may be as large as blood platelets;
and these become liberated, with progressive diminution in size of the

of interstitinl hemorrhage, as a
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parent corpuscle. In plasmoschisis what is observed is a rapid breaking
up of the whole body of the corpuscle into small globules, which as
they separate are seen to be free from hemoglobin and to be indistinguish-
able from blood platelets.  Another modification of which the signifi-
cance is not understood is seen in certain cases of lead poisoning in
which ring-like accumulations of matter taking on the basic stain are
seen within oceasional erythrocytes,  Since in this condition we are apt
to meet with “stippling” or free granules of basic staining matter within
the red corpuscles, with normoblasts and megaloblasts, the indications are
that we deal with an anemia and accompanying overstimulation of the
red marrow; and the suggestion is that here we deal with cells in which
the conversion of the prehemoglobinic matter is not complete,
Variation in Amount of Hemoglobin; Hemolysis. By the use of the
hemoglobinometer we can determine the amount of hemoglobin in a
given <||1;mIil'\ of blood by comparing its color with that of a sample of
normal blood of known d'lution (or its colored equivalent). By the
hemoeytometer we can t]1'|l‘lllllll!‘ the number of erythrocytes per cubic
millimeter of the same blood. U zing these two enumerations, we can
arrive at the color index, . g., at the ratio of hemoglobin per corpuscle,
tuking the normal corpusele with normal hemoglobin content as 1. A
blood, for example, containing the normal 5,000,000 corpuscles, but only
70 per cent, of the normal hemoglobin, would have a color index of 0.75;
having only 2,500,000, with a hemoglobin content of 75 per cent., would,
on the other hand, have a color index of ., each corpuscle would
possess half as much hemoglobin again as 1'x)|~ the normal corpuse de.
\nd, as a matter of fact, we find very considerable variations in this
color index.  In chlorosis, for example, it is reduced; in pernicious anemia
markedly increased.  And these findings tally with the clinical observa-
tion that in chlorosis very slight exertion |l||ng on breathlessness
through lack of adequate oxygenation —whereas, i I pernicious anemia
the patient in general only consults his doctor l'ul‘ weakness when the
number of red corpuscles has fallen to 2,000,000 or less,
Reduetion of the color index may either indicate (as in chlorosis) a
primary inadequate production of the hemoglobin, or, on the other hand,
1 diffusion of the same out of the corpuscles into the plasma.  Such
’rnw///\l\ ocenrs under a variety of conditions,  Our atte nllnn has been
drawn to it of late years more particularly hy the studies upon evtolytic
whion, and the remarkable effects produced both by foreign sera from
normal animals, and by the sera of animals of the same or other species
which have received injections of cells of various orders.  Such sera
come to contain bodies which, both in the removed blood and when
injected into the vessels, canse a marked *“laking” of the blood, so that
the corpuscles hecome represented by colorless shadows,  There are
many other agencies which have a like effect —cold, as in paroxysms al

hie I\H"'lu'illlllll.q heat, as in burns; and many chemical agents potassinm
chlorate, vicin, toluylenediamin, glyeerin, l:_\ln-_:.tlln acid, ete. What is
of |v.|rlm|].|| interest as possibly explaining some at least of the second-
ary anemias, is the hemolytic action of not a few of the pathogenic
tnicrodrganisms - Streptococens, Pyococeus anrens, Bacillus pyocyaneus,
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Bacillus coli, Pneumococcus, ete.  These organizms may be grown in
defibrinated blood solutions, when the laking can be readily observed
by the change in the appearance of the medium, or lakii.g may be directly
induced by the addition of the fluids of culture,

In all these cases it would seem that we deal with more than the mere
diffusion out of the hemoglobin. Some changes must occur in the
physical state of the corpuscles before the pigment becomes liberated,
and once it is liberated the corpuscle is rendered useless. We possess no
evidence that the erythrocyte has the power to regenerate hemoglobin
after loss. 'The fate of the affected corpuscles is to be removed from
the circulation by the agency of the spleen.  Any condition, therefore,
bringing about severe or continued hemolysis causes with it a condition
of (so-called) anemia, 7. e., a reduction in the number of circulating
erythroeytes. The anemia so produced has been studied in our labora-
tory by Charlton, who injected over long periods into rabbits non-
lethal doses of a relatively non-virulent colon bacillus isolated from
the intestine of a normal rabbit. Bunting employed similarly repeated
small doses of ricin. Charlton was able in several instances to bring
down the number of erythrocytes to 1,000,000, and found that so
soon as the number reached 2,500,000, poikilocytosis with occasional
megaloblasts became developed; he found, however, little obvious
change in the bone-marrow. In Bunting's cases the evidence of increased
activity of the bone-marrow was well marked, the marrow closely resem-
bling that seen in pernicious anemia.  O*!.er observers, like Hunter with
his researches upon the effects of toluylenediamin, have studied the more
immediate effects of hemolytic agents, as shown by the excretion of the
liberated hemoglobin through the liver and kidneys, in the former case
as bile pigment.

Chlorosis.' —IHere it will he well to pass in review certain of the more
important disorders characterized by altered states of the red corpuscles.
And first we may consider chlorosis, a condition formerly very common,
but now, according to Cabot, becoming relatively uncommon, at least
in North America. It affects young women (94 per cent. of Cabot's
cases were between the ages of fifteen and thirty years); rare cases have
been recorded in young males, so rare that many writers doubt their
existence. Save that the onset suggests some disturbance of the recently
established menstrual function, and that the majority of cases are of
girls in household service, who have exchanged the freer life in the
country for one spent largely indoors under not the hest hygienic con-
ditions, we have practically no indications suggesting the causation of
the disease —which in itself is not fatal, although it may predispose to
tuberculosis and other more fatal conditions.

The characteristic features are the cachexia, the bloodless, pale
complexion (“green sickness”), with pallor of the lips, the weakness
and lassitude following upon slight exertion, the dyspepsia, capricious

! The fullest recent study of this condition is by Cabot, in Osler and McCrae's
Modern Medicine, 4: 1908: 639, based on the study of 497 cases,
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appetite, with gastric acidity, constipation, and palpitation, and
<tate of the blood.  There is a slight but definite reduction of the nuniber
of erythroeytes, a marked reduction in the amount of hemoglobin per
u-urpuwlv; the color index averages about 0.5, but may be as low as (...
With this, as elearly demonstrated by Haldane and Lorrain Smith, there
is |»rnnunm~ml inerease in the amount of blood plasma, an increase more
than sufficient to explain the reduction in the number of erythrocytes
per cubic millimeter.  There is a true serous plethora. Save that more
might have been said regarding the symptoms, there is little to add that
i« definite in our knowledge of the disease, with the exception that the
rapid general improvement which follows the proper administration of
iron, accompanied by improved hygienic conditions, suggests that we
deal very largely with a deficient building up of iron into the iron con-
tuining hemoglobin of the developing erythrocytes; that, in short, the
reduction of the color index is the central feature of chlorosis. Several
observers have called attention to the accompanying constipation and
the improvement that follows when this is overcome; thus possibly an
intestinal toxemia may play some part in the production of the condition.
Secondary Anemias. —\With the excoption of the above condition,
when we can determine what appears to be a satisfo tory cause for the
diminution in the number of erythrocytes, we speak of a secondary
anemia, and doing so, we leave as a class apart one condition of unknown
cansation, namely, idiopathic or primary pervicions anemia. Such sec-
ondary anemia may be acute, as after profound loss of blood. In these
cases what has already been said will have prepared the reader to find a
blood greatly diluted, owing to passage into it of lymph and tissue fluids,
in order to preserve the amount of circulating fluid.  The erythrocytes
at first are normal in appearance and hemoglobin content, but eventually,
if the loss of blood has been great and the pouring of new cells out of
the bone-marrow excessive, there may appear a few immature erythro-
evtes and cells of the megaloblastic type.  With this there may be a tem-
porary actual increase in the number of circulating lenkocytes (mainly
nentrophile) and a lowering of the color index, due to the fact that the
immature erythroeytes do not contain the normal amount of hemoglobin,
Extensive hemolysis may also bring about an acute anemia; this may be
induced by severe infections, and cases are on record in which, without
the supervention of hemorrhage, the blood count has dropped to 1,500,000
within a few days of high fever, Certain drugs taken accidentally (e. g.,
acetanilide) may induce active hemolysis and give a similar picture
Chronic Secondary Anemias. —In these acute cases we have in the main
the picture of great reduction in the number of erythroeytes, followed
hy stages of an imperfect hematopoiesis.  In the chronic forms imperfect
hematopoiesis may he said to hold the field. ‘The main features are
an abundance of cells smaller than normal, and a low color index.
Much, however, depends, both as regards the erythroeytes and the
lenkocytes, upon the grade of the anemia, as again upon the cause, Thus,
in th” anemias due (o intestinal parasites the milder cases show at most
microcytosis with a characteristic eosinophilia, but grave cases, notably
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those due to the Dibothriocephalus latus, the fish tapeworm, present
a picture indistinguishable from pernicious anemia. Lead poisoning,
again, presents an undue proportion of nucleated reds with “stippling,”
i. e., with basic granulation of the erythrocytes. In splenic anemia,
the leukocytes are characteristicelly diminished in number, and the
color index is very low. In infancy, the anemias present aberrant
characters, In accordance with the other tissues, the regeneration of
the blood cells is very active, with the result that abundant cells of
erythroblastic type gum entrance into the blood, and the color index,
instead of being low, is, as a rule, high.
s ageneral principle, it may be laid down for these secondary anemias
that the more severe and the more long continued the cansative condi-
tions, the greater are the signs of exhaustion and using up of the erythro-
blastic mother tissues, until, in the advanced cases, we obtain pictures
very similar to, and in fact at times indistinguishable from, those of
pernicions anemia, to be presently noted.
Pernicious Anemia.—I'he picture presented by the sufferer from pe
nicious anemia is striking: the peculiar yellow cachexia, the absence
emaciation, and in its place the laying on of flabby fat, the weak heart
action and pulse, and striking general weakness. At autopsy, the bright
vellow color of the fat, the lllmnllq-»m'“ and anemia of all the organs,
the pale color of what blood there is, the pronounced fatty degeneration
of the heart, the presence of increased iron, more particularly in the
liver, shown by either Quincke’s or Perls test, the increased red marrow
of the bones, aid the frequent presence of evidence of a chronic gastritis,
all combine to form a combination that cannot be mistaken.
T'he most striking of these disturbances is the blood condition, That
blood is both diminished in amount and characterized by a marked
diminution in the number of erythroeytes. ‘T'he number may fall to
below 500,000, We have at the same time evidence of active disintegra-
tion of the red corpuscles (indicated by the increased storage of iron in
the liver) and of active regeneration (indicated by the hyperplasia of the
red marrow and the relatively abundant nucleated red corpuscles of
different orders in the cireulating blood).  But the regeneration does
not proceed at a rate sufficient to compensate for the destruction.  What
is characteristic is that the individual erythrocytes are many of them
larger than normal, and they contain increased hemoglobin; so that a
main feature is the very high color index. ‘T'hat the corpuscles are not
healthy is indicated by the marked poikilocytosis," they are flabby and
assume various shapes,  But despite the high index, owing to the great
reduction in the number of corpuscles and reduction in the amount of
blood, the total smount of hemoglobin is greatly lowered. T'o this
lowered oxygen-carrying capacity of the blood must be aseribed the
diminished metabolism and the storage of fat (a similar tendency to
lay on fat is often observable in chlorosis), and possibly the continued
malnutrition in itself is responsible for the fatty degeneration of the heart

Y woidog, varied or various (referring to shape).
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and other organs, although this may also be ascribed to the unknown
toxic agent causing the hemolysis and continued blood destruction.

What this toxic agent is we still are in ignorance; obviously it is of
hemolytic nature, and acts over long periods. One striking feature of
the disease is that it is already far advanced, as a rule, before the patient
feels himself ill enough to consult a physician; another, that apparently,
despite the varied nature of the treatment afforded—save that the com-
mon basis of all forms of treatment is rest and simple diet—there occurs
in the majority of cases a distinct remission; the number of erythrocytes
increases, the general condition improves, until the blood returns prac-
tically to the normal and the patient is apparently restored to health.
This may lwmsi for but a nmnlh or two, as long as four years—only
ravely is the improvement permanent. Then, \\uhuut obvious cause,
a relapse occurs Cabot, from an analysis of several hundred
states that the average time of remission is for one year, and quotes cases
in which the relapse has occurred at the same season in successive years;
our impression is that too great stress must not be laid upon this regular-
ity. The only suggestion that can be made to explain these remissions
is that the enforced rest and dieting gives the system the opportunity
to counterset the intoxication, NInn- and more Hunter’s conclusion
that we deal with some alimentary intoxication is gaining ground,
The frequency of a septic condition of the mouth, or of evidences of a
chronic atrophic gastritis, the very frequent absence of hydrochlorie
acid from the gastric juice, the gastric distress, and the fn-qmnl con-
dition of diarrheea, all call attention to the digestive tract.  And here
three possibilities exist—either that we deal with (1) the absorption of
hiemolytic products of abnormal dlmmlmn, (2) the absorption of similar
he lnnl\ll( p yroducts of abnormal bacterial fermentation, or (3) the pres-
ence and growth in the digestive tract of organisms of a low pathogenic
tvpe, :nul, as a consequence, the llv\'vlnplln'nt of a state of subinfection
vol. i, p. 462), the increased carriage of organisms into the splanchnic
||um| stream being favored by inflammatory states of the alimentary
INHCOSY

Certain considerations favor either of the latter two theories, namely,

1) the known power of acid reaction of the stomach contents to arrest

hacterial proliferation, and the converse, that absence of hydrochloric
icid from the upper intestinal tract favors bacterial ;,,rm\'lh and abnormal
fermentation; (2) the observed anemia that accompanies foul-smelling
putrefactive states of the contents of the lower intestines.

Here at the present time the study of pernicious anemia may be said
torest.  Weare coming, that is, to the conclusion tha' pernicious anemia
is not idiopathic; that the typical forms have associated with them bac-
terial overgrowth in the alimentary canal of such an order that hemo-
Ivtic agents :||'|'1h'\'1'|u|u1| in undue quantities, but still have to determine
what particular order of bacteria are concerned, and how they act,
In conclusion, we would repeat that it has to be kept in mind that a
similar syndrome and extreme alteration of the blood may be produced
by known agencies, by hemolytic substances, such as repeated small
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doses of ricin (Bunting), by the presence of the Dibothriocephalus latus
in the intestines (whatever be its mode of action), and, rarely, in the
latter stages of malignant disease. In this, Crile and others have
determined the existence of hemolytic substances in the blood.  We have
seen the condition develop also in a patient the subject of repeated suiall
hemorrhages extending over two years, from a villous papilloma of the
bladder. In that case the picture was complete, save for the absence of
excess of iron in the liver, ¢, e., there had been no intravaseular destruc-
tion of red corpuscles, but a steady loss of the same from the system.
So also there was no recognizable disturbance of the gastro-intestinal
tract,

Aplastic Anemia. —Rare cases are on record of a vet further stage
in what appears to be the same proe In this it would seem that the
overgrowth of the red marrow and excessive production of ervthroeytes
is followed by a stage of exhaustion, so that upon examining the medulla
of the sternum or femur, ete,, instead of finding an overabundance of
red marrow, that red marrow is reduced in amount, and replaced, it
may be wholly, by vellow fat; instead of hyperplasia there is aplasia;
or, judging from the rapid course of many of the cases, it may be urged
that from some congenital weakness or other cause the agent setting
up the hemolysis does not excite an adequate hyperplasia from the
first, and the erythroblasts are quickly used up.  As indications of this
exhaustion are to he noted the absence of normoblasts and megaloblasts,
and the low color index.  Poikilocytosis and anisocy tosis' are found largely
wanting, as are also the leukocytes proper, causing a relative abundance
of lymphocytes. Hemorrhages are frequent.  Cabot has  collected
twenty-two cases of this nature from the literature,

THE LEUKOCYT

With the present continued doubt regarding the relationship of the
different forms of lenkocytes in the cireulating blood, 1 is essential that
before discussing variations in the relative numbers of the different forms
appearing in the blood, we should at least place upon record our opinions
regarding that relationship; not that we consider our views so well
founded that they are unlikely to undergo change, but because the whole
of our treatment of leukocytosis is influenced by these views, We
have discussed them elsewhere.?

Here, as regards the blood as distinet from the inflamed tissues, we
recognize two well-defined groups: (1) The granular leukocytes, and (2)
the lymphocytes, and these we hold are of separate origin.  "The differ-
ent forms of the first group would seem all to originate from myeloblasts,
large, non-granulated cells, which, in the adult, are present throughout
life as “mother cells” in the bone-marrow. These originate, as do also

! dwoog, unequal (referring to size).
? Inflammation. London, Maemillan & Co,, 1th edition, 1904
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the erythroblasts, in intimate connection with the capillary endothelium,’
whereas the lymphocytes are derived from the mother cells or lympho-
hlasts of Iymph(ml tissue. "T'he myelocytes give origin to cells which
exhibit granulations of different orders—either acidophilic, staining with
the acid aniline dyes, or basophilic—while occasionally we may encounter
cells which morphologically are of intermediate type. Despite the abun-
dant studies that have been made, we still lack sure evidence that the
fully developed cell, with, for example, coarse acidophile granules (eosino-
phile), undergoes conversion into one with finely granular basophile
un'nlmpllll(‘) granulations, or wvice versa. All the evidence indicates
that the neutrophile or ordinary polynuclear leukocyte, once it reaches
this stage, remains a neutrophile and is incapable of conversion into
other form. Still less do we have any indication of intermediate stages
between the lymphocyte and the group of granular leukocytes. It is
true that, contrary to general teaching, by special methods of staining
the lymphocyte can be seen to exhibit extremely fine granulations, but
these are of a special order, and are not demonstrable by the ordinary
methods whereby the leukocytic granulations are brought out.

As to the functions of these cells under normal conditions in the
cireulating blood, while we have many indications, we know little that
is absolute.  We know much more concerning that function when they
have made their way out of the vessels either into the lymph spaces or
on to the surface of the body. These latter functions we have already
discussed in our chapters upon Inflammation (vol. i, p. 413). It is
quite possible that in the blood stream they act as scavengers, although
normally, judging from the great rarity of any signs of inclusion,® this
property is little called into play.

There are observations favoring the view that in the intestinal villi
the circulating leukocytes may actively take up fatty globules, but it
may be questioned whether such leukocytes have not actively taken
up these globules outside, and then migrated into the veins. Again,
according to Metchnikoff’s views, it is the leukocytes that are the great
manufacturers and storehouses both of immune bodies and comple-
ments, At the same time he holds strongly that where this is the case,
the healthy leukocyte does not liberate these bodies into the blood
plasma,  On the whole, it would seem more probable that in the normal
blood the leukocytes exert little functional activity, that the blood in
the main acts as carrier for those cells, that their carriage throughout
the body is to subserve their function of acting as patrols, so that, con-
veyed to any capillary region, they may make their way out into the
tissues through chemiotactic attraction. Their activity, that is, would
seem to be more extravascular than intravascular. In saying this we
do not deny that circulating toxins have an influence upon the number
of leukocytes in the circulating blood; this influence, Y\m\'vvor, would

! Vide Schridde, Centralbl. f, Pathol., 19: 1908 ; 865,
? One of us once encountered a definite bacillus in a polynuclear leukoeyte of his
own blood, he being at the time in good health.
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seem to be exerted primarily upon the hone-marrow aod lymph-glandular
tissue, determining a greater or less discharge of toe different orders of
cells. It is to this, and not to any proliferation of the lenkocytes in the
blood that any leukocytosis or the reverse condition of leukopenia must
be ascribed.

Leukocytosis.-—I'he presence of any inerease in the total number of
white corpuscles in the peripheral blood above the normal constitutes
lenkocytosis.  Usnally one or other form is in relatively greater abun-
dance; as subgroups we distinguish (a) a polynuclear leukoeytosis: ()
cosinophilia; and (¢) lymphocytosis, together with other conditions of
the appearance of aberrant or immature forms constituting (d) leukemia.
Strictly speaking, we do not consider that we deal with leukemia until
the number of these aberrant leukoeytes in the blood exceeds 15,000,
Therefore, we may have a myelocytic leukocytosis, for example, that is
not a leukemia.

Using the term in its broader sense, we distingnish next between
physiological and pathological lenkocytosis,

Physiological leukocytosis shows itself in a variety of conditions. In
the first place, there is in the young a well-marked relative lenkoeytosis,
During the first week of life the number of leukocytes varies between
15,000 and 30,0005 during the first ten years of life it varies hetween 10,000
and 12,000, In the female toward the end of pregnaney there is a well-
marked rise, reaching to 15,000 to 20,000 at the time of parturition. A
distinet rise is to be noted after violent exercise, massage, cold baths, and
theapplication of electricity; so also, full protein diet favors what is known
as alimentary leukocytosis.  Lastly, a terminal lenkoeytosis in the last
hours of life is so common that it may be regarded as physiological.

Pathological Leukocytosis. («) Polynuclear or neutrophilic leukocy-
tosis. It is in inuflammatory and infectious conditions that we more
particularly find this form of lenkocytosis.  We can produce it experi-
mentally by the inoculation of many pathogenic organisms, . g., by
inoculating non-lethal doses of the Pyococens aureus into the peritoneal
cavity, when for the first few hours there is a leukopenia, followed
next day hy a pronounced polynuelear leukoeytosis, "This is by no
means a universal reaction to infection; notably it is wanting in typhoid,
malaria, tuberculosis of the more chronic type, and, when withont second-
ary infection, leprosy, measles, mumps, and most cases of inflnenza,
But where there is localized or generalized suppuration, it becomes
most pronounced; in pneamonia, again, there may be a leukoeytosis of
100,000, with 95 per cent. of polynuclears.  Our contention that these,
the most actively phagoeytie leukoeytes, do not so much function in the
blood as appear there to be ntilized later in the tissues, is borne out by
the fact that in malaria, trypanosomiasis, and other conditions in which
animal microparasites multiply in the blood rather than in the tissues
a polynuelear leukoeytosis is cha acteristically wanting; whereas in
poeumonia and the suppurative diseases in which the irritants multiply
outside the bloodvessels, there this form of leukoeytosis is most extreme.

There is another group of conditions in which we encounter this type
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of leukocytosis —the toxic, Iere are to be included posthemorrhagic
lenkocytosis, the later stages of hepatic cirrhosis, and other states charac-
terized by grave disturbance of the liver cells (uremia, etc.), gout, the later
stages of malignant disease, ptomaine poisoning, coal-gas poisoning,
and the effects of certain drugs, antipyretics, salicylates, pilocarpine, ete.
The presence, that is, of certain products of abnormal metabolisin and
cell disintegration on the one hand, and of certain exogenous chemical
bodies on the other, set up an increased discharge of polymorphonuclear
cells from the bone-marrow into the blood.

(b) Eosinophilia.—A distinct relative increase in the eosinophiles of
the circulating blood is seen (1) in the majority of cases of helminthiasis,
i. e., of the existence of parasitic worms in the economy (vol. i, p. 349);
2) in a group of irritative skin diseases (pemphigus, dermatitis herpeti-
formis, ete.); (3) accompanying myelogenic leukemia; (4) in bronchial
asthma, and to a slight extent in a variety of conditions which it is diffi-
cult to correlate: certain malignant cases of neoplasia, ovarian disease

where non-malignant and  non-suppurative), and postfebrile con-
ditions.

We know little regarding the significance of the eosinophiles. T'he
larger oxyphile granules recall strikingly the granules of gland cells, but
the observations of Kanthack and Hardy. to the effect that these may be
actively excreted, are strongly contested by most hematologists, although
we personally arve prepared to aceept the statements of these most
accurate workers, They certainly play a part in the early stages of
acute inflimmation, being the first cells to be attracted; they aceumulate
in the omental vessels in cases of peritoneal inflammation; and very
possibly the eosinophilia of diffuse cutaneous irritative lesions is of the
same local type, 7. e., a determination of cosinophiles into the vessels
of the inflamed areas,

(¢) Lymphocytosis. —Actual or relative increase in the lymphocytes of
the blood is seen:

1. In many diseases of young children, notably those affecting the
wastro-intestinal tract, It will be recalled that the infant shows a marked
relative and absolute lymiphocytosis.  "This is doubtless associated with
the greater relative amount of lymphoid tissue in the young individual,
which continues into childhood, and is especially marked in the intestinal
and mesenteric lymph-glands, so that irritation of this group of glands
more especially is accompanied by a greater discharge of lymphocytes
into the blood

2. In septic and other conditions in the adult, characterized by exces-
sive enlargement of more than one group of lymph glands.

3. In whooping cough. IHere the lymphocytosis is almost pathog-
nomonic. A lymphocytosis of 20,000 and more is very: frequent, and
cases are on record of counts in the neighborhcod of 100,000 (Steven
Cabot),

L. In debilitating disease —scurvy, rickets, chlorosis, and various
cachexi Here the lymphocytosis is generally of a moderate grade,

In all the above cases we deal with the normal small lymphocytes,

VoL, 11—7
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(d) Leukemia.—We have in our first volume given our views regard-
ing the relationship of the leukemias to simple hyperplasia on the one
hand and neoplasia on the other. Here, we must briefly indicate the
main features of the leukemic state, and the effects upon the organism.
By leukemia, as distinct from leukocytosis, we signify not merely the
excess of leukocytes in the blood, but the sum total of the disturbances
which accompany the continued presence of a great excess of such leuko
cytes, Wedo not employ the term when the number is below 15,000;
indeed, when the excess is below that figure the syndrome of disturb-
ances is searcely recognizable. That it must have a beginning at an
earlier period is obvious, but in general it is either progressive weakness,
or the detection by the patient himself of a greatly enlarged spleen that
first leads to an examination of the blood and recognition of an already
advanced conditi And then one of two orders of disturbance is to be
made out; either a great excess of myelocytes or of lymphocytes in the
blood.

Myeroaenic Levkemia.—Myelogenie leukemia is a disease affecting
the male more often than the female, most often in early adult life,
and showing itself especially by disturbances of the blood-forming
organs and the results of the same. Those blood-forming organs, to
repeat, are the hone-marrow, and, under pathological conditions, the
spleen, liver, and lymph-glands, and all these may he involved, although
the extent of involvement varies in different individuals. ‘The bone
marrow would seem always to be affected, exhibiting a replacement of
the fat by hyperplastic gray marrow, in which cells of the myelocyte
type preponderate, with transitional stages from myeloblast through
myelocyte to the nentrophile leukocyte. Eosinophile cells may also

encountered, erythrocytes and nucleated red corpuscles, along with
distinet increase in the number of giant cells (megacaryocytes).  Lym-
phocytic elements are relatively rare.  Normally, the spleen after birth
shows little evidence of myelocyte formation, but now it is pronounced,
so that this organ takes on very much the appearance of the lymphoid
Malpighian bodies.  All the orders of cells seen in the lenkemic marrow
are encountered in this organ, which undergoes an enormous over-
growth, so that at times it may extend down to the pubes, still, however,
retaining its shape and general proportions.  In the more chronic cases
there is in addition an extensive fibrosis of the organ. Like the spleen,
the liver is actively involved in blood formation during antenatal life,
and now it may revert to its foetal activities, Regarding this there is
still debate; many authorities hold that the great size of the organ and
the appearances seen on section are due entirely to accumulation in the
capillaries of cells conveyed from the spleen, and that the atrophy of
the liver cells (which may be so extreme that considerable areas are
encountered showing nothing but myelocytes) is due to the engorgement
of and pressure exerted by the distended capillaries. Others see an
activity on the part of the vasenlar endothelium, leading, as in the embryo,
to a production of myelocytes and megacaryocytes both inward into the
vessels and outward to form an extravascular accumulation. To
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explain this divergence it must be recalled that not all parts of the hemato-
poietic system are necessarily involved at the same time and to the same
extent, and thus it happens that in many cases the liver takes no
active part.  This organ also may attain great size. The lymph-glands
are, as a rule, only moderately involved. Often, save for some accumu-
lation of myelocytes in their vessels, they are normal; but occasionally
some undergo the changes which make them closely resemble the modi-
fied bone-marrow and spleen.  Accumulations of the modified leuko-
cvtes may fill the capillaries in the lungs, kidneys, myocardium, and other
organs.

The diagnostic feature is, however, the blood. Here the average
number of white corpuscles is between 400,000 and 500,000 (Cabot),
varying from 60,000 to as much as 1,500,000 per c.mm. The increase
involves all the orders of white corpuscles, the most striking increase
being in the myeloeytes, which may constitute about one-half the total,
and the polynuclears, constituting almost the other half. There is a
well-marked eosinophilia (but this relatively slight as compared with the
increases above noted); an increase in the number of mast cells (coarsely
granular basophiles), and though proportionately they are greatly dimin-
ished, the number of lymphocytes is actually greater than that found in
normal blood.

\s regards the red cells, until the final stages, there is usually only a

ght diminution to not less than 3,000,000, Toward the end the dimi-
nution becomes much greater, and with this there may be poikilocytosis
with presence of nucleated reds, We have indications, in short, of a
profound hyperplasia, affecting especially those myeloblasts which give
origin to the polynuclears, and in their proliferation are discharged
as immature myeloeytes. Simultaneously the other elements of the
marrow tend to proliferate; hence, the eosinophilia, the nucleated reds,
and somewhat increased discharge of lymphocytes,

T'his great increase in the large myelocytes leads to accumulation of
the same in the organs possessing finer capillaries, and brings about both
local maloutrition, through clogging of their channels, and general slow-
ing of the circulation.  Actual emboli may thus be formed. The accom-
panying reduction in the erythrocytes also favors malnutrition. These
alone or combined may explain the dyspneea, weakness, and moderate
wasting characteristic of the disease, as again the epists retinal and
other hemorrhages, and the persistent priapism occasionally encountered.
But if there be increased production of leukocytes, there are also well-
marked indications of increased destruction, foremost among which
we to«day place the excessive discharge of uric acid through the kidneys
due to the disintegration of the nuclei of the destroyed cells, We know
of no microbie or other cause of the disease, and to the liberation of the
products of cell disintegration may possibly be ascribed the fever present
in practically every case. The course of the disease is distinetly chronic,
lasting for from months to several years,

Lyweraric Levkemia.—This condition, again, is more frequent in
the male than in the female, and in young adult life, though cases occur
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more widely distributed from infancy to old age. Unlike the myelogenie
form, this may exhibit an acute onset and course, and we may broadly
distinguish the two types: of acufe, occurring more frequently in the
first thirty years of life, and of ehronie, in the latter half,  Whereas it
is the enlarged spleen that is the commonest physical sign of the former
condition, here enlareement of the lymph-glands is the marked feature;
weakness, dyspneea, maciation, hemorrhages, are common to the two
conditions,

"T'he blood in the chronic cases shows an extraordinary preponderance
of typical lymphocytes—typical, that is, in form, with large, deep-
staining nucleus and small rim of eytoplasm, as again in size. In a large
proportion of the acute cases we meet with cells so atypical, large, with
abundant eytoplasm, and nuclei of irregular shape, and not so deeply
stained, that while in many cases we distinguish transitional forms
between these and the small lymphoceyte, in others, doubts arise as to
whether we deal truly with cells of the lymphoeyte group—whether we
have not to deal with myeloblasts, the non-granular forerunners of the
myeloeyte. It is worthy of note that it may be laid down that the
more acute the case, the greater the tendency for the lymph-glands to
be but slightly enlarged, and for the brunt of the hyperplasia to be found
in the bone-marrow,  We are inclined to the belief that up to the present,
adequate means of distinguishing between the most immature forms of
lymphoblast and myeloblast have not been elaborated, and that in this
class we include the most acute forms of hoth lymphatic and myelo-
genie leukemia.

There is in most cases, both acute and chronie, some enlargement
of the spleen, though this in general is not so marked as in the myelogenic
form; the same is true regarding the liver. A condition peculiar to
this disease is overgrowth of the multiple minute lymphoid collections
in the skin, causing the appearance of multiple small nodules. The
number of circulating leukocytes is, as a rule, not so great as in myelo-
genie lenkemia; the average is in the neighborhood of 200,000, Counts
hetween 400,000 and 1,000,000 are not common,  What is characteristic
is the infrequency of forms other than those above described; the poly-
nuclears are few in number; eosinophiles and mast cells may be wholly
wanting; the basophile myelocytes are either absent or not abundant.

Lastly, these cases are characterized by a more continuons and some-
times high fever (102° to 1042 F.) with severe sweats, so that without
blood examination it is easy to mistake the condition for typhoid, acute
tuberculosis, hepatic abscess, ete,  "I'he condition is most fatal,

What has been said regarding the relationship of the symptoms to the
blood changes in myelogenic leukemia applies to this condition also.

Before leaving the subject it is necessary to eall to mind that simila
hyperplasia of the lymph-glandular system may present itself without
excessive discharge of lymphocytes into the blood (**pseudolenkemia™
or, again, that the blood in the last stages of pernicious anemia may simu
late that of lenkemia, while similarly the last stages of myelogenic
leukemia may be accompanied by so great a destruction or lack of
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production of erythrocytes as to bring about a condition much resem-
bling pernicious anemia,  With Cabot, we regard one or other of these
conditions as explaining the condition of lewkanemia of Leube' and
other recent write

Regarding pseudoleukemia, Hodgkin's disease, chloroma, and lympho-
sarcomatosis, the reader is referred to our first volume (pp. 737-743).

THE BLOOD PLATELETS.

If only because they play so important a part in the process of throm-
hosis, it is necessary to have a clear understanding regarding the blood
platelets, or, more accurately, regarding what is known concerning their
origin.  Apart from this, with the advent of the Romanowsky stain and
its modifications, they have of late years come in for increasing recogni-
tion. There is no longer any disposition to regard them as artefacts,
but there is still dispute as to their exact significance and as to their
unity or 4||n|lil_\’.

'l"hv_\' are small bodies of varying size, in general about 2y in diameter,
oval or pear-shaped, evidently labile, and varying in shape with slight
compression by neighboring cells or platelets, tending to be present in
smears in small groups (possibly as the result of rapid agglutination in
the shed blood).  They are non-nucleated, although containing often
fine, central granules, which assume a redder tint with the Romanow-
sky stain in contrast to the bluer groundwork. Pratt’s careful studies
show that they are present in the normal blood in greater numbers than
the leukocytes, although the number shows wider variation—from
200,000 to 700,000 per e.mm.  Since their discovery and the early papers
by Hayem, Bizzozero, and Mrs, Ernest Hart, there have been very
various views regarding their nature and mode of origin: (1) That
they are precipitated globulin (Lowit, Wooldridge); (2) that they are
products of disintegration of white corpuscles (Lilienfeld, Zenker, and
others); (3) that they are given off from disintegrating red corpuscles

Mosso, Klebs, Arnold, etce.). The exquisite preparations made by
J. L Wright, of Boston,* demonstrate without possibility of doubt that
some at least of the platelets, and those most typical, are normally derived
from a particular order of cell, namely, from the giant cells (megacaryo-
cytes) of the bone-marrow, These cells give off processes projecting
into the lumina of the capillaries, and it is the distal portions of these
which become liberated into the blood as platelets.  As such they may,
as Schimmelbusch was the first to demonstrate, retain some power of
ameeboid movement, but the mode of their development sets at rest the
debate as to the nature of the central staining granules; they in no sense
represent a nucleus,

The important question still to be determined is whether all the

' Deutsche Klinik, 1902, No. 42,
* Unfortunately, the photographs which illustrate his paper are not worthy of the
preparations, and do not carry convietion,
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blood platelets have this one mode of origin; and this is far from settled.
That the leukocytes play any part in their production must, we think,
be put on one side, although certain of the smaller “dust bodies” to be
presently referred to would seem to have this origin. Their origin from
erythrocytes cannot be so easily dismissed. Some would urge that there
exist blood platelets proper, and other bodies, derived, it may be, from
red corpuscles which are not platelets, But this cannot be seriously
defended. The blood platelets, it has to be admitted, are very variable

variable in size from 1 up to half the diameter of a leukocyte; some
have the central granules above described, others show more, and where
granules are present they vary in amount and in position; most contain
no hemoglobin, others have a hemoglobin tint. Now, it has been shown,
more particularly by Arnold, that under conditions of intravascular and
extravascular clotting the disintegration of the erythrocytes leads to
the appearance of bodies which by no ecriterion can be distinguished
from the platelets of ordinary blood. They may originate as discharged
endoglobular bodies, which by diffusion soon lose their hemoglobin,
by plasmorrhexis (detachment of peripheral nodular projections), or hy
plasmoschisis (whereby the whole body of the corpuscle breaks up
into oval bodies which become separate platelets).  Appearances
which in our opinion can only be attributable to this breaking down of
the erythrocytes are frequently to be noted in connection with thrombi
of the smaller vessels (e. g., of the liver), and if we do not accept these
products of erythrocytic disintegration as platelets, then we are placed
in the dilemma of regarding the process of thrombosis as due in a
notable proportion of cases not to blood platelets proper, but to a con-
glutination of bodies which are not blood |x|:|lt'l|-(~', but simulate them
in shape and properties. In short, we come perilously near occupying
the position of the student who held that the Iliad was not written by
Homer, but by another man of the same name. It is simpler to admit
that the products of disintegration en masse of more than one order of
cell afford bodies having the nature of blood platelets,

We must admit that in pernicious anemia the platelets are frequently
(though not always) diminished in number, and that here there ha
been observed a lack of giant cells in the bone-marrow. In purpura
they have at times been found completely absent. We know of no
observations on the marrow giant cells in these ca They are dimin-
ished also in typhoid—but increased in myelogenic leukemia, and in
pneumonia,

DUST BODIES -HEMOCONIA.

Still smaller bodies or particles are to be recognized in the normal bloo

1 g and less in diameter.  "To these H. F. Miiller has given the nam
of dust bodies, or hemoconia, The observations of Nicholls' and other
indicate that these also are the products of disintegration, more par
ticularly of the erythrocytes.

! Trans Royal Soe. of Canada, 2d series, 11, 1905, see 4:1




CHAPTER V.
IHE LYMPHATIC SYSTEM-—(EDEMA

Recent observations have very materially altered our conception of
the finer anatomy of the lymphatic system, and, with this, have, of
necessity, modified the conditions which have to be taken into considera-
tion in formulating our views regarding both lymph formation and the
disturbances in the amount of lymph present in the tissues of the
hody., So recent are these observations that time has not yet been
afforded for experimental review of the older hypotheses in the light of
this newer knowledge. It is impossible, therefore, to write in other than
a very tentative manner about what, from a pathological point of view,
is the most important morhid state directly dependent upon alteration in
Iymph production and lymph discharge, the state, namely, of cedema.

The older, long-accepted view was that the lymphatic system had
its origin in the intercellular spaces of the various tissues, and that
these “lymph spaces™ opened freely into an arborization of lymph
channels, which differed from the ‘s in being of a definitely tubnlar
nature, and, like the blood capillaries, lined by an endothelinm.  The
careful studies of, more particularly, W. G. Mac( ‘allum and Florence
Sabin seem to demonstrate conclusively that the system of lymph
vessels has arisen |v_\' i process of budding from the veins, and that
it remains distinet from the system of intercellular lymph spaces—as
distinet, that is, as are the blood capillaries. 1t follows, therefore, that
in discussing lymph formation in, and lymph discharge from, any region,
we have constantly to keep in mind not merely the mechanisms whereby
fluid passes out of the bloodvessels into the tissues, but, in addition, those
controlling the passage of fluid from the intercellular lymph spaces into
the lymph vessels, We have to recognize thus (1) blood plasma, (2)
intercellular lymph, (3) lymphatic lymph.

Doing this, we immediately find ourselves in an impasse so far as
regards the establishment of hypotheses on the basis of exact data; the
ultimate lymphatic vessels and the lymph spaces are of microscopic
dimensions; in other words, no sure method has as yet been devised
whereby to collect intercellular lymph; we cannot introduce the finest
cannula into the tissues without breaking into lymphatic vessels; and
so cannot compare lymphatic lymph and unmixed ntercellular lymph
formed at the same time, "This has been abundantly determined, that
the fluid obtained from a larger lymph vessel, from the thoracic duct,
or one of the vessels of the extremity of the neck, differs materially in the
relative amounts of its component constituents from the blood plasma,
There is variation, even if slight, in the percentage amount of the most

4
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soluble inorganic sa We have not, therefore, to deal with the simple
leakage of fluid from one set of vessels into the other. But what is
the nature of the process or processes of lymph formation is still a matter
of keen debate.  On the one hand, we have the upholders of the purely
mechanical theory, first clearly formulated by Ludwig; those who hold
that the laws of filtration, diffusion, and osmosis are adequate to explain
the variation in the amount and composition of the lymph discharged
from a part under varying conditions; on the other, those who, with
Heidenhain, urge that while the known physical laws in part determine
the production and constitution of lymph, there are alterations in amount
and constitution which cannot be brought into harmony with the working
of those laws. These workers demand a certain selective capacity and
activity on the part of the capillary endothelinm, determining to some
extent the amount of at least some of the constituents of the blood men.
which is allowed to escape from the capillaries. The most prominent
supporters of the mechanical theory at the present time are Starling'
and Cohnstein; of the opposed view, are Asher, Hamburger, Lazarus,
Bariow, Meltzer, and Carlson,  These observers, it is true, differ among
themselves as to cells mainly involved in the process of |\'In|)|1 formation,
but are members of the “vitalistic” school to this extent, that they are
unable to explain ly “'l’h formation by simple physical principles, and are
compelled to fall back upon more elaborate processes occurring within
the cell as introducing modification in the fluid during its passage
from the interior of the blood capillaries to the interior of the lymphatics,

Here a word is necessary regarding the meaning of “vitalism.”
There are those who, with Haldane and B. Moore, see evidence of the
existence of “hiotic energy,” of energy associated with and determining
the activities of livirg matter, distinet from other forms of energy,
This view necessitates the fatalistic attitude that vital phenomena i
beyond a certain point, incapable of explanation by the orcinary laws
governing matter in general.  With this view we have absolutely no
sympathy. Al that Heidenhain meant, and laid down with precision in
his opposition to Ludwig, was that processes are undergone in the living
cell which, while governed by the ordinary laws of physics and chemistry,
are nevertheless so unnplu‘uul that hitherto we have been unable
to follow the successive forees acting upon the assimilated molecule in
its passage Ilunngh the cell; that the simpler processes of diffusion,
osmosis, and filtration are at work, but are not everything. According
to this view, it is quite possible that further research will throw light upon
the nature of the intracellular forces. To this extent, and this extent
only, with Heidenhain and Meltzer, we class ourselves with the vitalists,

' The elearest statement of the mechanieal theory is afforded by Starling (Arris
and Gale Lectures, Laneet, London: May 9, 16, and 23, 1906): a thorough and
impartial eriticism of all the theories up to date is given by Meltzer in the Harring
ton Leetures on (Fdema, Ameriean Medicine, 8:1904; Nos, 1, 2, 4, and 5. This
latter is the fullest recent study on the subject, and is provided with a rich bibliog
raphy.
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For ourselves we cannot accept the simpler mechanical theory, and this
for the following broad, but we think obvious, reasons, namely, that this
view presupposes that lymph is merely the outcome of the discharge
throngh a single endothelial membrane, the bhlood «-:1|ril|:|r}', into the
lymph channels, takes no adequate account of the influence of the tissue
cells in its composition, and, lastly, fails to explain how the interstitial
Ivmph makes its way into the lymph vessels. ‘T'he problem of lymph
formation in reality consists of three parts: (1) What is the mechanism
hy which certain constituents of the blood plasma pass through the capil-
lary wall? (2) How and to what extent is the interstitial lymph thus
produced acted upon by the tissue cells which it bathes? (3) By what
mechanism does the interstitial lymph gain entrance into the lymphatic
vessels? If for the moment we admit, with Starling, that the first of
these steps is purely a mechanical process determined by the interaction
of two factors, the intracapillary blood pressure and the permeability
of the capillary wall, we still have the other two problems to answer.
Now, as regards the one of these, we are altogether too apt to repeat,
parrot-like, that the tissues are nourished by the blood. As a matter
of fact, save for the vascular endothelial cells, and one or two rare excep-
tions, like the Kupfer cells in the liver, in which tissue cells impinge
.Iir«-vtl) upon the blood stream, the tissue cells are not nourished 1“1'1'('”.\
by the blood, but by the interstitial lymph; the nutritive fluid has to pass
out of the capillaries into the lymph spaces surrounding the individual
tissue cells hefore those cells can abstract from it the particular food-
stuffs needed by them, This demands that the different orders of
cells abstract from the interstitial lymph different orders of substances,
as also that they excrete or discharge into it very varyving products
of metabolism; in short, demands conditions of give and take of so com-
plex a nature that even if broadly, under certain conditions of experiment,
thoracie duet lymph has the character of a filtrate through a semi-
permeable membrane, it cannot, in its finer analysis, conform to a fluid
of that nature, and under normal conditions of moderate flow, must
inevitably depart widely from this type of fluid,

And as regards the last of these 'n'u|nl|'|n~, there are again, it seems
(o us, insuperable dificulties in regarding the eventual lvmph of the
Ivmph vessels as a filtrate or produet of diffusion.  The ultimate lymph
vessels are so delicate that we fail to recognize their existence in ordinary
seetions, even under high powers.  We untterly fail to conceive how the
result of increased aceumulation of lymph in the tissue spaces can result
inan inereased filtration of that lymph into these delicate vessels.  On
the contrary, the greater the interstitial pressure, the greater the tendency
for these delicate channels to become collapsed and obliterated.  And,
as a matter of fact, the extreme tension of the tissues in cases of advanced
anasarca of the lower limbs, for example —a tension so great that the
[ymph is apt to ooze through the deeper layers of the cutis and form
“hlebs” —indicates that this actually h;umn-n\_ But in other cases, as,
for example, in inflammatory eedema, we obtain a marked increase
in the discharge of lymph through the lymph vessels coming from the
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inflamed area. ‘T'he simplest and most rational conclusion to reach
is, that ordinarily the lymphatic endothelium actively absorbs and
secretes the interstitial lymph into the vessels, and that under certain
conditions this secretion is increased. Only in this way can we imagine
an active flow becoming set up within them. And if we are forced to
predicate such powers for the lymphatic endothelium, then, by analogy
we must suppose that the capillary endothelium has powers of a like ord
and, with Heidenhain, must endow this with a certain grade of selective
secretory activity. Indeed, the conception of the tissue cells as nourished
not directly by the blood, but by the lymph, would seem to demand
that the capillary endothelium of the various tissues abstracts particular
substances from the circulating blood necessary for the specific metabo-
lism of these tissues, and passes these into the interstitial lymph, We
cannot, for example, ('oml)relwml the extraordinary passage of fats into
the milk, unless the capillaries of the mammary gland in the first place
possess a selective power,
Under the term wdema we include all abnormal accumulations of
fluid approximating in its constitution to that of lymph, and occurring
in the tissue spaces and serous cavities of the body. T'o these accumula-
tions in different regions special names have been given, and with this
newer knowledge we can divide them into distinet classes:

1. Anasarca, or interstitial cedema, as of the limbs and body wall,
Chemosis is the name given to serous infiltration of the subconjunctival
tissue, (Bdema glottidis, to anasarca of the upper portion of the ryny,

Accumulations in serous cavities, including ascites, involving the
peritoneal cavity; hydrothorax (the pleural); hydrocele (the tunica
vaginalis); hydrocephalus, internal and external, involving the ventricles
of the brain and the pia-arachnoid spaces,
Accumulations of albuminous fluids which, strictly speaking, are

outside the body, 7. ., affect surfaces in direct communication with the
exterior. 'The important example of this form is pulmonary aedema.

A little consideration shows that in these three classes we have three
different orders of accumulations:

ANASARCA,

The essential feature of the anasarcous state is the excessive
accumulation of intercellular lymph. In other words, the discharge
of this lymph into the lymphatic vessels has not kept pace with the
h)rnmtlon of lymph by passage of fluid lhmug.,h the capillary walls,
“xamination of dm]nn «al tissues under the mici roscope shows the indi-
vidual cells composing the tissue widely separated, in consequence of
the intercellular accumulation. What is characteristic is that the lym-
phatic vessels are not obvious. On the contrary, the absence of distended
lymph vessels suggests that the interstitial pressure due to fluid accumu
lation has brought about a relative, or, it may be, a complete occlusion
of the delicate lymphatic channels, and that one of the factors in the
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continuous and progressive intensity of anasarca is this local obliteration
of these vessels. A comparison between sections from simple ana-
saren and those from elephantiasis or macroglossia, due to acquired or
inherited obstruction of the lvmph vessels of a part, shows that we have
to deal with two distinet conditions, namely, of (1) interstitial tissue
accumulation of lymph, and (2) lymphangiectasis, or distension of the
lymph vessels. Even prior to a knowledge of the barrier separating the
Ivmph spaces from the lymph vessels, it had become rmngnl/l'tl that
this latter condition was a separate entity, although it ||.ul been in gen-
eral neglected in the discussion of wedema. In the existence of these
two pathological states we possess the confirmation of the conclusion
reached by MacCallum and the anatomists.

ASCITES AND ALLIED CONDITIONS.

The serous cavities are lined throughout by an endothelinm. It
follows thus that serous fluid aceumulations within them have passed
ihrough not one but two endothelial layers in the process of production.
To this extent they correspond with lymph-vascular lymph.  Here
again we note that there may be pronounced (interstitial) cedema of
the intestines, with little or no ascites, and vice versa.  As to how the
ascitic and pleural fluid gain entrance into the efferent lymph vessels
proper is still a matter of debate.  The more recent teaching is, that
under normal conditions the peritoneal cavity is closed off from the
underlying efferent lvmphatic channels, and that an endothelial layer
covers over the apparent ostia.  We find it difficult to harmonize this
teaching with the abundant injection of the diaphragmatic lymph
channels with red blood corpuscles which rapidly follows the introduction
of blood into the peritoneal cavity, Such abundant passage can only,

hold, be due to the existence of actual stomata, or channels of direct
communication, and we have explained the curious minute hemispherical
pits occasionally observable in plastic exudates covering the dome of
the liver as caused by eddies opposite to those stomata in the diaphragm.
While saying this, we cannot pass over the evidence adduced by Mac-
Callum and others that sections through the diaphragm demonstrate
the presence of a distinet membrane separating the diaphragmatic
mphaties from the peritoneal cavity. The only satisfactory com-
promise would seem to consist either in concluding that under certain
conditions, by retraction or contraction of the endothelial cells constitut-
g or affording the membrane, what had been an intact membrane
becomes provided with a central stoma or passage of direct communica-
tion, or that there exists normally a ¢ mbination of intact membranes
and oceasional scattered stomata.  We confess that the latter view
does not appeal to us; the existence of lining membranes would seem
to predicate a certain selective function and control of the composition
of the efferent lymph; that of course pores or stomata would be dia-
metrically opposed to any such selective action.  On the other hand, the
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existence of potential stomata, which act as weirs, closed under normal
conditions, but permitting the free passage of fluid and free particles
when the intraperitoneal pressure becomes excessive, would seem not
irrational.  We bring these matters forward at this point in order to
indicate that, according to the one view, accumulations in serous cav
are distinet from lymph-vascular lymph; according to the other, the
normal existence of a dividing membrane would indicate that under
more natural conditions there may be essential differences in the com-
position of the two fluids, although, under abnormal conditions, the
contents of the serous cavities may pass unchanged into the efferent
lymphatics.  We regret that in the present state of onr knowle
it is impossible to afford dogmatic teaching on this point. The fact
that in a hydrocele, or in a case of ascites, the fluid may accumulate
until there is very high pressure is not to be bronght forward on one side
or the other; there might be abundant stomata, and nevertheless the
pressure be such as to obliterate the underlying network of delicate lympl:
channels, and thereby arrest the outflow. There is, however, one
striking feature in connection with simple transudates (as distinet from
inflammatory exudates) into the serous cavities, namely, that they con-
tain much less solids than either serum or ordinary lymph, the reduction
being especially marked in albuminons matter.  This in itself may justify
us in considering them as constituting a class apart.

1es

PULMONARY (EDEMA,

There can, however, be no doubt as to the necessity of regarding
pulmonary adema as belonging to a distinet class.  That fluid is always
pouring from the pulmonary capillaries into the alveoli is clearly shown
by the abundant moisture contained in the expired air; the accumulation
of serons fluid in the alveoli is, therefore, only to be regarded as an exay
geration of a normal process.  What is distinetive is that here the acen
mulation of fluid is not interstitial, but is, strictly speaking, external
to the body; the discharge is onto surfaces communicating with the ex
terior. It is not, therefore, determined by any force acting on the capil
laries from without; neither diffusion nor osmosis can be called int
play to determine the discha What is more, the delicate alveola
epithelinm is so directly applied over the capillary network that w
appear to have a relationship similar to that seen in the glomeruli of th
Kidneys, with a practical absence of intervening lymph space betweer
vessel and epithelium,  Here, then, again, we have a different order ol
conditions,

Briefly, while it is impossible not to be impressed by Professor Star
ling’s valiant support of Ludwig’s mechanical hypothesis, a study mor
particularly, of actual clinical cases of cdema cannot but convince
that this hypothesis does not satisfy. Pressure plus variation in per
meability alone will not explain the great varieties of cases in which w
encounter the eedematous state, nor the variations in the constitution ol
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the aedema fluid. Tt will not, for example, explain Leber's experiment,!
in which he showed that the cornea with intact epithelium of the mem-
hirane of Descemet will stand a pressure of 200 mm. of mercury, whereas,
once that epithelium is removed, solutions readily filter through; or
the observations of Tigerstedt and Santesson that the freshly removed
ling of a frog filled with 0.6 per cent. NaCl solution will stand a pressure
of 14 mm. of mercury for several hours without any escape of the con-
tained fluid, whereas the same lung killed by slight heat, or by pouring
in distilled water or (frog’s) bile, at once allows filtration.

Something is necessary to explain the sudden change in the porosity
of these membranes over and above the ordinary physical laws deter-
mining the rate of filtration through dead membranes.

We are apt to regard the endothelial cells of the vessels and eapillaries
as of an extraordinarily low type, as flattened plates of cytoplasm and
little more; on the other hand, we admit freely that bacteria, organisms
much more minute, and of a much lower type of structure, possess selec-
tive assimilative powers. The position is irrational.  These endothelial
cells are nucleated; they are actively phagoeytic; can proliferate actively;
und, as observed in inflammatory states, are acutely sensitive to changes
in their environment.  While
they permit a more active p

Imitting that, other things being equal,
age of plasma under a higher pressure,
md conform in many respects to the laws governing filtration, diffusion,
and osmosis, it must, we think, be concluded that certain substances
are taken up by them selectively, while at times other substances of equal
olubility are not taken up. We feel some compunction in dealing
thus so largely in generalities. ‘T'he subject is most complicated, and
to analyze conscientiously the data at our disposal would consume
more space than we can afford. At most, vapin;,: these views in mind,
ve believe that the different forms of eedema, and the variations seen in
these, become more comprehensible.  These forms are:

I. Congestive (Bdema.—I'his is the commonest clinical type, and
is met with in cases of obstruction to the venous onflow, either local or
general,  The most extensive cases are seen in obstructive heart disease,
In such cases there is (a) increased venous pressure, (b) increase in the
total amount of blood within the vessels, (¢) dilatation of the capillaries
md increased capillary pressure, (d) slowing of the blood stream, (¢)
nereased venosity of the eapillary blood. The increased capillary
pressure is here not the sole factor. Thus, wdema does not ensue if
the main vein of a limb be ligatured in a healthy animal. Again, the

wiation in albuminous contents is too great to be ascribed to mere
lifference in the permeability of the capillary wall. ~ As shown by Reuss,
pleural transudations on the average contain four times as much albumin
15 do those from the subcutaneous tissues, and twice as much as does

citic fluid,  We are forced to the conclusion that the cells in these
liferent regions have a varying sensibility, and are affected differently

Leber, Archiv f. Ophthalm,, 19: 1873: Tigerstedt and Santesson, Bijhang
I\, Svensk. vet. Akad. Stockholm, 11:1886: No 2.
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¢ further be noted that
“tion to one and

by the increased venosity of the blood. Tt ma)
there are pronounced individual differences in the re:
the same lesion. Thus, long-continued mitral stenosis commonly
results in pulmonary wdema; we have, nevertheless, encountered two
cases of this dise in which, with extreme anasarca and ascites, there
has been inconsiderable hydrothorax, and the lungs have been devoid
of serous effusion.  Cases of advanced anasarca with little or no ascites,
and of the converse condition, are far from infrequent.

2. Lymphatic Obstruction. —I'he accumulation of fluid in the spaces
of the body is dependent on the interaction of two factors—the rate
of discharge of fluid from the bloodvessels and the rate of removal.
If the latter be less than the former, then an aedematous condition must
develop.  We should then expect a priori to find that lymphatic obstruc-
tion is a potent canse of wdema. But this is not the case. The main
lymphatics of a part may be ligatured or compressed, and yet, as a rule,
no wdema oceurs.  Even when the thoracie duet is ligatured, ascites
may develop, though slowly, yet, as Cohnheim showed, adema does
not result.  “I'wo factors are responsible, namely, the existence, in many
cases, of abundant collateral channels, and the reabsorption of the
tissue lymph into the bloodvessels.  And the latter would seem the more
important —so important, in fact, that we seem justified in regarding
the lymph channels not as the prime, but as an accessory factor in tissue
drainage, with the additional function of removing selectively certain
products of metabolism.  Even during the process of bleeding an animal
to death, the last portions of blood are much more watery than the first,
a fact which can only be explained by the passage of tissue fluid into the
cireulation through the capillary walls,  And as shown by Roy and Lloyd
fter less extreme hemorrhage, the specific gravity of the tissues

Jones,
hecomes rapidly raised, that of the blood diminished, The exchange
of fluid between the surrounding tissues and the blood may, nay, must,
be most considerable.  "This, first demonstrated by Magendie, has been
convincingly shown by Starling and Tubby."  Methylene blue or indigo
carmine injected into the pleural cavity appeared in the urine within
five minutes, whereas the lymph presented no trace of coloration for
another twenty minntes, or it might be two hours.  Lymphatic obstruc
tion alone is thus little likely to cause avdema. It is true that occasionally
we meet with this condition following obstruction; thus, secondary cancer
of the axillary glands, with the not infrequent extension of the malignant
growth along the lymph channels, or extensive removal of the axill
lymphatic chain, may be followed by adema of the arm.  But this is
not a necessary outcome, and where it occurs we must conclude that
hydremia, or a toxic condition of the blood, with altered state of the
capillary endothelium, is superadded.

As already noted, where there is lymphatic obstruction there the
vessels behind the obstruction are apt to become dilated; and from these
dilated vessels it is evident that fluid may escape into the tissues an

' Jour. of Physiol., 16: 1804: 140,
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spaces of the body. Thisis often to be determined where there has been
cancerous or tuberculous growth involving the region of the receptaculum
chyli.  Radiating from the affected area are distended lymph vessels,
or white streaks, filled with semisolid inspissated lymph, consisting of
fat droplets and cell debris. "T'his, it may be noted, only in the upper
abdominal avea; to our knowledge, this inspissation is never encountered
in cases of lymphangiectasis of the limbs or face—a further evidence of
the selective activity of the lymph-vascular endothelium.

Chylous Ascites. - Did the lymph vessels communicate freely with
the tissue spaces, we should expect ascitic fluid to approximate in
composition to the chyle in the abdominal lymphatics; but this is
notoriously not the case under ordinary circumstances.  Under abnormal
conditions we obtain this approximation. A condition of true chylous
ascites is found in cases of rupture of the receptaculum chyli, the fluid
affording, upon analysis, a relatively high percentage of proteins and
fat, the latter, though small in amount, giving it a milky appearance,
Rupture of the thoracic duct may similarly lead to chylous hydro-
thorax (of the renal or bladder lymphaties in filariasis and other states,
to chyluria). ‘The thoracie and plenral accumulations may oceur not
only through tranma, but through inflammatory erosion, or sometimes
as the resnlt of obstruction and dilatation,

Chyliform Ascites. —'I'he above condition is with some difficulty to
be distinguished from one seen oceasionally in low forms of serous
peritonitis, most frequently due to abdominal carcinoma or tuberculosis,
m which the fluid becomes milky from fat liberated by the breaking down
of lenkoeytes and endothelial cells which have undergone fatty degenera-
tion. "The percentage of fat is in general high (as high as 6 per cent.
in some cases, compared with 0.5 per cent. and less in true chylous
ascites),  Sugar and diastatic enzymes, frequently to be detected in
the former condition, are absent in this,

Pseudochylous Ascites.—More frequent than either of these states
is that termed psendochylous ascites, in which the milky fluid simulating
chyle is found to be free from fats. There has been much obscurity
15 to the canse of the turbidity; in some cases it is apparently due to
' in others, it would seem, to partly
lissolved proteins.?  Joachim ascribes it to a combination of lecithin and
Jrse ruln:lll'ill“ll.‘

). Inflammatory (Bdema.—In this group of ademas either we can
recognize under the microscope changes in the endothelial lining of the

wpillaries, to which we ascribe largely the increased transudate (exudate),
by analogy we hold that changes of like order must obtain.  The type

ample is to be seen in acute inflammation. In this, in addition to
rievial and capillary dilatation, the capillary endothelium is swollen
ind more prominent, and there are other indications of alteration in the

he presence of mucoid substances;

! Gourand and Corset, Compt. Rend, Soe. Biol,, 60:1906:23
* Poljakoff, Fortschr. d. Med., 21:1903: 1081
¥ Joachim, Biochem, Centralbl,, 1:1903: 437
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state of these cells, such as adhesion of the leukocytes (suggesting,
as Wells has pointed out, an altered surface tension), and nuclear
enlargement and proliferation.  Associated with these various changes
we find increased pouring of fluid from the tissues along the lymphatics,
higher protein content of the discharged lymph, and increased cell
contents, both leukocytes and, it may be, red corpuscles.  Such modified
transudate is termed an exudate. In constitution it approaches more
nearly to the blood plasma than does congestive cedema fluid. 1t has,
however, to be admitted that in different inflammations we find ev ry
transition from fluid of the one type to the other, and that in practice
it is at times practically impossible to state with precision whether we
deal with a hydrothorax, for example, or a mild form of serous pleurisy.

There can be little donbt regarding physical changes in the capillaries
being responsible, to a very large extent, for the increased transudate:
the increased intracapillary pressure, the dilatation and thinning of the
capillary walls, the dilatation of the stigmata of the vessels, or formation
of stomata or passages where the lenkocytes and red corpuscles pass out.
‘hu *h gross openings in the 1.c|)i||1r\' wall, when present, must necessarily

ause the exudate to .||1|nu\|n|.|h- in unnpmlllnn to the blood |>|.|\n||
\l the same time, the indications of reactive change in the endotheli:
cells at least suggest the co-existence of some amount of selective activity
on the part of the endothelial membrane, while, at the same time, the
enlargement, nuclear and eytoplasmic changes in the tissue cells of
the inflamed area suggest an altered interchange between them and the
tissue lymph, and that the resultant lymph-vascular lymph is much more
than the result of mere filtration, diffusion, and osmosis.

4. Toxic Edema.— Intimately allied to this last is the group of
toxic cedemas,  As Heidenhain demonstrated, there is a class of sub-
stances which act as lymphagogues, circulating in the blood, s
up increased lymph formation in sundry areas.  Some of these set up
alterations in blood pressure, which may be an important factor hut
others (curare, extract of mussels, crab, ete.) induce Iymph flow in the
absence of noticeable change in the circulation.  The logieal conelusion
is that they act directly on the vasenlar endothelinm of certain areas
modifying its properties, It is the custom to describe these bodies a
having a toxic action; the difficulty is where to draw the line between
stimulation and irritation.  Thus, it may be laid down as a rule that
increased glandular activity is accompanied by marked inerease in lymph
flow. "T'his is notably the case in the liver. It is scarcely to be imagined
that when in the course of its normal function the liver removes dele
terious agents from the portal blood, we are dealing with a diseased, toxic
state of the capillary endothelium.  Rather we must conclude that tha
possesses a selective capacty; that certain substances contained in the
portal blood stimulate it, and that only when these are in excess i
there an overstimulation and toxic state of the cells induced. Whil:
saying this, we have also to recognize that lowered vitality of the endo
thelium is accompanied by increased passage out of fluid. ~ We need onl
recall the difference in transudation between living and dead membrane
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\ well-marked example of this order of toxic wdema is seen in the
so-called ischemic edema supervening after prolonged lowering of
the blood supply of a part after ligature, compression (as by Esmarch’s
handage), or frosthite. In these cases, clearly, the inadequate blood
supply has deleteriously affected the endothelium, and now, upon the
cireulation being resumed, the escape of fluid into the tissues is extreme.,
But, admittedly, it is difficult to determine in every case which of these
two conditions we have to deal with,  Thus, we are still undetermined
where to place one of the most common examples of widespread wedema
and anasarca, namely, the adema of acute parenchymatous nephritis.
This differs from the adema of heart disease in its relatively rapid onset
and in its primary distribution.  "T'hus, a favorite seat for its early appear-
ance is in the loose tissue of the orbit, resulting in a puffiness around the
eves,  Congestion and alteration in blood pressure cannot explain its
development, and  the experiments of Cohnheim and others prove
definitely that mere hydremia will not reproduce the condition.  We
can HIII.\ conclude that in (‘llll\l'l'lll'lll‘t' of the I'1'Il;l| illl'lllll]N'll'lll'l‘ l‘('l‘l:lill

toxie substances circulating in the blood have a more or less specific
wetion upon the vascular endothelium of certain areas.  But what is
the nature of this action we do not know-—whether depressant, lowering
the vitality, or, on the contrary, stimulant, leading to the active absorption
and removal of fluid plus toxie substances from the blood stream.
['he matter has to be left sub judice.

5. Neuropathic @Edema. Iere, in connection with dema, as
with inflammation and so many other processes, we find that nervous
influences alone can set up disturbances of the same type as those due
to local irritation.  We may encounter (1), as we have already pointed
out (vol. i, p. 419), a collateral or sympathetic aedema in the areas inner-
vated from the same region of the brain or cord as that controlling a
focus of acute inflammation; or (2), in association with definite nerve
lesions, may find cedema of particular fields of nerve supply, as in
herpes zoster, - But in addition to these, and unassociated with any
ipparent inflammatory disturbance, we meet with a remarkable series
ol angioneurotic edemas exhibiting sudden and acute pouring out of
[uidd into particular areas, for which we can aseribe no cause other than
iervous influence upon the vessels of the part. It is true that the line
listingnishing these from the urticarias of cases of idiosynerasy is not
dways easy to draw.  In the latter the exhibition of certain foods, even

minute amounts, leads to local ~ascular disturbances with infiltration

dsubentaneous  or submucous swelling.  Underlying this there
seem to be a nenrotie influence, though the suggestion has of
e received eredence that, as in serum sickness, some substance
esent in the cireulating blood in minute quantities has a specific
mphagogne action upon the endothelinm of the vessels of particular

s, But as in hay fever, and in those severely affected by the mere
csence of a eat in their neighborhood, acute local eedematous condi-

may be induced by influences acting through the respiratory
fem which it is difficult to attribute to any but pure reflex nervous
VoL, 1 S
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influence, with vascular instability of particular regions.  An important
group of spasmodic asthmas would seem to come into this category,
at least in part due, not merely to constriction of the bronchial muscula-
ture, but also to sudden congestion and a«dema of the bronchial mucous
membrane. It would thus seem necessary to distinguish a class of pur
angioneurotic (edemas from that of the idiosyneratie cedemas of what,
failing a better term, we must still refer to as toxie in origin,

Urticaria factitin (angloneur Hyde and Ormsby

. Hydrops ex Vacuo.Lastly, reference must be made to
condition in which, with atrophy of tissues, there is replacement b
lymphatic fluid.  Practically the only region in which this is recognizable
is in the brain case and vertebral canal following upon shrinkage of tl
brain and cord.  Here clearly the lack of pressure must be the mai
reason why the extravasated cerebrospinal fluid fails to be discharged
into the lymph vessels, and as a consequence accumulates.  Allied 1
this is what we mav term the re /u’:m ment ////.//'u/w. seen in the develop
ment of neerotic and hemorrhagie eyvsts (vol. i, p. 864

From the above recital it is obvious that (1) the time has not vet

arrived to lay down any broadly simple laws regarding the nature

wdema, and that (2) we must recognize a varving interaction of seve
factors—blood pressure and filtration, diffusion, osmosis, the select
activity of the vascular endothelium, the tissue cells, and, it may well b
Mueh has still to be done hef
we can \]n'n'\ with }»uu‘i—lnll of the relative value of these different
agencies.

the endothelium of the lymph ves




; CHAPTER VI
‘ THE CARDIO-VASCULAR SYSTEM.
CARDIAC FUNCTION AND ITS DISTURBANCES.

Embryological Considerations. I'e more important congenital
abnormalities of the heart and bloodvessels will be discussed more fully
later (see pp. 118 and 142). At most, we can here refer to only a
rl‘\\ ":("H'I'ZII ]l"illl‘.

It will not be unscientifie, in view of the close relationship existing
hetween the heart and ves

on the one hand, and the blood, on the
wents as forming integral portions of one
the blood-vascular system, the more so that the
vessels and the contained fuid are derivatives alike of the mesoblastic
laver,  Structural defects in the heart and vessels cannot, therefore,
fail to affect the blood and through it the nutrition of the hody as a
\\II"I“,

other, to conceive of these ¢
functional entity

Conversely, abnormalities in the quantity and quality of the
blood immediately and ultimately profoundly modify the structure and

function of the containing structures.  As an illustration in point, we

n eminent authorities that chlorosis is due
to a congenital stunting of the cardiovascular svstem,

may cite the opinion of ¢

Besides this,
however, we think we must lay some stress on an inadequate blood for-
mation.  As a more remote result of the imperfect nutrition therehy
induced we sometimes get hypoplasia of other parts, the hair and the
genitalia, for example, or even the body as a whole.

of dwarfing has been observed by Gilbert and Rathe
ol u-n:q‘l||l.‘|| mitral stenosis

A moderate grade
' in some cases

T'he partial or complete congenital ocelu-

sion of the vessels springing from the heart and the defects of the
eptum, all of which are not particularly uncommon, have a general
cifect on funetion comparable to inefficiency of the eardiae valves, that

! is to say, hypertrophy and dilatation of the chambers with other more

® remote results, and can profitably be included under our discussion of
the latter conditions later,

Anatomy.—Wemust take for granted a knowledge of the gross anatomy
of the heart, here merely recalling (1) that the weak museular tissue of
the auricles is independent of the strong musculature of the ventricles save
for a small conneeting bundle first noted by Stanley Kent, and later by

vounger His,  As we shall see, this bundle plays an important p;n:l

i the regulation of the heart beat; (2) that the musculature of the
itricles is not entirely independent, there being an extensive crossing
more particnlarly, the outer bundles from the one ventricle to the
her, whereby it comes to pass that the work of the two ventricles must

! Presse Mddieale, May 7: 1900,

st i
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116 THE CARDIAC CHAMBERS

be largely synchronous, and (3) that we have evidence of the existence
of hnlh motor and sensory nerves in association with this organ.  Fibers
pass to the root of the heart from both vagi, others again from the upper
dorsal sympathetic ganglia; and by physiological methods we have
determined the existence and some of the functions of nerve bundles of
different orders.

As bearing upon disturbed function, certain considerations regarding
the physiology of the heart demand somewhat fuller treatment. As
a mechanism for the propulsion of the blood, we chserve in that mechan-
ism (1) chambers for the collection of the blood; (2) the motor apparatus
proper for the propulsion of the blood; (3) valves to determine that the
blood is discharged in a particular direction, so that the heart being inter-
polated in a system of closed vessels, a circalation, and not merely a flow
il“'] 1'llll lif ”I(' Ill”U(L i\‘ :I\'\"”'l"l.

|. THE CARDIAC CHAMBERS.

Applied Physiology. I'he heart is a double pump, each moiety con-
sisting of two chambers, or more aceurately, of an auricular antechamber
leading into the ventricular chamber, or pump proper.  Undoubtedly, the
auricles, through the muscle in their walls, do act as pumps propelling the
blood; nay, more, we possess ample evidence that the normal cardiae con-
traction originates at the venous ostia, where the vene cavae open into the
right ventricle, and that the anrvicular muscle is essential for the due con-
vevance of the wave of contraction from this region to the ventricles.
Further, there is evidence that in certain states the auricular pulse
wave is demonstrable in the arterial pulse, or, otherwise, the effect of
the contraction of the auricular muscle is then sufficiently powerful to
be conveved through the ventricular blood into the column of aortic
blood.  But admitting this, it has also to be admitted that the mus-
cular contraction of the auricular walls is not the dominant force lead-
ing to the filling of the ventricles. 1t is but necessary to observe the
iricles of the exposed mammalian heart to note that their contraction
incomplete; that it does not empty the auricles at each heat.  What

i
is more, we have accumulated inereasing evidence (see p. 124) that

the ventricular expansion is active, and that a large proportion of the
blood filling the ventricles enters it hefore the aurienlar systole ocenrs;
in other words, that systole is not absolutely essential for the  onward
passage of the blood; at most, when through the progressive filling and
expansion of the ventricle the active diastole is becoming weak, the
auricular contraction acts as a final but auxiliary force whereby the intra
ventricular blood pressure is raised, and thereby (we would hold) the auto-
matic or idiomuscular contraction of the ventricular muscle is stimulated
or perhaps, more accurately, the muscle fibers are placed in that fense
state which favors contraction following upon a minimal stimulus
There are, indeed, cases in which obviously the auricles are incapable of
exciting any propulsive action, and, nevertheless, the cireulation continue
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Thus we have seen the left auricle completely filled and distended with
blood clot save for two passages leading from the right and left pul-
monary veins respectively to the ventral orifice. In this case, judging
from the appearance of the thrombus, the auricle must have been out
of action for days rather than hours; nevertheless, the circulation was
o not noticeably impeded.  And, as Hoover points out, there are not a few
cases recorded by veterinarians in which the auricles in the horse have
been found completely rigid from universal calcification.  Thus we are

i
4
i
"
|
|
‘\‘:

SETREI

I npletely filling the left auricle except for two passages; 1 and 3 represent

the channels from the right und left pulmonnry veins

lined to r
wlial collection of blood from the veins prior to the active diastole of
ventricles,  Did these antechambers not exist; did the thin-walled
I collapsible veins open directly into the actively expanding ventricles,
_ i the suction force exerted by the ventricles would tend to approxi-
e the venous walls, and arrest the ecirculation into the ventricles,
¢ collecting chambers prevent any such catastrophe.
Use of the Ventricles.—1'hese are essentially the pumping apparatus
the circulating system, and as such their functions are best considered

ard  the auricles as 1-~~M||i.|||.\ antechambers for the
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under the next heading. Here we would only note that their walls are
far from rigid, but elastic, and that, just as if we attach a weight to a
resting band of muscle, such as the gastrocnemius of a frog, we find that
the band undergoes progressive elongation, so, similarly, if through posi-
tive pressure increasing volumes of fluid seck to gain unimpeded entrance
into the ventricles, or, to express it otherwise, if a column of blood of
increasing length becomes connected with the ventricular cavity, this has
the same result—the resting muscle expands and the chamber undergoes
distension. We shall have more to say regarding this when we come
to consider the subjects of hypertrophy and dilatation.

Abnormalities. —T'he most serious disturbances of the heart, con-
sidered as a series of chambers, occur in connection with certain congenital
vices of development.  Although the heart develops into the two distinet
pumping systems, right and left, already noted, it must be recalled that
at an early stage it exists in the embryo as a two-chambered organ with
a single auricle and a single ventricle. By a very complicated series of
outgrowths there develop septa dividing each of those primary chambers
into two; so that the normal state after birth is that the right heart
is completely closed off from the left. Up to the time of birth the sepa-
ration between the two auricles is wanting to this extent, that there
exists a passage or foramen (the foramen ovale) whereby the blood from
the inferior vena cava (more particularly) crosses the right auricle
and enters the left. In quite a large proportion of cases this undergoes
incomplete postnatal closure; in a few cases it remains widely open;
or there may be yet more incomplete formation of the interauricular
septum.  Inall these cases there is the possibility of minghng of the venous
blood entering the right heart, with the oxygenated blood entering the
left. The same is liable to happen when the interventricular septum
is imperfect.  Yet graver disturbances ensue when, through abnormal-
ities in the division of the originally single vessel of discharge, we gain
a long series of anomalies, from mere narrowing—congenital stenosis
of either pulmonary artery or aorta to conditions of complete ** Rechts-
lage,” in which the systemic arteries are supplied with blood from
the right heart, the pulmonary arteries with blood from the left. These
abnormalities in the growth of the arterial septum downward are very

frequently associated with incomplete development of the interventricular
septum upward, so that there is combined free communication between
the two ventricles, with consequent admixture of venous and arterial

Ill“l"l.
2. THE MOTOR APPARATUS.

Here we deal essentially with the ventricles, and of these, the left
ventricle more particularly concerns us,

Arrangement of the Muscle Fibers.- In the first place, it must he
noted that the ventricle does not contract as a sphere and thus become
narrowed in every direction.  The successive layers of muscle fibers
are so arranged that, with contraction, the length of the left ventricle
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is practically unaltered. The form of this ventricle and mode of con-
traction are such that in systole singularly little internal pressure is
exerted upon the apex. It is a fact which we think is not generally
known that the total thickness of the ventricular wall at the apex of
the heart is little more than one-eighth of an inch. "The arrangement
of the fibers and the mode of their contraction is such that the walls
of the apical half are brought together and the blood propelled upward,
i. e., toward the aorta. Another fact not generally recognized is that
the left ventricle never becomes completely emptied; there is always
left some of what Roy and Adami have termed residual blood. As
may be determined by inserting the little finger through a small slit
in the apex of a large animal that has been curarized, the lower half of
the ventricle contracts tightly round it in systole, but above the level of
the apices of the papillary muscles there is a persistent chamber.

T'wo accessory muscle systems are to be noted, the papillary (Albrecht),
whose function is to keep taut the mitral valve and prevent this from
hecoming everted into the auricle; the fibers from this pass downward,
then laterally and forward and to the surface of the septum; and the
ring musculature (Krehl), controlling the upper orifice of the ventricle.

The contraction of the right ventricle is not so complete; the shape
on transverse section is that of a crescent applied to the more circular
left ventricle. The result of contraction is that the outer wall becomes
approximated to the inner, a process aided by the bands of muscle which
pass across the (';n'il_\.

Nature of the Cardiac Contraction: Systole. Our conception
of muscular contraction is naturally based upon what we know regarding
the contraction of the skeletal muscles.  In them we know that a
nervous stimulus is, under ordinary conditions, the originator of the
contraction, and we are apt to neglect Sherrington’s observation on the
nature of the patellar and other reflexes, that these oceur so rapidly
after the blow that induces them that they can only be explained as the
direct response of the muscle fibers to a sudden strain, and cannot be
of nervous ul'i_\_’ill. Thus it is that the r;n'l_\' view of the eardiac contrac-
tion was that each systole was the result of a nervous impulse.

The Myogenic Theory. -We owe more particularly to Gaskell

ISS3)' the view which prevails to-day—that the cardiac contraction is
automatie, or, more accurately, is myogenic rather than neurogenic,
the musele direetly responding to stimuli, the contraction stimulus
travelling not by the nerves, but along the muscle cells. "Thus, in the
v'lef»l')x», the |>l'in|ili\r' heart is the earliest organ to present active function,
and that long before there is any sign of the development of the peripheral
nerves.  We see it there as a tube bent upon itself, and undergoing rhyth-
mical contraction, contractions which begin at the one end, and continue
154 peristaltic wave to theother.  And still, in the fully developed higher

German writers are apt to give the eredit to Engelmann, whose work was later,
15 also, it may here be noted, they credit His, Jr., rather than the earlier English
erver Kent, with the discovery of the auriculoventrieular bundle,
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‘} animal, it is seen that the wave of contraction begins at the region corre
e sponding with the sinus venosus, or first portion of the more tubular
4 heart of the embryo and of lower forms of life. The earlier difficulty
f ] in understanding the conveyance of the wave from one chamber to the
sence of any muscular band of connection he-

it & other in the apparent al
i tween auricles and ventricles has been solved by the important discoveries
of late years with which one associates the names of Stanley Kent,'
the younger His,* Aschoff and Tawara, l.llung« r,' and Keith and Flack.”

Such band of connection does exist y remarkable character,

Thus, in 1803 the first two of these observers demonstrated the exist-
ence of a peculiar band of fibers of muscular type, which, beginning
apparently in a small node in the wall of the right auricle near the coro-
nary sinus, continues downward into the ventricles. The course of these

ep's hieart: n, nuclei; e, protoplasm; f, striated museular substance

Purkinje's fibers from n sl

| (After Ranvier, Le¢ons d'Anatomie Générale sur le Systime Musculaire, Paris, 1580, p. 300
| &
| ! the band divides into two main branches, one for each ventricle, and each,
; | becoming supe erficial, ramifies in the subendothelia tissue, important
| branches passing to each papillary muscle.  The cells forming these sub-
| endothelial fibers had hitherto heen known as Purkinje cells, and had
i | been regarded as a layer of vegetative muscle cells (Fig. 15).  Whether
{1 there exist two orders of cells in this position, those of the conducting
! ‘» system, and myoblasts, has still to be determined. The cells of this
! system, it may be added, are not ordinary muscle cells—they are rela-

tively large and clear, with only oceasional sarcous elements; they recall,
in fact, cells of a more embryonic type.  More recently Keith and Flack

i have demonstrated a sino-auricular ring or node of cells of similar order
i ' Journal of Physiology, 14: 180
* Arbeiten a. d. med. Klinik zu Leipzig, 1883:21.
‘ | ¥ Das Reizleitung system der Saugethiere, | Fiseher, 1906,
‘ , ¢ Jour. of Exp. Med., 7:1905: 676; sce also Erlanger and Blackman, Amer. Jour.
1§ of Physiology, 19: 1907 1:

| * Journ, Anat, and Physiol. (Proe. Anat. Soe. Great Britain), 37: 1003,
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situated at the opening of the superior vena cava into the right auricle.
The connection of these with the auriculoventricular node has still
to be worked out,

The significance of these observations is shown by experiments in
which (a) the sinus region is by pressure cut off from the auricle,
or (b) the auricles separated from the ventricles. ‘The result in either
case is, at first, arrest of the heart wave beyond the point of stricture.
After a certain period, in the first experiment, the auricles begin to beat
again, but at a rate slower than that of the sinus; and in the second, the
ventricles begin contracting, but at a rate slower than that of the auricles,
or otherwise the individual parts of the heart are capable of exhibiting
automatic contraction, but ordinarily the stimulus to contraction, origi-
nating in the sino-auricular node, 1s conducted to the auricular walls,
thenee to the auriculo-ventricular node, and thenee to the ventricular
muscles,

Before considering the significance of these observations, other charac-
teristies of the cardiac contraction have to be briefly referred to.  In the
first place the heart musele differs from the skeletal in this, that whereas
the latter can be tetanized, the former cannot. That is to say, with
ordinary muscle the state of contraction does not prevent a nervous
clectrie stimulus still influencing the fibers, so that if stimuli be repeated
with sufficient frequency, the muscle passes into a state of persistent
contraction,  T'he heart muscle, on the other hand, exhibits a refractory
stage (Marey), whereby we mean that when once in the state of con-
traction it is refractory to, or uninfluenced by, stimuli, and this state
persists for a certain period.  Associated evidently with this is the further
characteristic known as the law of maximal contraction, that the weakest
stimulus adequate to produce a contraction evokes as powerful a con-
traction. as the strongest (Bowditeh). This, we would emphasize, is
not the same as saying that every contraction of, say, the left ventricle,
is of equal force, There are, as we shall point ont, conditions under
which the refractory period may be prolonged—in which, therefore, the
amount of * contractile material” becomes increased, and the subsequent
contraction is therefore more powerful. It only signifies that this sub-
sequent contraction will be equally powerful, whether incited by a minimal
or a maximal stimulation; that the explosion of the keg of gunpowder
will be equally forceful, whether caused by the scarce glowing stump of
t match or a 2000 volt electric current; the amount of gunpowder in
the keg will, however, modify matters.  According, therefore, to the
myogenie theory, the “explosion™ of the cells of the sino-auricular node

and of the heart musele fibers in suceession—is followed by a period
of resuscitation of the contractile matter, and with this accumulation
the cells become more and more excitable until some stimulus, not
nervous —it may be the strain put upon the cells by the accumulation
il presence of the blood in the auricle—induces another explosion.
Or, again, it may be that the very excitability of the elements which go to
form the contractile material, Is, as they become stored up, to an
wetive rearrangement of these elements,  This is still undetermined.
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The Neurogenic Theory.-Whaut part, then, is played by the nervous
mechanism of the heart, for this, as we have pointed out, definitely exists,
both nerves coming from without, and intrinsic ganglion cells in the
auricular septum and elsewhere.  The vagus fibers, we know, can com-
pletely arrest the heart, but with more moderate power of stimulation
they slow the heart beat, increase the refractory period, so that the
individual contractions are fewer in number, but each individual beat
more powerful, .nlthuu;,h inagiven pvnml the main result is that the work
done by the heart is lessened.  The accelerator fibers, on the other
hand, reduce the refractory period, so that the heats succeed each other
with greater rapidity. At the same time they appear to stimulate the
increased formation of the contractile material, as shown by the fact that
the work accomplished by the heart in a given time is increased. For
this reason they have also been described as augmentor fibers.!

The more recent work of Engelmann® indicates that those nerves may
control the heart work by various means. Thus, he distinguishes be-
tween inotrope influences (cansing change in the force of the heart beats),
chronotrope (causing change in the rate), dromotrope (causing changes
in the rate with which the wave of contraction is conveyed from one
segment of lln' heart to the other), and bathmotrope (« .msnlgnunhlu ations
in excitabili We would add that changes other than nervous may
also affect the heart in one or other of these directions.

As already indicated, the myogenic theory here put forward is still
strongly opposed by not a few physiologists; more particularly
Kronecker and his school have brought forward data which are difhi-
cult to reconcile completely with the theory of muscular convey-
ance of the cardiac wave. Thus, Kronecker and Imchanitzky have
shown that the bundle of His can be ligatured without tlhlurhlng co-
ordination between the auricles and ventricles, and Paukul has demon-
strated the existence of nerve plexuses accompanying the bundle,* and
has found that if these be injured, incotrdination is induced. It is not,
therefore, according to this school, the muscle bundle itself, but the
accompanying nerves that constitute the codrdinating mechanism.

There is a remarkable condition of irregular, independent contraction
of the heart muscle fibers which may be brought about in various ways
in animals of the laboratory. ‘This is known as fibrillation. If, for
example, the anterior coronary artery of the dog’s heart be ligatured, or
puncture made into a particular spot in the interventricular septum
(Kronecker), the heart passes into this state, and from regular contractions
takes on the appe ice of a thin bag filled with actively wriggling worms.
In general this state is not recovered from, and from arrest of circulation,
death ensues. If, now, the heart be treated by a strong fixative agent

! Roy and Adami, Phil, Trans, Roy. Soe,, Lond., 183 B; 1892:190.

2 Arch. . Anat. Physiol (Physiol. Abth.), 1900: 315, and Deutsche Klinik, 4: 1903
215.

¥ It deserves note that Tawara had deseribed the eo-existence of nerve fibers in
the bundles,
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when in this state of fibrillation, Imchanitzky' has shown that the state
of striation in adjoining cells may be sharply contrasted; at one side
of the dividing line between two cells the strie may be widely apart,
at the other close together; the one cell in a state of expansion, the
other of tense contraction. The appearances are certainly not those
we would expect to find were there the conduction of the contractile
wave from one cell to the next in series.  This argument, however, does
not strike us as absolutely convineing, for she admits that there may be
the same sudden change of striation in the course of a single cell.?
On the other hand, the earlier observations point strongly in the direction
of the fine plexus of nerves interspersed through the heart musculature
serving as the main coérdinating mechanism.

T'o reconcile these divergent views, we would again have recourse to

the parg able of the coach .||l<| its horses and the driver (vol.
We cannot but think that under nmnnl conditions the fibers mnrl.nt
under the influence of the “strain” to which they are subjected, although
constantly under the controlling influence of the nerve plexus, which are
to the cells what the reins and bit are to the horses,

Meltzer® points out a possible means of reconciling the myogenic and
neurogenic theories.  Tawara has deseribed in the atrioventricular
hundle the existence of a peculiar mass of net-like structure containing
both nerve cells and nerve fibers (Tawara’s node), while Keith and
Flack have discovered a similar body at the junction of the superior
vena eava and auricle (Keith’s node).  We may suppose that the normal
wave of cardiac contractions originates in Keith's node, and that under
exceptional circumstances Tawara’s node can automatically set up the
ventricular contractions independent of the more proximal sino-auricular
node, or otherwise the contractions originate usually in the heart itself,
hut through the ageney of these nerve-containing centres.

Parenthetically, in this connection, it must be recalled that the heart
possesses also efferent nerves. These are not sensory nerves proper,
in the sense that we normally perceive the effects of their stimulation.
Normally, that is, like other visceral nerves, stimuli do not extend beyond
the cord, or at most the medulla, there setting up reflexes.  Only in
uses of more severe stimulation of certain orders do we in lower degree
obtain a vague sense of discomfort that cannot be accurately localized,
in the higher degree acute pain, which, again, is not sharply localized,
hut is recognized more definitely to be in the cardiac region. What is
more marked in these cases—in angina pectoris, for example—is the
‘referred pain;” pain referred to the areas innervated by the first and
ccond dorsal nerves, to the skin over the upper part ‘of the thorax,
down the inner side of the left arm as far as the elbow, more rarely down

Arch, Internat. de Physiol., 4: 1906: 1. This article gives a resumé of the liter-
ture on this subject.
I'he same phenomenon has been observed in human hearts exhibiting fragmenta-
n; it may be the indication that in these cases death has been due to the heart
uming the state of fibri

* Medical Record, 75: 1909: 873.  An excellent resumé of recent studies.
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hoth arms, or to the little finger or fingers.  As pointed out by Sir Lauder
Brunton, Harvey knew that the outer wall of the heart is insensitive
to touch. It is either anemia of the ventricular muscle, or distension
from within that induces cardiac pain.  The referred pain is an irradia-
tion effect.  Stimulation of the specific ganglion cells in the first dorsal
region, if extreme, causes an overflow to neighboring cells, those associ-
ated with tactile and other cutaneous sensations of the first dorsal area;
and as these have cerebral connections, stimuli proceeding along them
to the brain are referred to the regions they innervate. At most, efferent
ardiac stimuli reach normally the medulla. It may be questioned
whether in cases of sevi imulation we here again deal with irradiation
effects, or whether there is thence a normal ¢ 't path to the cerebrum,
which, being little used, does not, when stimuli pass along it, convey to
us an accurate sense of the locality of the primary stimulation, The
majority of patients, for example, cannot surely determine whether they
experience cardiac or gastric pain.  These considerations apply not only
to cardiace pain, but to visceral pain in general,

Diastole. —Although, as we have pointed out, the properties of the
cardiac muscle fibers differ in important particulars from those of ordinary
striated muscle, it is, nevertheless, natural that our conceptions of their
mode of action are based upon our knowledge of that of voluntary muscle,
Hencee, as it is firmly fixed in our minds that muscular contraction alone
is an active process, relaxation being passive, for long the tendency has
been to regard diastole as passive, as a mere act of relaxation.  For
long there have been observations known opposing this view, such as the
evidently forcible rounding of the ventricles in diastole, when the living
and beating heart of an animal is held between finger and thumb, an
expansion too forcible to be explained by the internal blood pressure
or by elastic recoil.  So long ago as 1885 Pawlow demonstrated that
in the fresh water mussel there exists a muscle which expands on stimu-
lation, contracting when that stimulation is removed. It has, however,
been difficult if not impossible to demonstrate the active nature of
muscular expansion in warm-blooded animals.  And so it follows that
the negative pressure which can often be determined in the ventricular
cavities of the mammalian heart under experimental conditions has been
aseribed to the elasticity of the heart wall, the general negative pressure
of the thoracic cavity during inspiration acting as an adjuvant.

Under ordinary conditions of experiment . g., in Rolleston’s valuable
studies upon the intraventricular pressure—it is difficult to demonstrate
this negative pressure as constantly existing during the diastolic phase,
and that becaunse, coincident with the expansion of the ventricles, the
blood pours into the ventricles under definite positive pressure; it is
only when this flow becomes slowed that, prior to systole, a brief period
of negative pressure shows itself on the curves.  Recently, Stefani,'
working under Luciani, has placed the existence of active diastole beyond
reasonable doubt.  Enclosing the dog’s heart in a cardiometer or box,

! Luciani, Physiologie der Menschen, 1: 1905,
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such as that employed by Roy and Adami, he found that the heart
was still able to propel the blood into the aorta when the pericardial
pressure (4. ¢., the pressure of the fluid within the box enclosing the heart)
was 25 em. HL,O higher than within the cava, i. e., within the right ven-
tricle.  Further, when the pressure acting upon the heart from without
was so inereased that no blood entered the heart, and none, therefore,
passed into the aorta, stimulation of the peripheral end of the cut vagus
led to the appearance of an aortic wave. Evidently, therefore, vagus
stimulation increased the active expansion of the ventricles, permitting
blood to enter their cavities, which blood became expelled in systole.
The heart, therefore, is not merely a force pump, but is also a suction
pump, and in both ways brings about the circulation of the blood.
I'rom a |n|l||n|u;_(i(':|| point of view these observations are of importance
as throwing light upon its action in cases of circulatory obstruction.
The Il)l)(‘l‘[l“)llll)' that occurs in these cases, it is sug rested, is not ulll) due
to increased work in propulsion, but also to increased suction in diastole.
We thus gain an explanation, hitherto wanting, for the not infrequent
cases in which uncomplicated stenosis of the mitral valve is accompanied
by hypertrophy of the left ventricle. 1f systolic effort alone induced
overgrowth, then, less blood reaching it through the narrow valve, that
chamber shonld remain small, but as above noted, that frequently is

not the case.

Here must be called to mind the similar indication of active dilatation
of the muscles of the arterial wall. The well ascertained existence of
vasodilator nerves, which on stimulation cause enlargement of the
wrterial lumen, in contrast to the vasoconstrictor fibers, can only mean
that dilatation of the muscle fibers is an active process. Here, it is true,
we deal with non-striated muscle fibers, but in their relationships these
ire strictly homologous with the cardiac muscle, which we must regard
15 a highly differentiated development of the muscle layer of one part
of the hemal tube. With Sir Lauder Brunton' we may assume the
existence of two orders of contraction on the part of these muscles, (a)
longitudinal contraction, leading to a shortening of the long diameter,
i (b) transverse, leading to a lengthening of the same.

Arrhythmia.—For us the main significance of these recent develop-
ments of the myogenic theory is the light they throw upon various

rders of cardiac irregularity. It cannot be said that we as vet have
fully solved by any means all the problems which these cardiac irregular-
ties present,  There are still those inclined to uphold the pure neuro-

cnic or the pure myogenic theory of origin of many of these states,
[ut if what has been laid down in the previous volume be kept steadily

mind, namely, that analogous series of reactive phenomena may
present themselves, set up by the direct action of noxwe upon the tissues

il by nervous influences respectively, as demonstrated by theexistence

[ neurogenic and “referred” inflammatory disturbances, and of neuro-

cnie hyperpyrexia, then, applying the same consideration to the heart

! Therapeutics of the Cireulation, London, J. Murray, 1908: 43,
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action, we can harmonize what appear to be absolutely contradictory
findings.  Of these arrhythmias six types are to be recognized:

(1) Respiratory.—It is a very old observation that the rate of the
pulse is accelerated with inspiration, slowed with expiration. At times,
in neurasthenia, those recovering from acute infections, cte., this differ-
ence in rate is greatly exaggerated, the pulse during inspiration becoming
so rapid and the heart beats so small as to be scarcely recognizable,
Mackenzie' ascribes this to pressure influences acting upon the sinus, or
as we may express it, to excitability of Keith's node.

(2) “Extrasystolic.” — Experimentally upon the hearts of animals of the
laboratory, working regularly, it is possible to interpolate extra contrac-
tions orsystoles,and where this is done by ventricularstimulationitis found
that (1) this interpplated beat is smaller than normal; (2) that it is followed
by a longer diastole, and this (3) by a systole more powerful than usual
in such a way that the diastole before the extra beat and the compara-
tively lengthened post-systolie period together equal in length two dias-
toles, while it may be suggested that the small extra systole and the
following delayed systole together in effectiveness correspond to two ordi-
nary beats. I the conditions of pulsus bigeminus, pulsus trigeminus,
ete., we have indications in man of the existence of this extra systole,
and this is the most common type of cardiac irregularity.  What is the
meaning or the cause of this extra systole is still an open question. For
ourselves, studying a large series of tracings, we cannot but be impressed
with their resemblance to interference curves, namely to the interfer-
ence between two series of waves of different length and rate.

T'he character of the pulse tracings in this series of cases is, we would
emphasize, that of “interference curves;” it corresponds, that is, with the
orders of tracings that can he obtained by the interference of two sets of
periodic waves of differing wave lengths, with these distinetions (1) that
owing to the law of maximal contraction, where the waves angment
each other, i.e., when the upstrokes of the two coincide there is no
summation; and (2) that the existence of a refractory period following
the wave of the one order prevents the appearance of waves of the other
order timed to show themselves during that refractory period. We have
in the previous paragraphs suggested that these two orders of waves are
the nervous stimuli and the automatic contractions respectively.  There
are, however, difficulties in accepting this view. If the assumption of
the physiologists be correet, that the law of maximal contraction demands
that each contraction of the heart muscle necessitates the explosion or
using up of all the contractile material acenmulated during the previous
refractory period, it must follow that where stimuli of two rates of peri-
odie incidence act on the ventricular muscle, the waves of greater fre-
quency alone will he effective, the other order of waves will make no
impression upon the curves. The very existence, however, of these
irregular curves of heart beat, in which it hy no means necessarily

1 Diseases of the Heart, London, 1908: the fullest study upon this and alliel
phenomena that has yet been published.
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follows that the longer the interval between the beats the greater the
size of the subsequent wave, shows that our ordinary conception of the
significance of the refractory phase is not wholly satisfactory. It is at
least worthy of suggestion that the refractory phase corresponds with
the stage of active expansion of the heart fibers, already noted (p. 124).

If we assume that active contraction and active expansion are under
the control of different nerves (e. g., the accelerators and the vagi,
respectively), then were the stimuli to pass down these nerves to the
ventricular muscle at different rates, we would, it may be suggested,
obtain interference curves of the nature of those observed in this order
of eases.

() Due to Disturbance in Conduction. —Cireat interest has of late been
manifested in cases of what is termed the S Adams syndrome, or
“heart-block.” In this there is a striking lia, or slowing of the
pulse. By fluoroscopic examination, or by simultancous register of arterial
and venous (jugular) pulses, it is found that the ventrienlar beat occurs
only with every other auricular contraction, or, it may be, with every
third or fourth.  Along with this there may be Cheyne-Stokes breathing,
attacks of syncope or of epilepsy, or even apoplectiform seizures.  Since
the publication of Tawara’s paper autopsies upon quite a series of suf-
ferers from this syndrome have recorded the existence of disease affecting
the region of the atrioventricular node, degeneration of the myocardium
and necrosis involving the region, fibrosis and gummas, leading to
partial or complete destruction of the same: conditions, that is, which
evidently have obstrueted or completely destroyed the band of communi-
cation between auricle and ventricle.  They amply explain the lack
of cotrdination between the two sets of chambers,

(4) Of Central Origin.— But there are other eases on record in which
anemia of the medulla or vagus irritation can alone be invoked. Brady-
rdia, or abnormal slowing of the heart beat, and tachyeardia, or abnor-
mal rapidity, may both experimentally be produced by nervous influences
alone. It 15 possible that efferent impulses alone may so depress the
excitability of ventricular muscle that, instead of there being (as in
some cases) simple bradycardia, auricle and ventricle becoming equally
slowed, arrhythmia may be produced of such a nature that only every
other, or it may be only every third or fourth, auricular contraction may
be followed by a ventricular systole.  With Erlanger' we may explain
this as due not to ahsence of stimulus conveyed from auricle to ventricle,
along the “hundle of His,” but as due to the fact that, following a ven-
tricular beat, the contractile material is so slowly accumulated (or the
muscular excitability so depressed) that the next stimulus passing from
the auricles fails to arouse a contraction.  Only with further accumula-
tion of the contractile material will a second or later stimulus, of like
strength, become effective,

Here, the opposite condition must also be noted.  Of this we know
only one instance, observed in our laboratory at the Royal Vietoria

(&1

" Journ, of Exp. Medicine, 7: 1905: 676: and Bull, of the Johns Hopkins Hosp.,
16: 1005 234.




|
|

:
f
)
H
i
!
¢
|
I

THE MOTOR APPARATUS

128

Hospital by Dr. Klotz in the heart of a late patient of Dr, C. F. Martin
~the condition of complete interruption of the bundle of His or con-
ducting system, with, nevertheless, no sign of cardiac irregularity or heart-
block. In this ease there was complete replacement of all the tissues
in the region of the auriculo-ventricular node by a very extensive sarco-
matous infiltration. At most, some scattered and greatly degenerated
fibers were to be detected, which might possibly represent isolated cells
of the system. The patient had for long been bedridden, and as the
Stokes-Adams syndrome is peeuliarly apt to manifest itself after some
act of exertion, it may well be that in this case the ventricles were heating
antomatically, 7. e., had assumed their own independent rhythm of con-
traction—just as happens experimentally and eventually after compres-
sion or destruction of the bundle of His, and, doing this, were able to
fulfil all the needs of the organism.

While everything indicates that the heart automatically may take up
an independent rhythm which results in irregular action, 7. ., that
direct stimuli acting on the ventricular muscle may stimulate the
production of |n-h-|n-|uh nt contractions, nevertheless, the indications
are that very often vagus action is responsible for cardiac arrhythmi
The many years of slml_\ of the mammalian heart by Roy and one of us'
led to the conclusion that the main function of the vagus is to protect the
heart, even, if need be, at the expense of the body in general.  Moderate
vagus stimulation slows the heart beat, the individual beats becoming
stronger, but undoubtedly the work .|('(‘0HI|D|I~|I( « by the heart is lessened

the output of the ventricles in a given time is reduced. Stronger vagus
stimulation actually stops the auricles, and experimentally we can pro-
duce the various grades of (1) temporary complete stoppage of the
ventricles, and so of the pulse; (2) assumption by the ventricles of an
independent rhythm, the auricles still being arrested; and (3) varions
grades of archythmia. It is not that the vagus directly stimulates the
ventricle or auricle to contract; on the contrary, we have evidence that
this wave lowers the excitability of both the auricular and the ventricular
muscle,  Rather along the lines suggested above, we may regard the
vagus as the anabolic nerve, or, at least, as the nerve favoring the
active expansion of the heart musele.  Thus, if stimuli conveyed down
this nerve be sufficiently powerful they may neatralize and overcome
those passing down the atrioventrienlar bundle and favoring contrac-
tion.  And now, when through the action of vagus stimuli there has
been inereased accumulation of the contractile or expansive material
cither a minimal nervous stimulus to contraction may result in a
maximal contraction, or other stimuli, not of nervous origin, may be
dircetly effeetive in cansing contraction.  In other words, according to
the conditions acting upon the heart, so may there be either nervous or
antomatic contraction of the ventricles manifesting itself.  We may thus
lay down that when the ventricles are overworked, as is the case in

Contributions to the Physiology and Pathology of the Mam
. Soes, London, 183 B: 1892¢ 199 to 208,
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beginning failure of compensation, then for self-protection, afferent

impulses from the heart call the vagus heart centres into activity. It is i ’

under these conditions that arrhythmia shows itself. Or otherwise, 180 [

arthythmia is frequently an indication that the ventricles are working 18 4
at the limit of their reserve force, and need vagus assistance in order to ,’ { '

prevent complete cardiae exhaustion.  Further, other reflex ares may i

stimulate the vagus centres. These centres may be acted upon by
emotional and psychic influences, or influences reaching them from the
gastric or splanchnic areas and from sensory surfaces. The analysis
and  determination of the cause in any particular case of cardiac
arthythmia demands, therefore, a wide survey of conditions through-
out the organism.

5) Pulsus Alternans. —Of this and the next form of irregularity of
heart beat less has been determined.  In the pulsus alternans a strong
ventrienlar beat alternates with a weak, with equal intervals between
the beats. 1t oceurs with indications of great cardiac weakness, We i
' have already indicated that in “extra systole” the lengthened diastole is j I

i

1 wsociated with ventricular disturbance.  The want of such lengthening
in these cases suggests that the disturbance originates in the auricle or i$
it Keith’s node,
) Aperiodic Irregularity 'Ilul.vu.v irreqularis perpetuus). -\Iilrka'_\' fi
irregular irregularity is encountered in cases of advanced mitral and
tricuspid stenosis and incompetence.  Mackenzie assumes that there i
ome break in continuity of the conducting paths between the sino-auricu-
lur and the atrioventricular mode. It cannot, however, be said that we
have adequate anatomical or other data upon which to base a conclusion.
The Filling of the Ventricles, and its Effect on the Muscle
Fibers, —Distension, Hypertrophy, and Dilatation. I'he work accom
plished by the heart in a given time is determined by the amount of blood
propelled in that time, and the external (arterial) pressure against which
it is discharged.  And the amount propelled—or expelled—is the product
of the amount discharged per heart beat into the number of heart
beats. The pressure remaining the same, the like amount of work is
weomplished by a rapidly beating heart discharging a small quantity ¥
‘ i blood at each systole, as by a heart beating at half the rate, discharging |
cach time twice the quantity. It will be realized that in those two cases 1}
¢ conditions within the ventricles may be very different, to the extent d
hat the diastolic expansion in the latter case will, in the normally acting
curt, be roughly twice that seen in the former, or otherwise, the muscle )
bers in the latter case have to contract against twice the load, and, in |
istole, expand to a greater extent under this increased load.
I'he physies connected with this aspect of cardiac work are not a f
ttle interesting, inasmuch as they give a clearer understanding of what !
ippens in the not infrequent cases of obstruction to the outflow of blood
from the heart. Here we may, we think, employ safely our knowledge
the laws of contraction of voluntary muscle. The ventricle, that is,
ler its load of blood to be expelled, may be compared with the familiar
troenemius musele of the frog.  If a series of weights be attached to

VOL. 119
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1 such a muscle hanging at rest, it is to be noted that some weights are
1 so small that the length of the musele is not altered; the natural tonus of
’ the muscle is greater than the expanding force exerted by those weights.

With progressively increasing weights, however, the resting muscle
¥ hecomes more and more stretehed, at first with relatively rapid increases

| in length, later as the limit of elasticity is reached, with lessened increment
in length. 'The application of these facts to the ventricle is that, with
't increase in load, even within normal limits, the ventricles show distension,
i and that increase in work per individual systole is accompanied by a
natural distension of the ventricle. In other words, within normal
limits increased work of the heart is followed by increased size of the
organ in diastole. There is a natural distension as distinguishable from
a pathological dilatation.

On the other hand, still considering the gastrocnemius, if we record
the excursion of this muscle when stimulated with the like strength of
electric current, but when bearing a succession of increasing loads,
i we find that the work accomplished by the muscle, . e., the weight raised
multiplied by the distance to which it is raised, is far from being at its

} maximum with the smallest weight. The work done when progressively
I 1 inereasing weights are attached undergoes inerease up to a certain point,
or, otherwise, there is an optimum load which with a given muscle and
| given strength of stimulus leads to the accomplishment of the greatest
1 amount of work. Here the application is that the heart accomplishes
most work not when the arterial pressure is lowest, but under a certain
mean arterial pressure, which of necessity varies with different in-
dividuals and different states of nutrition of the ventricular muscle.
So also it would seem that a certain amount of diastolic stretch of the
muscle fibers, or distension of the ventricles, results in more effective
contractions, 7. e., in the expulsion of the greater amount of blood as the

3 result of individual contraction,

Or we ean approach this subject from another point of view. If, as
|§ shown by Roy and Adami,' two points be taken upon the surface of the
left ventricle of a dog, and by a proper instrument the distance hetween
’ these points under various conditions he recorded, it is found that upon

increasing the intraventricular pressure, as by narrowing the aortic

arch by means of a ligature, the heart becomes more filled in diastole,
; and the two points hecome farther apart, while in tole, the points do
1R not approximate to nearly the same extent as when there is less resist-
ance.  Similar results are obtainable if, instead of primarily increasing

the pressure in the arterial system, the heart is given more work to do

by increasing the amount of blood supplied to it.  This can be accom-

{ plished, temporarily, by pressure upon the ahdomen, or over longer
| periods, by injecting into the venous circulation some few hundred
cubic centimeters of defibrinated blood.  Again, there is the same
filling in diastole, and relatively slighter approximation of the point:
in systole. With increased work of the heart accompanying the dis-

’ i
! Practitioner, 52+ 189481,
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{ension in diastole, there is a dilatation in systole also; the fibers do not
Jdiorten to the same extent. There is of necessity residual blood in the
ventricular chambers.  The significance of this is grasped if we consider
the ventricular chambers as a sphere.! There is this to be noted con-
cerning the relationship between the circumference of a sphere and its
contents, namely, that as a sphere expands, its cubic contents increase
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ont of all proportion to its increase in circumference, or, more accurately,
the ratio of increase is not an arithmetical ratio, but is such that if the
reumference be taken as abscisswe, the corresponding volumes as
linates, the curve of successive values is what is known as a cubical
arabola (Fig. 16).  From this it follows that a degree of shortening

I'his is the nearest geometrical figure that we can employ here for purposes of
tration,
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7, to reduce the circum-

of the fibers of the heart wall sufficient, let us
ference of the ventricle an inch, will cause a greater diminution in
volume (or greater output) the more distended or dilated the ventricle
is at the beginning of its contraction.  For example, a diminution of the
circumference by an inch of a sphere of ten inches’ circumference causes
a diminution of volume, or an output, equal to 4.5 cubic inches, when a
diminution by one inch in the circumference of a sphere five inches
round caunses an output of only 1.027 cubic inches, although in the first
case the circumference was reduced only one-tenth, in the second one-
fifth. That is to say, with moderate distension or dilatation of the heart,
the fibers will need to contract a very small amount in order to expel a
given amount of blood compared with the amount of their contraction
in a normal undilated heart. It is thus very possible that, in a hard-
working heart, a certain grade of distension is economical, and that the
presence of residual blood by diminishing the extent to which each fiber
15 called upon to contract, may be a saving to the heart and to the
organism as a whole,

From these considerations and observations it follows that hyper-
trophy is never primary; distension (or, as it is usually termed, dilatation)
always precedes hypertrophy. The only distinction—and perhaps it
is a necessary distinetion—that we can recognize between these two
terms—distension and dilatation —is that the former is a temporary
state which disappears as soon as the heart is relieved, the latter is a
more permanent condition, brought about by disease, and still persist-

ing when the cause ceases to be effective.  Possibly, we may add that
dilatation proper should only be regarded as present when there is actual
incompetence of the heart muscle and incapacity to contract to an
extent commensurate with the load borne by the muscle. If we deal
simply with distension, and the heart muscle be well nourished, we have
the inevitable sequel that continuance of inereased work within reasonable
limits leads to hypertrophy—either hypertrophy proper, or hyperplasia,
or often a combination of the two (vol. i, p. 591).  Such hypertrophy
or hyperplasia will either relatively or absolutely lessen the load of each
individual muscle fiber.  As a result, with lessened load, each fiber will
contract more completely, and the dilatation will tend to disappear
In such cases we deal with simple hypertrophy.

There can be no doubt that where there is ample reserve foree and good
compensation, this simple hypertrophy exists and may persist for years
though it is the exception rather than the rule upon the postmortem
table. Where there is persistent cause for increased heart work (as in
aortic stenosis or incompetence), then more often we find that the
reserve foree of the ventricular muscle becomes diminished or exhausted,
and eccentric hypertrophy supervenes; that is to say, we have combined
a pathological dilatation with hypertrophy. Not a few authorities still
deseribe a concentric hypertrophy. In our opinion this is non-existent
It is true that now and again we encounter an apparent, a false concentric
hypertrophy upon the postmortem table, in which what is striking i
the tensely knit ventricular muscle, greatly increased in amount, with
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practically no lumen to the ventricle. Al the cases we have seen of this
condition have been from cases examined within the first six hours or
so after death.  They represent rigor mortis, the heart muscle passing
into this state in one hour after death. Seen next (lu_\" such hearts
present well-marked hypertrophy with dilatation.  There is no such
thing as true concentric hypertrophy; it implies that the ventricle, in
contracting, expends a large part of its energy in compressing the more
internal fibers, a most unnatural lack of economy in the work of the
organ.  The causes of hypertrophy and dilatation will be dealt with
seriatim on pp. 155 and 156.

3. THE HEART VALVES.

The mechanism of the action of the heart valves is, or should be, so
well known that little need be said regarding their physiology, although
in discussing their pathology certain less known aspeets of their normal
mode of function will have to be dwelt upon.  We have to consider the
results of their imperfeet closure and imperfect opening: of incompetence
i stenosis. Practically all the disturbances we have to consider,
vhether congenital or of postnatal origin, come under these two headings.

Incompetence.- T'his may be relative, due to no disease of the
alves themselves, but to a giving way and expansion of the ring of tissue
to which the valves are attached, so that their cusps do not meet and
close the aperture; or actual, due to disease or injury to the cusps, pro-
duemg the ]”w n-\llll. As a consequence, at the |u’l'iml of l)u‘ cardiac
evele, when the valves should be closed, there is regurgitation of blood,
i passage back of the same into chambers from which it had previously
been discha (. The blood thus re :ln':ilulml constitutes an additional
load for these chambers to propel at their next systole in addition to the
wormal load reaching them from the normal source or sources. T'o
weommaodate this additional blood the affected chambers undergo dis-
tension (or physiological dilatation); to cope with the increased work
hey are called upon to perform, they exhibit hypertrophy.

I'he study of the heart post mortem suggests that incompetence is

more frequent condition than is recognized clinically; or otherwise,
that frequently regurgitation exists without the existence of murmurs
ling attention to its presence. \nl:x'»l_\' is this the case in connection
i the tricuspid; the shape and the relative weakness of the right ven-
may almost be said to favor incompetence and regurgitation with
en a moderate grade of distension of the ventricle,

ich distension
the outcome of either (1) incompetence or stenosis of the pulmonary
ve, (2) obstructive disease of the lungs and pulmonary circulation,

i) obstruction to outflow of the blood through the left heart. The
ult is distension of the right auricle, and, as there are no adequate
Ives at the entrance of the venm ca

, with contraction of the ventricle
reverse wave of blood is propelled into the larger systemic veins, and
these become distended at a period when normally the blood should
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be pouring from them into the right auricle. The result is a marked
obstruction to the venous circulation. "The greatly distended right
auricle undergoes some hypertrophy, but very soon the compensation
is incomplete, with the result that the blood accumulates or is dammed
back on the venous side of the heart, passive congestion showing itself
in the liver and other organs, and with the other consequences already
discussed on p. 100 et seq.

A similar relative incompetence is not infrequent at the mitral valve,
whether as the result of high blood pressure or obstructive aortic valve
disease, or again through acute or terminal dilatation of the left ventricle;
acute dilatation being brought on by the action of toxemia, alcohol and
other drugs; terminal, being due to failure of compensation after long-
continued hypertrophy or progressive malnutrition.  Nor is this relative
incompetence unknown in connection with the pulmonary and aortic
orifices; the faev that in the last three years we have encountered at
autopsy no less than three cases of the last condition, makes us think
that it is more common than is generally suspected. In one of these
three the regurgitation had evidently been of long continuance, for the
corpora Arantii and free edge of those portions of the cusps which did
not meet at the centre had been thickened and rounded.  Such relative
incompetence of the pulmonary and aortic valves would seem to be
brought about in part by dilatation of the origins of the pulmonary
artery and of the aorta; in part by a giving way of the muscular ring
immediately beneath the valves.

Actual or organic incompetence of the heart valves will be diseussed in
the chapters devoted to the morbid anatomy of the heart.  Here, it is only
necessary to call attention to the fact that incompetence most frequently
co-exists when there is stenosis.  The narrowing of the cardiac orifices is

rarely of such a nature as to permit complete apposition of the diseased
components of the valve.

The results of incompetence, whether relative or actual, are of the
same order, whichever valve is involw namely: regurgitation, over-
loading of the chambers into which the blood regurgitates, distension
of the same, followed by compensatory hypertrophy. The overfilling
of the chamber behind the incompetent valve sooner or later brings
about further damming back of the blood toward the venous side of the
heart, until eventually, in aortic incompetence, for example, we obtain
mitral incompetence, pulmonary congestion, tricuspid incompetence, and
general passive, venous congestion of the organs.




CHAPTER VII
THE HEART: PATHOLOGICAL ANATOMY AND HISTOLOGY.

For purposes of description it is convenient to regard the heart as
consisting of three portions: the pericardium, the myocardium, and the
endocardium. It should be borne in mind, however, that no serious
affection of any one of these structures can exist without involving the
others to a greater or less extent.

Being a hollow viscus that contains a constantly moving fluid tissue,
the bulk of which is constantly altering, and, moreover, being subject
to various peripheral impressions, the heart is in a state of physiological
unrest and is consequently proportionately linble to be affected by disease
|I]'l"‘l'\\(‘\.

The aver:
the female, 2

» weight of the heart in the adult male is 300 grams; in
50 grams.

THE PERICARDIUM.

The pericardium is a serous sac composed of an elastic connective-
tissue membrane lined with endothelivm, - Unlike the other large lymph
spaces of the body, it usually contains a relatively large amount of fluid,
viz., from 30 to 50 to 100 c.cm., even in the absence of any pathological
condition.  No doubt, the presence of the larger quantities is to be re-
garded as an agonal manifestation.  From the fact that the pericardial
fluid contains considerable albumin, we must conclude that the vessels of
the pericardium have a physiologically greater permeability to their fluid
contents than have those of the other serous cavities.  This will explain
the greater susceptibility of the pericardium to exudative processes and
the formation of large amounts of fibrin,

vl‘lll' Y'll'\(' l'('lﬂ'il”l\‘lli'l llf IIIl' l)l'l'i('

ardium to the heart, lungs, and
pleural cavities renders it also especially liable to secondary invasion
by infective agents, and the free movement of its two layers, one upon
the other, explains the rapid propagation of the various inflimmatory
processes to which it is subject.

DEVELOPMENTAL ANOMALIES.

In acardiac monsters the pericardium is more or less imperfectly
e \vlup(‘t].

Complete or partial defects occur in rare cases, generally associated with
other malformations. The sac may be quite absent or represented by
+ few fringes at the base of the heart.  More commonly there is a partial
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loss of substance over the left ventricle, through which the heart may
protrude into the pleural cavity.

Hernia of the endothelial membrane through the outer fibrous layer
is very rare. Diverticula are also recorded (Rohn

CIRCULATORY DISTURBANCES.

Anemia. 'T'his may affect the pericardium in common with the rest
of the |nul.\.
Hyperemia.—Active hyperemia is met with in cases of death from
pressure on the base of the brain, and in commencing inflammation
Passive hyperemia occurs from the same causes as it does elsewhere,
and in death from suffocation. It may lead to rupture of the vessels
and the formation in their neighborhood of small ccchymoses or sub-
serous hemorrhages, which are most commonly present about the basc
of the heart. Petechial spots are so common at autopsy that it is prob-
able that they are frequently produced during the death agony.
Similar extravasations are the effect of poisons (e g., phosphoru
~"|l|iw'lni.k. morbus Werlhofii, (n'l'ui('imlw anemia, leukemia, and the
various infections
Hematopericardium. —Hematopericardium is the condition in which 3
blood is found in the pericardium. This is due to wounds of the i
heart; rupture of the heart wall, of an aortic ancurism of the aorta

pulmonary artery, or coronary vessels. More often it is a concomita
of inflammation, as in tuberculosis and carcinoma of the sae, or is .
expression of some blood-dyscrasia, such as scurvy and leukemia. %

Hydropericardium.—Hydropericardium, or hydrops pericardii, ma
be part of a general anasarca hut is also met with in hydremia, cachectic

states and chronie Bright's disease.  Occasionally, it is seen as a com
pensatory process in cases of bhrown ‘IHll'rll\ of the heart (hydrops ca
vacuo). "The amount of fluid sometimes reaches as high as one liter
The fluid is pale amber or greenish in color, clear, without flocculi, anc

otra

A
'
&

poor in albumin (as compared with an inflammatory exudate).
wothelial cells, more or less |I\1]l'i'|v|‘ and degener

leukocytes and «
ated, are to be found. The condition is important, as it leads to stretch
ing of the pericardium, pressure upon and even atrophy of the heart
and pressure upon neighboring structure

PNEUMATOSIS.

Pneumopericardium.—Air in the pericardium may be due to fistulon
communication between the hollow viscera, such as the asophagus and
stomach, and the pericardial sac; to subdiaphragmatic abscess, to the
extension of a pyopneumothorax, or to fracture of the ribs and traumatic

like the Bacillu

perforation; or, again, to the presence of certain bacte

Welchii and the B. coli. In the last contingency the sac is often erapt
and the surface of the heart resembles meat dried in the sun., A ver
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striking example is recorded by one of us,' where, in a case of perforative
appendicitis, pneumopericardium developed during life, with a distinet I
musical sound over the precordium, which could be heard at a con- "‘
siderable distance. At the autopsy there was a subdiaphragmatic pus
collection, but the continuity of the pericardium was intact. The B.
Welchii was found in all the organs.

INFLAMMATIONS.

Pericarditis.—T'he most important disease of the pericardium is

“l]/rl‘u/lﬂl”“!l, which may present u \;Il'it'l_\ of characteristics. |
Primary idiopathic pericarditis, so called, probably does not exist, except !

in those cases due to wounds of the pericardium. The cases recorded

in children, while they may be “idiopathic” clinically, almost certainly

are due to some mediastinal lesion, il

Secondary pericarditis is a term applied to those forms due to extension

of disease from other parts. It is less misleading, however, to divide the

cases into (1) hematogenie, in which the i

by way of the blood, as,

its reach the pericardinm !
for instance, miliary tuberculosis and those
forms that complicate acute rheumatism, smallpox, influenza, nephritis,
diabetes, septicemia, and cerebrospinal meningitis, and (2) those arising
ionem. In the latter clas

s the disease may arise from a great
wiety of causes, among which may be mentioned pneumonia, chronic
pulmonary  tub reulosis, acute llll'”l'i*I\. empyema, aortic aneurisins,
imflammation of mediastinal and peribronchial gland

|
|
, acute and chronic |
docarditis, and many abdominal conditions, such as peritonitis, appen- |
dicitis, abscess of the liver or pancreas

and uleer of the stomach. In f
cases of which we have notes, occurring in the postmortemn prac tice of |
e Royal Vietoria Hospital, 58 per cent. arose by extension, of which

three-quarters were due to preéxisting disease of the lungs or pleura,
While it is true that in some cases cultures have failed to show the

ence of microorganisms, it is almost certain that all exudative

distinguished from transudative processes, are due to their action,
['he organisms which are usually found are Diplococeus lanceolatus,
3. coli, Staphylococeus pyogenes, Streptococeus, B. tuberculosis, Pried-
inder’s pneamobacillus, M. meningitidis intracellularis, and B, Welchii.
One case has come under our notice where B, pyoeyancus was present
Mixed infections are not uncommon, and B.

re cases than are usually \mln-«‘lwl.

tuberculosis

at fault in

['he relative frequency with which pericarditis complicates endocarditis,

iticularly of the aortic valves, is readily explained when we remember
close anatomical relationship of the pericardial reflexion to the
tic ring.  That the inflammation can extend through the vessel wall
this point is beyond a doubt, and not only acute, but chronic endo-
litis may provide a starting point.

When pleurisy exists, it is very common for the outside of the peri-

1 A, G. Nicholls, Brit. Med

Tour., 2:1907: 1844,




138 THE PERICARDIUM

cardial sac to be affected (pericarditis externa). Often in such cases
the pericardial fluid is increased in amount, but without flakes (inflam-
matory hydrops), while the superficial vessels of the pericardium are
congested and the surface of the heart may show a rosy flush. Though
the endothelium may, in general, be quite smooth, even at this early
stage bacteria may be present.  The condition is sometimes called
pericarditis serosa.  "T'his form rapidly passes over into a serofibrinous
inflammation, in which the sac becomes distended with a fluid exudate of
a yellowish turbid appearance, sometimes stained with blood, in which
float flakes of fibrin. The amount of the exudate may be small or may
racter of the l'\ll!l:lll' varies 1'|i||~i1|l'l'1||;|},

reach a liter or more.  The ch
depending on the nature of the infection.

Fibrin. pericarditis,  (From the Pathological Museum of MeGill University

The fibrin may take the form of a granular deposit, rendering the
fluid turbid, or it may exist in large flakes, or again may be gelatinous

If ])ll"|il'lli||ll'ill:_{' nl‘g.ll|i~|l|~ he pre sent, such as the ’|l>||.\]n|‘nl'1'l|~i :llll'.
in certain cases, the pneumococens, the exudate is puralent (pyoperi-
cardium). "The amount of fluid may be so small that the fibrinous
deposit is quite thick and dry (pericarditis fibrinosa sicea). "I'his condition
may alternate with the serous outpouring, or may be due to :||m.r[»(inu
of the fluid during the later stages of the affection.  The 1[1")()\1|
does not form a layer of even thickness upon the epicardium, but
owing to the movements of the heart, tends to collect in little clumps
The condition is aptly described by Laennee, who compared it to the
appearance produced by the rapid separation of two slices of bread and
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butter. In some cases the fibrin over the left ventricle is arranged as
a raised network, while over the right it takes the form of transverse
parallel bands. When the deposit is thick and in the form of long tags,
the condition is known as the cor villosum. 'The serous fluid may
contain so much blood that a characteristic appearance is lll'\'.\l'll‘l'!l.
known as pericarditis hemorrhagica. In such cases there may be relatively
little fibrin.  "T'his form occurs in debilitated persons and alcoholics, or
as a manifestation of a hemorrhagic diathesis, for example, in scurvy
and morbus maculosus. Tuberculous and carcinomatous disease of
the pericardium also at times produce this appearance. In the case of
drunkards, the condition is analogous to pachymeningitis hemorrhagica
interna.  In cases of some standing one sees the process of organization

Fia 18

,“'"‘?"-.

e s K

wizing pericarditis,  Section shows newly-formed eapillaric
Leis: . DD, veular No. | From the Pathological Laboratory

beginning. Small vessels are seen to be springing from the deeper layers
of the pericardium and making their way into the exudate, which now
1ows signs of disintegration.
If the heart in a case of fibrinous pericarditis in the early stages be
imined microscopically, it will be seen that the flattened endothelial
cells lining the sac are swollen and desquamating, lying free in little
15505 upon the surface. The vessels of the pl'l'it':ll'«lilnu are congested
I there is beginning extravasation of leukocytes. The pericardial
cor H'"‘Ii"" ‘i\‘i'l(' ZI”lI (lll' \lllil‘l'“('illl Iil.\"l" l'f l'll' ll'"i”'l ”l”\“]" are ll"ll"““'
ton In parts where the process is somewhat more advanced, there is
won the sur a distinet layer of fibrin, formin meshwork mixed
with leukocytes and containing numerous bacteria.  This frequently
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stains rather badly, as if undergoing disorganization. In some instances
the fibrin melts together and forms hyaline clumps. In severe cases the
underlying heart muscle shows marked cloudy swelling and congestion.
When the exudation into the sac is marked it leads to pressure upon
the heart and great vessels, causing more or less stasis of the circulation,
T'he lung often becomes, to some extent, atelectatic. Acute pericarditis
| may extend to the pleura and peritoneum. When it heals, but few
i traces may be left of its occurrence.
il Pericarditis Chronica.—Acute pericarditis may eventually become
chronic, in that, owing to repeated relapses with partial absorption of
the exudate, the process may extend over weeks and result in thickening
! of the pericardium and fibrous adhesion between the two leaves of the
I§0 sac. Many cases which start clinically as acute are really chronic in
{ their nature. Chronic pericarditis may also start insidiously. The
1 i disease is perhaps most common in young persons. In developing
t cases, where pericardial thickening is going on and more or less adhesion
| of the surfaces has taken place, one can see remains of the exudation
1] in the form of disorganized, granular, rather inspissated, masses of fibrin,
1 _' | The adhesions are partial or complete, and in some ca aleification
(45 of the fibrinous material takes place.
{ An important type is the indurative mediastinoperica:ditis, where not
only are the pericardial layers fused, but the connective tissue of the
mediastinum is thickened, so that the heart may be firmly united to
the chest wall, the lungs, and the diaphragm. "T'he etiology of this form
i is somewhat obscure. The most potent cause appears to be acute peri-
carditis, either rhenmatic or following some of the infectious fevers, A
q peculiar form of chronic pericarditis is that in which the pericardial sac
1 is obliterated and the two layers are converted into a thick hyaline mem-
'_“ brane of gristly consistence. This form is nearly always seen in associa-
H p J' tion with similar disease of the pleura and peritoneum, but Eichorst' has
recorded a case in which the pericardium alone was affected.
"T'he most important chronic conditions are tuberculosis and syphilis.
{ Tuberculous Pericarditis.— I'uberculous pericarditis may be hema-
togenous or extend from the mediastinal and peribronchial glands, or
from the lungs and pleura. It begins with the formation of small grayish
i tubereles on the inner surface of the sac, which surrounded by a
H 1 hyperemic zone and often capped with granulation tissue. As the
7' ;) } condition progresses, exudation takes place, the tubercles enlarge and
i coalesce, forming ultimately caseous nodules. The exudate may b
serofibrinous, fibrinous, purulent, or hemorrhagic. It is usually moder-
ate in amount, and much productive change is going on. The disease
| at times assumes the guise of a simple serofibrinous inflammation, or the
two walls of the pericardium may be completely and firmly united by
a thick layer of newly formed connective tissue containing caseous foci
"T'his layer is often very thick and may have a semitranslucent, strueture-
less appearance resembling partially solidified celloidin.

! Eichorst, Zuckergussherz, Deutsche med. Woch., 28:1902:293,
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Syphilitic Pericarditis. —Syphilitic pericarditis is rare, generally depend-
ing upon syphilis of the heart wall. It leads to adhesions.

Actinomycosis. —Actinomycosis of the lungs, mediastinum, cesopha-
gus, and peritoneal cavity occasionally extends to the pericardium.

T'he results of pericarditis, when healing takes place, may be that the
exudate is absorbed and there is complete return to the normal condition.
Or the fluid portion may be absorbed, leaving a granular, fatty, and
caseous-looking detritus between the layers of an adherent pericardium.
Such deposits may even caleify.  Milk spots (macule tendinew), which
are so common' on the front of the right ventricle, are by some thought
to be due to preéxisting pericarditis.  Most often they would seem to be
of the nature of “corns’ of the serosa, the result of intermittent press-
ure. A more important sequel is the formation of fibrous adhesions
hetween the two layers of the pericardium. These occur in about 3.5
per cent. of all postmortems.  Fine fibrous bands near the aortic ring
are very common, and are due to extension of inflimmation from the
valves,  Local adhesions by veil-like processes may be present (partial
synechia), or the two layers may everywhere be in such close and firm
contact that it is impossible to separate them (fotal synechia). 'The
latter form leads to dilatation of the heart chambers.  On the other
hand, great thickening of the pericardium may lead to atrophy of the
heart.  Such a condition is often spoken of under the term “chronic
adhesive pericarditis,” but since it is a result and not a process, it would
e more correct to call it ]u‘rimmlflfx adhesiva obsolescens.

Parasites. — 7'richinw, Cysticerci, and Echinocoeei have been found
in the cavity.

Foreign Bodies. Foreign bodies may enter from without or from
uleerative processes. It is peculiarly frequent in cattle to have needles,
wire, ete., which have passed through the walls of the first stomach,
find their way into the pericardium and lead to sudden death by
puncture of the heart.  Analogous cases occasionally oceur in man.

RETROGRESSIVE METAMORPHOSES.

Serous Atrophy. Serous atrophy of the pericardial fat occurs in
cases of effusion and in individuals the subjects of senility, marasmus,
imd cachexia, The fat is grayish, gelatinous in appearance, and, micro-
copically, shows swelling and hydropie degeneration of the fat cells with
cversion to the primitive connective-tissue type.

PROGRESSIVE METAMORPHOSES.

Tumors.—Primary Tumors.—Primary tumors are very rare. Car-
cimoma (?) and endothelioma are recorded, as are also a few instances of

\ecording to our Montreal statistics they are to be found in more than 14 per
il all autopsies,
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primary sarcoma.' Fibroma (Kaufmann)® and lipoma (McKechnie)® are
also deseribed.

Secondary Tumors.—Seccondary growths may be extensions from tumors
of the mediastinum, hronchus, lung, wsophagus, and stomach, or may
be metastatic.  OF the first, carcinoma and lymphosarcoma may be

| mentioned, and of the second, carcinoma and melanotic sarcoma.

Y

? THE MYOCARDIUM.
A CONGENITAL ANOMALIES.

Congenital peculiarities are said to be more frequent in the male
i than in the female sex.  In general, they are due to a retardation or an
] actual vitium in the development of certain parts. More rarely, they
are to be attributed to inflammatory processes occurring during feetal
i life. Many of them are of great practical importance, inasmuch as
their presence may prevent an independent existence on the part of the
offspring, or if life be possible, grave circulatory disturbances may be
| the consequence, with abnormal susceptibility to disorders of related
parts and all that this implies.
The number of the cardiae anomalies of this elass is legion,
cannot, for lack of space, do more here than indicate in a sketchy

and we
fashion

! the more important forms,
In a general way the developmental anomalies of the heart and its
sinuses may be summarized as follows:
1. Numerical variations.
2. Displacements.

8 6. Anomalies of the semilunar cusps and auriculoventricular valves,
: 7. Pateney and other anomalies of the ductus arteriosus.
¢ S. Anomalies of the vessels in immediate relationship to the heart
i Under the category of numerical variations we note the condition of
{ total absence of the heart, as, for example, in the monstrous birth known
{ as acardincus.  This is associated with other grave anomalies of develop-
i i ment.  One case is on record, also, of a double heart. Verocay has de-
} seribed and figured a case of seven hearts in a series found in a chicken
.
:

The heart may be displaced in various ways as a result of errors

of development or acquired disease. Thus, it may be rotated upon

t its vertical or anteroposterior axis. Under the term dextrocardia are
’ | recognized two conditions: one, in which the heart occupies a position
on the right side of the thorax; and the other, in which, while the heart

ew York Med. Jour., 71: 1900 537.
E. Kaufmann, Text-hook of Special Pathologieal Anatomy, Reimer, Berlin, 5t

| o
| edit., 1909, p. 12

¥ MeKechnie, British Medical Journal, 2: 1906: 76,
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is found at its normal site, its various chambers and sinuses are simply
reversed (true dextrocar The latter form is, as a rule, though not
invariably, found associated with transposition of other viscera. Ectopia
cordis is a condition in which the heart is situated outside the thoracie cavity.,
Should the organ remain high up in the neck, we have ectopia ee roicalis;
should it enter the abdomen through a slit in the diaphragm, it is called

Fia, 19

Heart showing (4) defeet of interauricular septum below (persistent ostium primum ), with (8)

{ right anterior scgment of mitral valve,  (€) Interauriculnr septum wbo

foramen ovale D) s posterior mitral segment From a woman, aged t
without eardine symptoms, dying of perforative appendicitis (From a specimen in the
logieal Museum, M

University

topia abdominalis; should it appear beneath the skin of the thorax
through a defect of the sternum, it is known as ectopia pectoralis. In
h cases the pericardium is sometimes wanting.
I'he chief anomalies of the heart as a whole are bifid apex, diverticulum
primary hypertrophy, and hypoplasia. Ilypoplasia is not uncommon,
d is usnally found in the vessels as well as the heart. The heart is
cither small at birth or the whole vascular system gradually lags behind

‘
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in the general bodily development. In long-standing cases, cardiac
insufficiency and dilatation come on. Rokitansky has noted the oc
sional association of the condition with defects of the external genitali
Bamberger and, later, Virchow pointed out the relationship of cardio-
vascular hypoplasia to chlorosis.  Ortner and others hold that the
condition predisposes to infection. We, ourselves, have noticed, post
mortem, the great frequency with which the condition is present in
cases of tuberculosis, especially in voung people. The vessels are
thin-walled and show a tendency to fatty change.

The commonest defect of the septa is the patent foramen ovale. T'his
is so frequent that it can hardly be called an anomaly, unless it is so
widely open as to allow free communication between the auricles. In

Defect of the interventricular septum at undefended space Heart of infant No other

anomaly From a specimen in the MeGill Pathological Museum

1500 autopsies at the Royal Vietoria Hospital, the condition occurred
220 times, or in 14.7 per cent. When patent, the opening may b
merely of pin-point size or may admit a finger. Defects of other part
eur, These defeets are often asso

of the auricular septum may also o
ciated with other abnormalities, such as coloboma, or mental degra

dation.

The interventricular septum may be partially or totally wanting
Defect of this kind is usually associated with pulmonary stenosis and
rechtslage of the aorta, and constitutes one of the commonest forms of
congenital heart disease.  When the septa are completely wanting, we
have a two-chambered heart (cor biloculare). Absence of the ventricula
septum, with presence of the auricular, constitutes a three-chambere
heart (cor biatriatum triloculare). A remarkable instance of this latt
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form is to be found in the Pathological Museum of McGill University,
the gift of Dr. A. F. Holmes, one of the original founders of the
Medical l";u'll|l.\.‘

The aortic septum may be partially or completely defective.
~ Pulmonary stenosis is one of the commonest of cardiac anomalies.
Both it and the severer grade of atresia are commonly associated with
defects of the septum.

Aortic stenosis and atresia are rare.

T'he ductus arteriosus Botalli may be absent, patent, or anomalous in its
course.  Pateney of the duet is sometimes associated with stenosis of the
pulmonary artery, or of the aortic isthmus. It ocenrred 6 times in 1500
autopsies at the Royal Victoria Hospital.

The coronary arteries may be increased in number, may have an
abnormal origin, or may take an abnormal course,

Aberrant chordae tendinege are not uncommon: a case, giving rise to a
remarkable musical murmur, has been recorded by W, I, Hamilton.*

Those desiring more detailed information than that given here are
referred to Dr. Maude Abbott's admirable article in Osler’s Modern
Vedicine (vol. iv, 1908, p. 323), an article that will be for long the
“last word" on this most important and interesting subject.

CIRCULATORY DISTURBANCES.

Anemia.—This may be part and parcel of a general anemic condi-
tion, or may be a local condition due to a narrowing or obliteration of
the branches of the coronary arteries. A pericardial exudate or hydro-
pericardium also produces a local anemia by pressure.  The affected
muscle has a pale grayish-brown or yellow color.  As sudden death is
frequent from acute anemia, the coronary vessels should always be
examined for \l‘ll'l'tl\i~, l‘ll'llllll)i, or emboli

Hyperemia. Active Hyperemia. —Active hyperemia oceurs in acute
infections, in abnormal nervous conditions, and in death from respiratory
failure,

Passive Hyperemia. Pussive hyperemia is found under the same
conditions as elsewhere.

Hemorrhage. Interstitinl hemorrhage is often due to obliteration
of the arteries, as in hemorrhagic infarction, or to spontancous rupture

of the venules in the state of passive congestion.  Apart from these

conditions it is not common, but is sometimes present in certain dys-
crasias, as in the various infeetive diseases, the hemorrhagic diatheses,
leukemia, pernicions anemia, and in poisoning with phosphorus, arsenic,
md morphine.  In some cases it is due to the death agony.
Leukemia. In this affection we find either multiple isolated aggre-
itions of leukoeytes in the form of nodules, or a diffuse infiltration of
heart wall
I'rans. Medieo-Chir. Soe. of Edin., 1824,  Reprinted by Abbott, Montreal Med.
30:1901: p. 524
Montreal Medieal Journal, 28: 1809 508
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Myomalacia Cordis.—By this is understood a degeneration of the
heart muscle resulting from arterial anemia. Atheroma of the coronary
vessels, with its attendant thrombosis, is the most common cause. Embo-
lism in the coronaries is a less frequent one, inasmuch as these vessels
are so placed that foreign bodies cannot readily enter. The essence of
the process is that it is a rapid one, bringing about what is practically
a white infarct, with subsequent softening and degeneration of the
muscle.!

The affected area, according to its age and vascular relationship,
varies in appearance at different times. At first, it is still firm and
of a dull yellow color. Later, the patch becomes yellowish white and
friable. If the neighboring capillaries rupture, a red infarct is the
result, presenting a dull, reddish appearance. Later still, the color
changes to a rusty brown and, as fibrosis occurs, to a dull gray. Micro-
scopically, the affected muscle fibers appear to be swollen, hyaline,
and have lost their characteristic structure. If they take the stain, it
is with a diffuse glassy appearance. As in other infarctous conditions,
an inflammatory reaction shows itself at the periphery of the necrobiotic
area, when of any standing. The site of election for the process is in the
wall of the left ventricle, at or below the junction of the lower and middle
thirds, at the tip of the papillary muscles, sometimes in the right ventricle,
more rarely in an auricle,

Such localized areas of degeneration may produce a rupture of the
heart wall leading to hematopericardium and sudden death, or, if
fibrosis has had time to develop, may result in the formation of a partial
aneurism in the wall.  This is most frequent in the anterior wall of
the left ventricle, next, in the posterior, and occasionally in the septum.
Such aneurisms may lead to an imperfect discharge of the heart’s
contents and to the formation of parietal thrombi with their attendant
dangers. Lazarus-Barlow® has described a seemingly unique case of
dissecting aneurism of the right heart wall,

Fibrosis of the Myocardium.—This condition has much in common
with the last mentioned, but differs from it in that it is a fibrous degenera-
tion of the heart muscle, which is very slowly produced. It is often
called “chronic interstitial myocarditis,” but incorrectly, since it is
primarily a degenerative process. Owing to sclerosis of the coronary
vessels, which leads to a narrowing of their caliber and consequently
impoverished blood supply, the muscle bundles in the affected tract
undergo starvation atrophy. Associated with this is proliferation of
the preéxisting interstitial connective tissue which gradually invades
the degenerating part—a true replacement fibrosis—and is reparative
in its result. This is the pure type. It cannot be denied, however,
that other cases exist in which, in addition to the “replacement fibrosis,”

is, 1807,
also Vestherg

! See R. Marie, L'infaretus du Myoearde et ses conséquences, Py
? Brit. Med. Jour., 2: 1809: 1344,  For dissecting aneurisms, se
Om dissekerande hjirtaneurismer, Nordiskt Med. Arkiv., Ny Foljd, 7 : Nos. 26 an

30 : 1897,
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there is the production of a cellular granulation tissue that may either
develop into scar tissue or may, in its turn, participate in the degenerative
change. Such inflammatory changes must, we think, be regarded as
due to the irritation produced, and secondary in nature. It would
consequently seem more rational to include this condition among the
degenerations rather than the inflammations.

The scar tissue may be fairly diffused throughout the organ, giving
it a tough feel like leather, Much more commonly, the change is local-
ized to certain parts. On section, the muscle shows grayish streaks
running parallel to the muscle bundles, particularly in the wall of the
left ventricle and at the tip of the papillary muscles. If the condition
he more extreme, one sees irregular areas of a semitranslucent appear-

Myocandial fibrosi from disease of coronary arteries. Leitz, obj. No, 7 without ocular,
(From the collection of Dr. A, G, Nicholls

ance, and of a grayish or grayish-white color, sharply defined from the
healthy muscle, which are sunken below the general level of the cut
surface.  These have the appearance of tendon. Besides the favorite
ite in the wall of the left ventricle, similar areas may be found in the
colummnie carnege, the septum, or even in the right ventricle.
Microscopically, the condition is characterized by the presence among
the muscle bundles of larger or smaller fibrous patches often presenting
u stellate appearance.  The muscle fibers about the margin show definite
evidence of atrophy, and melt away into the fibrous mass. Sometimes
in the centre of the patch can be seen a few isolated muscle bands,
atrophied by compression. The scar tissue is generally very poor in
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nuclear elements, but toward the outer margin is more cellular. New-
formed capillaries can be made out, with perhaps small areas of inflam-
matory infiltration. The more healthy muscle fibers usually show
marked hypertrophy, as evidenced by the fact that the nuclei are relatively
large, stain deeply, and are blunted at the ends.

INFLAMMATIONS.

Acute Inflammations.—Inflammation of the heart muscle, apart
from the mild reactive form which sometimes accompanies ischemic
necrosis, is mostly due to infection or intoxication. "The various agents
may reach the muscle from the contiguous pericardium or endocardium,
or from more distant regions by means of the blood stream.

According to the anatomical distribution of the lesions some authori-
ties recognize a parenchymatous and an interstitial myocarditis, but this
distinetion is largely academical. It is impossible for the inflammation
to be confined to the muscle of the heart without the connective tissue
being involved more or less, and vice versa. At most, we can say that
the process is more in evidence in one or other constituent part. In
general, the lesions in the parenchymatous form are degenerative in
character, while those in the interstitial are exudative and productive
In both types of involvement the changes in question may be localized
or diffuse.

A notable form of myocarditis occurs in the course of many infective
fevers, such us typhoid, diphtheria, scarlatina, rheumatism, pneumonia,
septicemia, pyemia, and other similar conditions. The first obviou
change is cloudy swelling, and Virchow is probably correct in regarding
this as the first stage in an inflammatory process. But besides this
myocarditis parenchymatosa, in many cases there is evidence of an inter-
stitial process as well, for we see collections of ill”;lllllll:llul"\' Ivlll\n(‘.\lm
between the muscle fibers, together with connective-tissue proliferation
This form is called by Orth myocarditis degenerativa. "The affected
muscle is pale, soft, and friable, and often edematous. Hemorrhagic
points may frequently be seen through its substance. The cavities,
particularly the left ventricle, are dilated.

Microscopically, the fibers are swollen, the striation faint, and the
nuclei indistinet (cloudy swelling). Vacuolation is sometimes seen,
and fragmentation. If the process continue, the nuclei swell and divide
and the fibers show fatty or hyaline degeneration. The vessels ar
usually congested and may show proliferative changes. Collections of
inflammatory leukocytes in many cases are seen between the muscl
fibers, and in the later stages proliferation of the connective tissue, with
the formation of fibroblasts. In this form, suppuration does not oceur.
If the patient survive, the inflammation, if slight, may entirely resolve.
In other cases a diffuse fibrosis of the heart muscle is the result.

T'he interstitial form of myocarditis is usually purulent but not nece-
sarily "so. In this connection it might be mentioned that Aschoff and
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Tawara' have lately drawn attention to a special form of acute myo-
carditis occurring in acute rheumatism with endocarditis, in which
scattered. foci of leukocytie infiltration are found along the course of
the vessels, in type suggesting an infective origin, but not going on to
suppuration.  Local or diffuse fibrosis may result.

Purulent myocarditis can arise in various ways. Apart from those
cases which are due to a direct extension from a purulent pericarditis or
an uleerative endocarditis, an embolic infection is the commonest cause,
The so-called idiopathic heart abscess, where there is usually a single
pus collection of some size, is distinetly rare.  Formerly, many cases
of myomalacia were erroncously classed under the term abscess.  Most
cases are simple expressions of a general pyemia.

The bacteria found in such cases are usually Staphylococei and
Streptococei, occasionally Pneumococei, rarely Gonococei.

On examination, the affected heart is seen to be riddled with opaque
grayish or grayish-yellow dots the size of a pin-head or larger. Many
of these are surrounded by a hemorrhagic zone, Small hemorrhages
are often seen, and all grades occur from this to true pus collections.
The heart may be dilated, and show cloudy or fatty change.

Microscopically, these areas are seen to consist of pus cells with
cell detritus.  The vessels are often found to be plugged with micro-
organisms.  In many cases the bacteria have penetrated the vessel
walls and appear within the leukoeytes or are lying free.  T'he muscular
fibers show cloudy swelling or fatty degeneration. The vessels in the
neighborhood are greatly congested.

In the event of recovery, the detritus may be absorbed and a fibrous
scar be produced, or the area may become calcified. More often the
patient dies, but if he survive for a time the abscesses may coalesce,
and rupture into the pericardium or into a cavity may occur. Thus
communication can be opened up between two cavities, or a partial heart
aneurism can result.  Occasionally an abscess becomes encapsulated.

Acute Miliary Tuberculosis.—Acute miliary tuberculosis is somewhat

, only one case having come under our observation. It is a part of a
disseminated miliary process.

Chronic Inflammations.—Tuberculosis.*—Most frequently the tuber-
culous affection is an extension from a tuberculous endocardium or peri-
cardium, especially from the chronic caseating form. It is rarer to find
smaller or larger caseous foei in the heart wall. The differential diag-
nosis between this condition and syphilitic gumma is very difficult, and
olten can only be made after a general survey of the whole case, or from
the discovery of the B. tuberculosis in the affected area. Gummas,
liowever, are apt to be enclosed in a dense mass of hyperplastic con-
nective tissue,

Die heutige Lehre von den pathologischen-anatomischen Grundlage der Herz-
che, Gustav Fischer, 1906,

For a full deseription of Tuberculosis of the Myoeardium, sce Anders, Jour.
Med. Assoe., 39: 1902: 1081,




sz e

150 THE MYOCARDIUM

8yphilis.—Syphilis is an infrequent cardiac affection. According
to H. P. Loomis," syphilis of the myocardium takes the form of (1)
gummatous foci, almost invariably in the wall of the left ventricle;
(2) fibroid induration, either localized or diffuse; (3) amyloid infiltration;
(4) endarteritis obliterans, often causing infarctions. Indurative inflam-
mation is perhaps the most common.

Solitary gummas may reach the size of a pigeon’s egg. They are
rare in inherited syphilis.  Multiple miliary gummas are also described.
Fatty degeneration of the muscle is a more frequent manifestation of
the specific virus. Rupture of the wall or a partial heart aneurism
may result.

Actinomycosis.—Actinomycosis is very rare, and is secondary to actino-
mycosis of the mediastinum, lungs, and pericardium. It takes the
form of small granulomas of a grayish or yellowish-white color, often
suppurative in character.

auma,—Solution of the continuity of the heart muscle arises in
various ways. Wounds inflicted by instruments or bullets, either wholly
or partially penetrating the wall from without, are not uncommon. An
ulcer of the stomach has been known to penetrate the wall.

Foreign Bodies.—Foreign bodies are sometimes found in the
heart wall. These may come not only from without, but from the
cesophagus and stomach, and are usually needles, bullets, fish bones,
knife blades and the like. The condition may be latent or, on the other
hand, lead to sudden death.

Parasites.—Parasites are extremely rave.  Echinococci, Cysticerci,
and Pentastoma have been found. T'richina are said not to be found
Echinococeus cysts may burst into a cavity, causing a general infection
or sudden death from pulmonary embolism.

RETROGRESSIVE METAMORPHOSES.

Atrophy.—8imple Atrophy.—Simple atrophy of the heart is charac-
terized by a general diminution in the size and weight of the organ
The arteries do not partake so much in the process, consequently,
owing to the shrinkage of the muscle, they become tortuous. The epi-
ardium and the endocardium alike from the same cause present o
rumpled appearance and often secondary thickening. The muscle is
firm and tough, and may be of a dull, dark brown color—brown atrophy

Microscopically, the fibers are thinner than normal. The outlin
of the cells is well marked, owing to an actual separation of the muscl
bands. This is regarded as being due to a disintegration of the fibers
in consequence of impaired nutrition of the cement substance. In brown
atrophy, in addition, there is a great increase in the amount of the pig-
ment which is usually situated about the poles of the nuclei, and th:
pigment takes a dark brown color. In severe cases brown granules are
seen to be scattered throughout the cell.

! American Journal of the Medical Sciences, 110+ 1895: 380,
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Whether the affection can occur as a purely senile change has been
doubted; nevertheless, routine examination of sections from the post-
mortem room shows that after middle age some degree of brown atrophy
is very common. More certain causes are marasmus, malignant disease,
and tuberculosis of the lungs. Some cases are due to pressure, as from
mediastinal lesions or from progressive relapsing pericarditis.

Local Atrophy.—Local atrophy is due to pressure or to sclerosis of
small branches of the coronary arteries. Atrophy of the columnae
carnewe of the left ventricle, which is so common in valvular affections of
the heart, may result from either of these causes.

Degenerations.—Cloudy or Albuminoid Degeneration.—This is a
very common condition. The heart muscle has a grayish, cloudy,
opaque appearance not unlike parboiled meat or raw fish and is some-
what more friable than normal. Microscopically, the fibers are seen to
be opaque from the deposit of numerous minute granules which obscure
the nucleus and transverse strie. The condition is best made out by
making a thin section of the fresh muscle. "T'he nature of the granules
is not definitely settled, but they appear to be albuminoid in their
character.  On adding a drop of acetic acid to the section, the granules
dissolve and the normal translucency of the fibers is restored.

Cloudy swelling is very common in severe anemias and in the course
of the infectious fevers, and is due to the action of specific toxins with
or without prolonged high temperature, or to disorders of metabolism.

Fatty Degeneration.— I'his common condition is characterized by the
presence of minute globules of fat in the muscle fibers, which are de-
posited in small droplets, generally in the line of the longitudinal fibrille
of the cell.  In the severer affections the whole muscle fiber may be full
of fat. 'The change often begins with cloudy swelling, but while acetic
acid and potassium hydrate have the power of restoring a cloudy cell
to its normal appearance, these agents have no effect on fat globules.
Osmic acid, however, stains the fat black, and Sudan 111, a yellow or
carmine red. At first, the transverse striation of the cells is readily made
out, but tends to become obscured the more advanced the degeneration.
I'he condition may affect the whole heart, one side of it, or one side of
the wall of a cavity.

Macroscopically, the muscle is soft, friable, and of a pale color, the
renerated  portion showing up as yellowish streaks or specks, by
preference on the endocardium, the papillary muscles, and in the wall
of the left ventricle. In well-marked cases the muscle has a mottled
appearance—the so-called “thrush-breast” heart.

In advanced fatty change, when there is anemia as well, the heart
muscle is very pale and of a yellowish white or clay color. In this state
it is soft and cuts like cheese,

I'he main causes of fatty degeneration are general, that is to say,
hose acting through the circulation, and local.

I'he infectious fevers, particularly typhoid, and diphtheria; the anemias,
v pernicious anemia, and leukemia; poisons, like phosphorus, arsenic,

| sulphuric acid, are the common general causes. Whether we are
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to regard with Virchow the fatty degeneration occurring in the infections
as a sequel of a parenchymatous myocarditis is perhaps doubtful.  Many
cases, however, are beyond a doubt pure degenerations.

The local causes are sclerosis of the coronaries and valvular lesions,
Whenever hypertrophy, dilatation, and incompetence co-exist, fatty
degeneration is almost certain to be present.

Fatty degeneration also accompanies inflammation, as in acute peri-
carditis and acute interstitial lll‘\lbl'ill'llili\,

Fatty degenerntion of the heart musel The fibers in thee upper and Jow e portions of 1

tiekd are normal I

DD, oealar No. 1 From

ntre contain fat «

plets wing

Pathologieal Laborntory of MeGill University

Fatty Infiltration. [atty infiltration is not to be confused with the last
condition.  In this the normal amount of fat which is present about the
base of the heart and in the coronary sulei is greatly inereased.  The fat
forees its way in between the musele bundles and may even appear on the
endocardium.  While the heart may be much enlarged, it is at the same
time greatly weakened, since the muscle fibers are markedly atrophic
a true pressure atrophy (atrophia lipomatosa).  In advanced cases the
front of the right ventricle and even the left may be permeated witl
fat, in addition to that which is present in the sulei and about the mair
vessels.  Often the apex of the right ventricle in eross-section show

searcely any muscle.  Obesitas cordis is frequently a manifestation of
gene

Microscopic scetions show merely masses of fat lving between the
muscle bundles which are usually paler and more yellowish brown i
color than healthy muscle. The fibers are atrophie, often granular, an
may show signs of fatty degeneration.

ral corpulency but may ocenr independently.
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Hyaline Degeneration.—IIyaline degeneration is a glassy or waxy
condition of the muscle fibers, in which they gradually lose their striation
and become homogeneous, presenting a hyaline, shiny appearance not
unlike amyloid, but not giving the same chemical reactions.  More often
the hyaline change involves areas of fibrosis.

Vitreous Degeneration.—'I'he vitreous degeneration, which von Zenker
described in the muscles, especially the recti of the abdomen, and oceur-
ring in typhoid and other infectious diseases, is probably a localized
necrotie change (vol. i, p. 979).  The fibers of the heart, when affected,
hecome brittle and break up into lengths, or we may see globules of
hyaline material embedded in the fiber. In the later stages, the inter-
stitial fibrous substance proliferates, and we may find it passing in be-
tween the various muscle fragments.  "T'he change is seen mainly in the
acute infections or associated with parenchymatous inflammation.

Fragmentation of the fibers of the heart Leitz ob, o 7 " From the
eollection of Dr. A, G, Nicholls

Segmentation. Sl'gllln'llluliull of the fibers is seen in hearts that are
dilated, relaxed, soft, and brittle. The individual fibers are separated
id broken up into short lengths, the *“myocardite segmentaire” of the
Freneh writers (Renaut, Landouzy). The parts usually affected are
the septum and the papillary muscles.  Many opinions have been ad-
need as to the nature of this condition. It oceurs in cases of sudden
cath from acute dilatation of the heart, in prolonged muscular strain,
the various infections and intoxications, in Bright's disease, in
dine degeneration, and, as Landry has shown at the Royal Victoria
pital, in a large proportion of cases of aneurism of the aorta. Some
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think it is produced during the death agony. It can be produced experi-
mentally by the action of digestive ferments upon the heart muscle.

Hektoen' recognizes two forms, true fragmentation, in which the muscle
fiber is actually ruptured at some part of its course, and segmentation,
in which the primitive segments of the fibers become simply dissociated.
The first form is due to strain upon a weak and insufficiently acting
muscle. J. B. MacCallum? concurs in this division and is disposed to
regard segmentation as a form of “reversionary” degeneration. Both
Hektoen and MacCallum regard it as of antemortem occurrence, but
there are not wanting those who regard the condition as a simple artefact.

Amyloid Degeneration.—'I'his never affects the muscle fibers, but the
interstitial cement substance and the bloodvessels. It is part and parcel
of a general amyloid degeneration. It is rare to find the process so
extreme that it can be recognized macroscopically,

Calcification.—This is usually a terminal event in the course of myo-
malacia or of fibrosis, but may be part and parcel of a general lime
metastasis. The deposit of lime salts which is seen so often in the
thickened mitral ring in cases of mitral stenosis may encroach con-
siderably upon the heart muscle, and we have seen one case in which
a large calcareous mass in this situation all but penetrated the wall of the
ventricle,

Degeneration of the Heart Ganglia.—T'his has been described.  Putjatin
found it in various chronic affections of the heart and aorta, and in
syphilis. The changes were fatty and pigmentary degeneration of the
ganglia, with hyperemia and productive inflammation in the neighbor-
hood.  No doubt some nutritional disturbance is at work, but the sig-
nificance of the changes is not made out, farther than that serious inter-
ference with the power and function of the heart is the result.

Rupture of the Heart.- Spontaneous rupture is a rare event, and
never occurs unless the heart has been weakened by disease. The
most frequent causes are fatty degeneration or infiltration of the muscle
and occlusion of the coronary arteries. Less commonly, myomalacia,
abscess, gumma, echinococeus cyst, and new-growths are responsible,
Rarely an aortic aneurism has ruptured into the auricle, as in cases
reported by von Wunscheim® and A. McPhedran.*  Death is usually
instantaneous, but a few cases have been recorded where the patient
has lived several hours or even days. Deposits of fibrin are usually
found in the neighborhood of the tear, and more or less blood is effused
into the pericardial sac.

PROGRESSIVE METAMORPHOSES.

Enlargement of the Heart.—This is due to hypertrophy or to dila-
tation, or both, affecting one or more cavities. In general hyper-

' Amer. Jour. Med. Sei., 114: 1897 ¥ Jour. Exper. Med,, 4: 1509 409,
¥ Prager medizinische Wochenschrift, 18: 1893: 175,
¢ Canadian Practitioner, 21; 1896:57
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trophy of the heart the organ has a more rounded appearance than
normal, and its transverse breadth is greatly increased. The enlarge-
ment may be so great that the heart approaches that of the bullock
in size—cor bovinum.

A, normal heart of rabbit; B, hypertrophied Leart of rabbit due to repe

inoeulations with

mall s of adrenalin extending over several weeks,  The adrenalin cay ntraction of the
arterio htened blood pressure, and inereased heart work From specimens of Dr Klotz

in the MeGill Pathological Museum. Natural size

Hypertrophy.—Hypertrophy is in most cases due to increased resist-
ance to the heart’s action, provided that the muscle is able to respond
to the increased demand. Or otherwise, anything that increases the
work of the heart, short of causing cardiac exhaustion, leads to hyper-
trophy. We may classify the causes as follows:

I. Obstruction to egress of blood.
(a) Endocardial, from stenosis of one of the valves,
(b) Arterial, from diminution of the
contraction of the smaller arte
(¢) Pericardial, from complete synechia.

arterial lumen, sclerosis,

es, ele

I1. Increase in the volume of hlood to be propelled.
(a) Actual increase in the amount of circulating blood,
plethora, Munich beer heart, ete.
(b) From regurgitation, as in mitral and aortic incompetence.
I11. Increase in rate of blood flow.
(a) From tachycardia, as in exophthalmic goitre.
(¢) As a response to systemic needs, as in the athlete.

The chamber to be first affected is that one which first experiences the
musual strain. Thus, in arterial sclerosis, Bright's disease, and aortic
ndocarditis the left ventricle is the first to suffer. In pulmonary

cudocarditis and many lung affections (fibroid tuberculosis, emphysema,
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and pleuritic adhesions) where there is obstruction in the lesser circula-
tion, it is the right.

General ]|_\|n-|lrnp||_\ will, in time, supervene upon partial h_\ln-rlruph_\.
It may occur from overexertion, as in excessive muscular work, hysteria,
neurasthenia, prolonged mental strain, exophthalmic goitre, in peri-
cardial synechiee, and, very commonly, from overeating and drinking.
The Munich “beer-heart” is a good example of general hypertrophy
due to the prolonged overdistension of the vessels with fluid.

( ection of the heart, t w hypert the walls, The cause; increased periy

Pathologiceal Museum, MeGill University

Dilatation.—Reference has been made in the preceding chapter to
the distinetion hetween ‘||||\\iu| ) distension and \|>‘|l||u|nl_vin-;||\
dilatation.  As the hypertrophied he

comes manifested.  Most of the causes that produce hypertrophy are

rt becomes weaker the latter

competent to cause dilatation in time. It is a frequent result of sudden
strain, as in prolonged races.  The most frequent cause of simple dila-

tation is degeneration of the musc usually fatty, such as occurs in
typhoid fever, pneumonia, and other infective fevers, and also in per-
nicious anemia Acute dilatation may also be induced by aleoholi
excess, and experimentally by chloroform and other agents. Local
dilatation (aneurism) has already been referred to.

In dilatation the heart wall is generally thin, flabby, softer than normal,
and pale in color from fatty change. The papillary muscles are thin,
elongated, and the columne carnew are flattened and atrophic,

The determination of the presence of hypertrophy is best made by
consideration of the volume and weight of the heart. "The organ may

e (g




DILATATION

w heart.  Leitz No. 7, without ocular.  Shows large blunt-ended
wsionally dividing i. Nicholls)

clative dilatation of the left ventricle of the heart, Patent foramen ovale. (From the
Pathological Museum of McGill University.)
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weigh from 600 to 800 grams. Stokes records one of 1980 grams. The
average normal thickness of the left ventricular muscle is from 15 to 20
mm., but reference to this standard only gives imperfect information, since
other factors may intervene to prevent a correct conclusion being formed.

Should the right ventricle be mainly involved, the heart becomes as
it were rotated on its long axis, the right side coming more to the front
and the left receding from view. The heart as a whole is plumper and
squarer, and the axis is broadened.

In hypertrophy of the left side rotation occurs in the opposite direc-
tion um] the apex is formed mainly of the left ventricle. The heart is
elongated and more conical. The papillary muscles and columne are
correspondingly enlarged.

Fia, 28

Heart musele invaded by round-celled sarcoma.  Reichert obj. No. 7a, without ocular,
Colleetion of the Royal Vietoria Hospital.)

The hypertrophied muscle is of a marked brownish-red color, with
often the sheen of raw ham. Its consistency is increased so that when
cut it does not collapse, but remains firmly in position,

Microscopically, the muscle fibers are increased in thickness and
probably in number (hyperplasia). The nuclei are very large, deeply
staining, with bluntly rounded ends. Sometimes they appear to be in-
creased in numbers,  Often fatty changes in the bands can be made out

Tumors.—Tumors of the heart can be either primary or secondary
By far the majority are due to the extension of malignant growths from
neighboring parts, as the pericardium, mediastinum, lung, eesophagus
and stomach, or to metastasis,

Primary neoplasms are excessively rare. This is probably to be
attributed to the fact that the heart above all organs is constantly in a
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state of great efficiency. well nourished, well innervated, and functionally
always active, so that it is less likely to take on aberrant growth. The
usual growths are fibroma, myxoma, and lipoma, the relative frequency
being in the order named. These are generally subendocardial in situa-
tion, and form nodular or polypoid outgrowths, which project into the
heart cavity.

Fibromas have been found in various parts of the heart. Age has
nothing to do with their occurrence. One case is recorded in a child
aged three months.  Many of the cases are congenital, and to this class
also belongs the interesting rhabdomyoma, of which twelve examples have
been recorded.! These are hyperplastic growths, with stellate trans-
versely striated muscle cells. One of them was also telangiectatic, and
is, no doubt, similar to a recorded case of cavernous angioma, which
probably was originally a myoma.

The secondary tumors are carcinoma, sarcoma, lymphosarcoma, melano-
sarcoma, and osteoid sarcoma. Metastatic growths may be found in any
position, subpericardial, subendocardial, or intramural.  Metastatic car-
cinoma is recorded, but is rarer than secondary sarcoma: of the latter,
the melanomas present the most abundant metastases throughout the
organ.

The results of such growths are various. When they project into a
cavity, thrombosis and its attendant embolism may oceur; fragmentation
of the tumor, causing disseminated metastases; sudden death from
pulmonary embolism; or, lastly, rupture of the heart.

THE ENDOCARDIUM.

"I'he endocardium, or lining membrane of the heart, consists of a thin
layer of connective tissue, containing elastic fibrille arranged after
the fashion of a fenestrated membrane. The inner surface is covered
with a single layer of flattened endothelial plates similar to those lining
bloodvessels everywhere. Further, the endothelial lining of the heart is
in direct continuity with that of the bloodvessels.

The valves are formed by a reduplication of this membrane in which
the fibrous tissue has become somewhat thickened. 1In the case of the
tricuspid and mitral valves, a few muscle fibers from the myocardium,
together with a few small bloodvessels, pass in to the base of the valve,
but the aortic and pulmonary valves are devoid of even these.

T'he endocardium is richly supplied with lymphaties, and the nerve-

ipply is from a plexus situated in the connective tissue beneath the

ndocardial III)'(‘T.

['he anatomical structure of the membrane has an important bearing

pon the character of the pathological processes affecting it. Since
that portion of the lining usually affected by disease 4s devoid or rela-
tively devoid of_bloodvessels, we get in inflammation a good example
Wolbach, Jour. of Med, Research, 16: 1907: 495; also, Abricossoff, Ziegler's
t 9: 1900,
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of the process as it affects a non-vascular structure, and for the same
reason infective processes of embolic origin are of the rarest occurrence,
Further, when erosion of the endothelium takes place, we find a
deposit of blood platelets and fibrin, with resulting thrombosis.
Lastly the endocardial cells possess a marked phagocytic power.

CONGENITAL ANOMALIES.

Apart from those conditions due to intra-uterine inflammation,
several malformations must be mentioned. Fenestration of the aortic
and pulmonary similunar valves is so common that it need only be
referred to. An abnormal shape of the valves, owing to a loss of sub-
stance on the free margin, is occasionally met with. The number
of the cusps of the aortic and pulmonary valves may be diminished, or
increased to four or even five. The pulmonary valve is the more apt
to be affected. A perfect additional cusp may be inserted, or there may
be me a septum attaching the free border of the cusp to the ring,
thus dividing it into two portions. When an extra cusp is inserted it
may be only one-half the height of the others. Such reduplication
is not excessively rare Three instances have been met with by
us in 1500 autopsies, and two more are recorded by Powell White.!
Three instances of reduplication of the aortic valves was also met with
in our series. Complete doubling of the left atrioventricular ostium
with doubled mitral orifice is much rarer.  Dr. M. E. Abbott figures an
example from the McGill eollection.*

Mitral stenosis and atresia and bicuspid stenosis and atresia arc
recorded.

Hematoma of Valves.—I'hese are small bodies, the color of rasp-
berry jelly and of pin-head size, seen most frequently along the closing
edge of the mitral segments, more rarely near the edge of the aorta cusps.
They are seen only in infants, disappearing in childhood. According
to Kaufmann, they represent unused remains of the (vascular) nodes
or eminences from which the valves are developed. Wegelin,® in «
quite recent publication, points out that in the course of development
small pockets lined with endothelium are formed on the ventricular
aspect of the auriculoventricular valves and on the distal side of the
semilunar valves. These cavities eventually become covered in by the
proliferation of the endothelium to form closed saes.  Valvular hema-
tomas are always found to be covered by endothelium, and Wegelin
holds that they are formed by the extravasation of blood into the
aforesaid pockets.  They ¢ not vascular ectases, as some have

thought.

! Laneet, Lond., 2: IN08: 1194, See also Osler, Montreal General Hospital Report
1880,

? Osler and MeCrae’s Modern Medicine, 4:1908:391

¥ Frankfurter Ztsehrit, [, Pathol | 2: 1909: 411
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CIRCULATORY DISTURBANCES.

Edema.— Marked wedema does not oceur, but a slight grade may
be evidenced by a shiny gelatinous appearance of the endocardium.

Hemorrhages. Subendocardial  hemorrhages occur  from  blood
dyserasias, such as scurvy, morbus maculosus Werlhofii, pernicious
anemia, leukemia, and in the infections, like scarlatina and smallpox.
Venous hyperemia or increased arterial pressure may lead to rupture
and hemorrhage.  When, in consequence of inflammation, newly formed
capillaries are present in the valves, plugging of these may lead to hemor-
rhagic infarction of the segments.

Blood Imbibition. A reddish staining due to blood imbibition is
often met with. It is most probably a postmortem change and is specially
common in septicemia and in infection with the B. Welchii.

Thrombi. When atheromatous uleeration of the endocardium exists,
or stenosis of any of the ostia, thrombi are apt to form in the cavities.
These may form a dense layer over the atheromatous plaques, or may
form polypoid excrescences.  Oceasionally a ball thrombus may be pro-
duced.  "T'his form is fairly frequently seen in the left auricle in cases of
mitral stenosis. A ball thrombus may soften in the centre and form a
bladder-like mass containing puriform or grumous fluid.  Thrombi also
occasionally ealeify,

Among other causes of thrombosis may be mentioned dilatation
of the heart, slowing of the blood stream, and changes in the composition
of the blood.  "Thrombi are usually found in the right side of the heart,
particularly in the appendix and near the apex, but are not uncommonly
present in the left auricle. A distinetion should be made between true
thrombosis and the clotting of the blood that is so commonly produced
at the time of death or subsequent to it (see p. 58). Postmortem
clots are soft, moist, translucent, and elastie, and are of a yellowish-red,
ormixed color.  Extensive oily looking yellow clots are common in those
diseases where leukoceytosis is a marked feature, notably pneumonia.
Real thrombi, however, are reddish gray, dry, friable, and opaque. They
are generally firmly adherent to the endocardium, which often shows
some pathological change.

The thrombi produced intra vitam ave of grave significance, as they
may lead to obstrnetion of the valvular orifices or to emboli in distant
parts.  Ewart and Rolleston' have reported a case where a thrombus
arising from the fossa ovalis passed through the mitral orifice and gave
rise to signs of mitral stenosis,

INFLAMMATIONS.

Endocarditis. Inflaimmatory changes in the endocardium may
affect any portion of it, the valves, the tendinous cords, the papillary

! Clinical Society's Transactions, 30: 1807 190,
vor, n—11
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muscles, or the mural lining. The valvular form is by far the commonest,
and is often associated with inflammation of the neighboring heart
wall.  For the mural endocardium to be alone affected is one of the
greatest rarities,

Acute Endocarditis.—Primary endocarditis i d to oceur, and does no
doubt from a clinical point of view, but careful search post mortem often
reveals an external cause for the condition, so that from pathological
experience we must believe that every case is secondary to some other
condition, such as intoxication or infection. Indeed, it may even he
doubted whether intoxication has any influence except as a predisposing
cause, and whether all acute cases are not due to bacterial invasion.

Repeated studies have proved that the cases usually classed as “simple”
are due to microirganisms.  Consequently, the old division of endo-
carditis into “simple” and “uleerative” no longer holds good except
for convenience of description, for these terms merely represent grades

in the one process.

Etiologically, the condition cannot be regarded as a distinet entity,
for a great ety of microirganisms enter into its causation.  Strictly
speaking, it is more correct to speak of a pnenmococeus or streptococeus
infection, ete., with endocarditis,

Acute endocarditis may occur as a secondary manifestation in the
following diseases: chorea, inflammatory rheumatism, septicemia, pneu-
monia, searlating, tonsillitis, erythema nodosum, peliosis rheumatica,
Bright's disease, diabetes, pyelonephritis, tuberculosis, smallpox, tvphoid,
ignant growths.  That overstrain is a possible cause

gulllll'lllu'n. and mg
j is to some extent supported by experimental evidence.!

The bacteria at work are numerous and the infection may be mixed
I The chief organisms are Diplococeus pneumonige, Streptococcus parvus,
F' Streptococens  pyogenes,  and .\'l;«ph_\ lococeus pyogenes aureus; but
| B. coli, B. diphtheriee, B. influenze, B. pyocyaneus, gonococeus, B
! tuberculosis, Micrococeus endocarditidis rugatus, Micrococeus endo-
L carditidis capsulatus, and B, endocarditidis griseus, have been met

with.

Endocarditis due to the Gonococeus is now well recognized, although
many cases oceurring in gonorrhaea are the result of secondary infection
with pus organisms.  Thayer and Lazear® have analyzed sixteen cases
{ The lesions usually are uleerative with large vegetations, and the aortic

valve may be affected

A peculiarity of endocarditis that deserves mention is its tendency
to relapse.  Atheromatous valves are also liable to become inflamed
Statistics show that acute inHammation supervenes on chronicall

| sclerosed valves in from 60 to 90 per cent.
i With regard to the frequency with which the various valves are in-
volved, Washhourn® refers to 300 cases of infective endocarditis; the

' Roy and Adami, Brit. Med. Jour., 2:1888: 1325
* Johns Hopkins Hospital Bulletin, 7: 1896: 57,
' The Pathology of Infectious Endocarditis, British Medical Journal, 2: 1899 1260
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mitral was alone affected in 115, the aortic and mitral together in 73, the
aortic in 69, the tricuspid in 28, the pulmonary in 19.

Acute Granulating Endocarditis.—Acute granulating endoearditis, some-
times called simple or rheumatic endocarditis, is produced by the nva-
sion of the endothelial and subendothelial cells ",‘ bacteria reaching these
tissues from the blood stream. The germs are, no doubt, taken up by
the phagocytic action of the endothelial cells and soon spread to the
deeper parts, where they produce swelling and coagulation necrosis of

Fra. 20

ute verruoose endocarditis affecting the mitral’ valve
1 is seen as u dark band along the closing surface of the t
il Museum of MeGill University.)

the affected region.  "This process begins on the closing surface of the
vitlve, and at first leads to a grayish, condensed appearance.  The endo-
thelium is soon shed, and as a result a thrombus, formed at first of blood
platelets, but ultimately of leukocytes and fibrin, is produced.  This
results in the formation of warty excrescences or granulations (endocar-
ditis verrucosa), either as small nodules, or villous or polypoid out-
growths (vegetative endocarditis) that may reach the size of a plum

I'hese are p:ll'lix-n|;u'|.\ |;n‘,,:v~ n pneumococeus and gonorrheeal cases,
Subsequently, the intimal cells proliferate and there is an exudation
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‘r" of leukoeytes. This is a late event in the case of the aortic and pul-
4 monary valves, as they do not contain bloodvessels, but may be a
marked feature in the mitral and tricuspid forms from an early stage
New bloodvessels may be formed and grow into the exudation, so that
typical granulation tissue is produced.

That the infection may take place through infective emboli in the
bloodvessels of a valve is said by some to occur, but Orth, in a wide
experience, has never met with an instance of it, although it is eertainly

wffecting the aortic valve and the wall of the left

e Pathological Museum of MeGill Universit

possible in |vL||ni|w_’ cases, when new vessels have been formed in the
cusps.  Welch has pointed out the striking similarity between the endo
carditic process and venous thrombosis

In very severe cases the necrotie process is in excess of the reparative

When this is the case, if the granulations be broken off, we often se
little areas of suppuration in the affected valve (endocarditis pustulosa
This leads to actual uleeration with necrosis, rupture, or perforation of
the valve, and the formation of an acute valvular aneurism

The characteristics of endocarditis ulcerosa acuta are that a part of th
valve is destroyed while the remainder shows signs of a fresh inflamma
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tory process. I'he process reminds one of pharyngeal diphtheria, and
in its earlier stages might easily be overlooked. The first stage is a small,
somewhat opaque, yellow patch, with a slightly uneven surface. In
other parts such & patch may show a distinet loss of substance. Upon
these shallow ulcers reddish-gray thrombotic masses are deposited,
which may attain considerable size, If the clot be carefully removed,
the tissue beneath is seen to be swollen, uleerated, and of a yellowish
color,

Microscopically, such a section would reveal in the fibrinous deposit
countless bacteria.  T'he tissue about the microorganisms shows coagula-
tion necrosis with loss of the nuclei.  Later on in the process there is
a definite leukoeytic infiltration of the necrosing parts.  In relapsing
cases we often see newly formed capillaries distended with blood, and
lu-wuvnll.\ ||r1||u|“'|m;_'|- imto the inflamed area. T'rue ~llpl)lll‘;|liun in
this form is decidedly rare

The affection may \|n'r:|<| to the base of the valve, to the tendinous
cords, or to the endocardium of the ventricular and even of the auricular
\\[l”.

An unbroken continuity of the inflammatory process is not necessary,
as the inflamed areas may be ~|un'n<|i1‘ in their distribution. T'his is
due to the vegetations on the valve coming in contact with the heart wall
during the movements of the heart, thus bringing about a direct infec-
tion. In the milder forms, healing may take place with fibroblastic
change and caleification.  Generally, however, the condition leads sooner
or later to death

One of the results of acute endocarditis may be that small portions of
the thrombi may break loose and cause infarction in the brain, spleen,
or kidnevs,  These are the more dangerous if they contain micro-
organisis, for in this way miliary metastatic abscesses are produced,
Besides the production of incompetence or stenosis of a valve, already
referred to, the inflammation may spread to the myocardium or even the
™ ricardium, and sometimes leads to abscess of the heart d rupture,

Chronic Endocarditis.—"I'here are, etiologically, two conditions which,
since their end results are very similar, have until the last few years been
regarded as one process under the common heading of Chronie Endo-
carditis,  T'hese are chronie endocarditis proper or secondary sclerosis,
ind primary or work sclerosis

Secondary Sclerosis.—It is the outer non-vascular portions of the
valves, along the proximal margin of the line of apposition of the cusps,
that, with rare exceptions, become the primary seat of acute inflamma-
tion.  And, to repeat, the succession of events occurring in the inflamed
wreas is identical with that 1 in the cornea and other non-vascular
ireas, with, in addition, a marked lability to the formation of thrombotic

cgetations upon the uleerated surfaces.  Thus, save when the process

umes a rapid, progressively destructive type, there occurs a vasenlari-
ition of the cusps, and later a new-growth of fibrous cicatricial tissue
in the region of the previous uleer; this, in part through proliferation of
he connective tissue of the deep layers of the cusps in part through
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organization of the thrombi. The result, therefore. of a single localized
focus of ulcerative inflammation is a loeal fibrosis with some contraction

of the involved area of the cusp.

Thus, localized cicatricial areas may surely be ascribed to previous in-
flammation.  The cusp so affected, becoming deformed, is relatively
weakened, and at the same time subject to increased strain in the per-
formance of normal function. Hence, in the first place, as a locus minoris
resistentiee, it is more liable to succumb to a second infection if patho-
genic agents again appear in the cirenlation, and hence, more particularly
in acute theumatism, in which recurrent infection is peculiarly liable to
ocenr, we are apt to find indications, elinical and anatomical, that the

! Ca i f the aort al . egurgitation,  Dilatation of the left ventricl
strophy of the columne enrnew.  (From the Pathologieal Museum of MeGill University
| l same valve (most often the mitral) has been the seat of |r|w.|hw| attacks
'} of inflammation, and, as a consequence, exhibits extensive fibrosis and
’ deformity.  In the second place the deformed valve cannot function
1 normally: the new tissue is not the equivalent of the old: now under
| i what for a normal valve are normal conditions it is subjected to strain,
” and the result is that u-mpllv.um: the inflammatory sclerosis, there is a

marked liability for adaptive or work selerosis to show itself of the type
to be deseribed immediately. Tt is this frequent combination in the
same cusp of the two types that renders it difficult in case after case to
distinguish the sequence of events

Primary 8clerosis.-In discussing the nature of arteriosclerosis in
Chapter VIIT it will be demonstrated that the pronounced fibroid
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thickening of the intima of the arteries seen in this condition is the
direct result of increased strain to which this layer may become sub-
jected: that, in brief, increased work within physiological limits leads to
increased growth of connective tissue, as of other cells ¢ the organism.
That strain, we shall show, may be brought « L ither actual or
relative increase in the blood pressure. Now, w s g this condi-
tion of arteriosclerosis we encounter time and again wical condition
of, more particularly, the aortic valves, although in succession all the
valves may come to show the same changes. ("'hese valves, it must be
remembered, are merely folds of the vascular intima.)  Namely, we find
that the cusps are the seat of a diffuse fibrosis. T'he new tissue is laid
down in orderly layers, the most superficial being the most recent; it is
non-vascular; there is the greatest development in those parts of the
cusps that are subjected to the greatest strain—at the bases and along
the margins of apposition of the aortic cusps; along the areas of appo-
sition of the mitral cusps; the deeper layers like those of the sclerosed
intima are apt to exhibit hyaline degeneration necrobiosis or atheroma,
caleification and uleeration.  "T'he process is identical with what we find
in arteriosclerosis, and just as in that condition we conclude that the
intimal changes are non-inflammatory, so we cannot but conclude that
this type of valve thickening is equally non-inflammatory.

But now, just as in the inflammatory type, a strain sclerosis is apt to
supervene, so it has to be recognized that in this there may he second-
ary inflammatory disturbances.  "T'he valves are abnormal and so more
liable to irritation.  Thus, it is not uncommon to find the aortic cusps
nndergoing fusion along their opposed angles.

In both forms of selerosis we find certain common features.  T'he new
connective tissue manifests the characteristic tendeney of new connective
tissue in general to undergo contraction, henee the aortic and pulmonary
cusps undergo shortening along their free edges, with resulting incom-
petence. It is usual to state that the mitral cusps undergo fusion. This
15 a false conception.  The mitral and the tricuspid do not possess dis-
tinct eusps: they form a veil or tube hanging into the ventricular cavity,
which veil is now longer, now shorter, but continuous around its whole
circumference.  The length of the different portions varies considerably
in different individuals.  When there is fibrosis and contraction, it de-
pends upon the relative proportions of the different sections whether
there develops a funnel-shaped or a button-hole stenosis, the latter
oceurring when the short areas joining the longer so-called cusps are of
small dimensions.

In both forms also, degenerative changes, caleification and athero-
matous uleeration, may show themselves, as also the chordw tendinew
may undergo thickening and contraction, the latter at times so extreme
that the cusps appear to be inserted upon the apices of the papillary
muscles,

Tuberculosis.—The occurrence of simple (so-called) endocarditis
in connection with tuberculosis elsewhere is not uncommon in our
experience.  I'rue tuberculous lesions of the valves are, however, rare,
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Miliary tubercles have been seen on the valves in cases of general miliary
affection, but such are more common on the mural endocardium about
the conus arteriosus pulmonalis.  The specific bacilli have been detected
in the lesions. The experimental work of Michaelis and Blun has
demonstrated the possibility of this form.

Syphilis is also rare.

Traumatism. Rupture of one of the cusps of the healthy aortic valve
is recorded, but, as would be expected, is more often found in a diseased
valve. It is due to excessive muscular strain.  The tendinous cords
may give way from the same cause,

ALTERATIONS IN THE SIZE OF THE OSTIA.

Tricuspid Valve. Stenosis.—Stenosis of the tricuspid valve may
be congenital or acquired.  The congenital form is due either to a defect

showing stenosi= of aortic, miteal, and pulmons \ |

he Puthological Museum of MeGill University

Heart viewed from

of development or to foetal endocarditis. 1t is rare for the tricuspid
to be alone affected, | ~||.|||) mitral stenosis exists as well; less fre
quently both mitral and aortic stenosis are present. Rarely, an adherent
thrombus may obstruet the passage

Insufficiency. |nsuflic iency is usually caused by relative dilatation of
the right ventricle owing secondarily to mitral lesions and to affection
that increase the vascular tension within the lung, such as emphysema
and fibroid induration.  Primary insufficiency due to endocarditis i
not common,

Pulmonary Valve.- S8tenosis.  Stenosis of the pulmonary ostinm i
almost invariably congenital, and is generally associated with grave
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defects of development, such as patent ductus Botalli or imperfect septum.
Rarely, in endocarditis, a thrombus may more or less completely ocelude
the opening.

Insufficiency. — Insufficiency is excessively rare. It may occur from
rupture of an acute aneurism of the valve, or from other manifestations
of endocarditis,

Mitral Valve. - Stenosis. - Stenosis is nearly always caused by
endocarditis, and is usually combined with insuffici iency. As a rule,
the obstruction is l»mugln about by the fusion of the valve segments,
together with caleification, so that a narrow orifice is produced. An
adherent thrombus upon one of the cusps may produce a similar effect.
Not only does the thickening and fusion of the cusps lead to obstruction,
but, owing to the impossibility of closure, leakage is a common result.
The relationship between the stenosis and regurgitation varies con-
siderably in different cases,

Insufficiency.— Insufficiency may he due to loss of substance of the
cusps, retraction, or dilatation of the ventricle (relative insufficiency).

Aortic Valve. Stenosis. 'ure aortic stenosis is rare. It is due in
part to the fusion of the semilunar valves or to narrowing of the aortic
ring, but the most important element is the deposit of lime salts in the
cusps and ring.  This prevents the proper collapse of the cusps during
systole.  Aortie stenosis is commonly associated with insufficiency.

Aortic Insufficiency. Insufficiency may be due to uleeration and loss
of substance of the valve or to the contraction that results from chronie
endocarditis,  Rarely, it is due to rupture of a cusp.  Relative insuffi-
cieney is not very uncommon, and is usually secondary to dilatation of
the left ventricle, or to dilatation of the first part of the aorta from
atheroma or aneurism.

The Lesions Associated with Valvular Disease. In acute endo-
carditis the heart muscle is invariably affected to some extent, owing to
the action of the same toxie cause.  We find not only eloudy and fatty
degeneration of the fibers, but also in some cases acute interstitial
myocarditis, and hyaline thrombi in the smaller vessels.
|"‘||l

\gzain, acute
arditis may be set up.  This is_more frequent in children, and
15 most likely to occur in aortic endocarditis, for the reason that there
is but a small distance between the valve and the pericardial sae, viz,
the thickness of the aortic wall. It is fairly common at autopsy to
find in cases of endocarditis fine adhesions at the upper cul-de-sac
of the pericardium.  Small portions of the vegetations may break off
and give rise to embolism in remote organs, or, if infective, to multiple
abscesses.

In the case of chronic endocarditis, changes in the heart wall are
often marked.  In the degenerative and selerotic form, the coronaries
are apt to be affected from the same canse, leading to myode
In aortic insu

generation
ney, owing to the imperfect filling of the aorta, the
blood pressure within the coronaries is diminished, and, in consequence
the heart hecomes atrophic.  Banti has also pointed ont that venous
stasis within the heart causes degeneration of the muscle bands and
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interstitial fibrosis, a condition that he terms venous cirrhosis. A most
important result of valvular affections is hypertrophy and dilatation
of the heart muscle and cavities. ‘T'he mechanics of this, however,
has been discussed fully in another place (see p. 129).

RETROGRESSIVE METAMORPHOSES.

Degenerations. Fatty Degeneration.—Fatty degeneration appears
in the form of slightly elevated scattered patches of a yellowish-white
color upon the valves, less frequently on the mural endocardium.
These are due to the transformation of the protoplasm of the connective
tissue and endothelial cells into fat.  In advanced cases, fat droplets
may be seen in the spaces between the connective-tissue cells, The
condition is met with usually in elderly people, but is not very uncommon
younger individuals, in cases of marasmus, anemia, valvular disease,
mtoxications, and infections. "T'he first stage of atheroma is fatty change.

Mucoid Degeneration. Mucoid degeneration occurs particularly in
advanced life and almost without exception upon the valves.  Circum-
seribed nodules of gelatinous appearance at the closing edge of the valve
are of this nature. They may contain true myxoma cells or may be
merely masses of gelatinous substance.  The condition is often associated
with fatty degeneration.

Hyaline Degeneration. T'his is met with in the valve segments or
mural endocardium as a late transformation of connective tissue,

Qalcification. A deposit of lime salts is not infrequent in atheromatous
processes in the valves, oras a result of chronie valvular endocarditis.
The formation of cartilage or bone in a valve is rare.

Amyloid Disease. - Amyloid disease not infrequently affects the sub-
endocardial connective tissue under the same conditions as elsewhere,
It is often combined with hyaline degeneration.

PROGRESSIVE METAMORPHOSES.

Tumors  have already been dealt with under the heading *“Myo-
cardium.”  Kanthack and Pigg" have recorded a unique case in which
a carcinoma of the testis, or, more accurately, a teratogenous blastoma
(see vol. i, p. 660), formed secondary growths lving free in the right heart
and inferior vena cava.

P leans. Path, Soe., London, 48: 1897 1301,




CHAPTER VIIL
THE VESSELS, VASCULAR FUNCTION AND ITS DISTURBANCES,

W are apt to repeat glibly that the arteries are composed of three
coats—intima, media, and adventitia—and with this to regard the whole
arterial tree as uniform throughout, save that the constituents of the
different coats become progressively reduced as we pass from the aorta
to the arterioles. Undoubtedly there is a certain amount of truth in
this general conception, but undoubtedly, also, we have thus far allowed
the view to prevail too fully, to a neglect of the study of the histology of
individual arteries.  We still need, for example, more exact information

egarding the extent and variations in the deeper musculo-elastic layer
of the intima, to which Jores has called attention, and, as Meigs points
out, until we study the arteries of different regions not under various
degrees of contraction as we encounter them in the usual run of post-
mortem tissue, but uniformly expanded (and this has not been done),
we obtain wholly false ideas as to the relative development of the dif-
ferent layers.

Failing such exact study, we have to content ourselves with laying
down that the arteries may be divided into the two broad groups of those
of the elastic type, and of the muscular, respectively. The presence of
abundant layers of yellow elastic tissue such as we find characteristically
in the aorta and its main branches connotes two things: (1) That
the vessel is capable of undergoing passive dilatation up to a certain
point, and of returning passively t¢ the normal when the distending
force is removed; and (2) that only with difficulty can it be contracted
beyond a certain mean, the very elasticity of the tissue acting as a counter-
acting force against obliteration or collapse of the vessel.  Here it may
be noted that the wrinkled, wavy appearance of the internal elastic
lamina, the * plicated” membrane, or, as the French term it, the ** bande-
lette,” of medium-sized arteries is a postmortem appearance, due to rigor
and contraction of the muscle coat.  "This appearance, of course, must
be reproduced when the arterial muscle is contracted, but be absent in
the uncontracted vessel.  As we shall have to note later, even in arteries
of the elastic type, there is fairly abundant muscle in the form of layers
between the elastic sheaths which must play a part in modifying the
caliber. It is generally accepted that this musculature, from the begin-
ning of the aorta down to the smallest arterioles, has the property of auto-
matic contraction similar to that possessed by the heart muscle. It is
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at the other exticine, in the arterioles, that the muscular sheath is most
prominent, the elastic least.!

Very slight changes in the tonus of the small arteries of the body must
induce great changes in the stream bed, and must materially alter the
volume of the blood passing through the vessels and the presence of the
same,

So far as we can see, capillary contraction must be left out of accoun
as a primary factor in causing rise of blood pressure. With Meltzer
and Leonard Hill we are prepared to admit that the capillaries possess
some power of contraction; we doubt, however, whether this is sufficiently
great to be of any effect when the arterioles are uncontracted and supply
blood to the capillary area at relatively high pressure; only when the
arterioles are contracted and the blood supply low does it appear possible
that the contraction can be effective. It is by capillary contraction under
those conditions that we would explain the rather striking pallor of the
ordinary arteriosclerotic individual.*  "T'he size of the capillaries, that is,
depends in the main upon the amount of arterial blood supply on the
one hand, the venous pressure on the other. At the same time, the capa-
city of the capillary system is so much greater than that of the arterioles,
that were the latter generally dilated, the free passage of blood into the
wider capillary channels would almost immediately empty the arterial
tree and bring the circulation to a stop by the individual bleeding
into his own capillaries.  We know that this may happen when dilata-
tion occurs merely of the arteries of the splanchnic area.  The muscular
arterioles, then, as guarding the gateway into the capillaries, are, with the
heart, the main agents in maintaining the circulation; and, as a rule,
through the marvellously developed vasomotor apparatus, they act in
absolute harmony with the heart on the one hand, with the needs of indi-
vidual organs on the other.  Now one, now another organ may demand
a larger blood supply, and presumably in the main, through reflex stimu-
lation, the arteries to that organ undergo dilatation, but with this, pre-
sumably also in the main under the control of the vasomotor centres,
other arteries contract, and thus a mean arterial blood pressure of about
120 mm. Hyg is preserved with great regularity.

"It may well be that the size of a plain musele fiber relative to the ealiber of a
vessel determines to some extent the need or lack of need of an elastie-tissue frame
work; that in an arteriole, for example, the range of contraction of a musele fiber
relative to the load that fiber has to bear (namely, to the blood pressure) may be
such that there is little danger of overextension of the musele; that, in short
the presence of elustie tissue in the aorta and larger arteries is a factor of safety
preventing execessive strain on the muscular elements of the wall.  In a small artery
a very slight expansion or contraction of the eircular fibers will induee a relatively
great alteration in the size of the lumen, altogether out of proportion to the chang
in size of the large aorta produced by the same extent of contraction of its museula
ture,

! With prolonged reduction of blood supply to
a venous congestion owing to the lack of vis a tergo; this, characteristically, is wanting
in the arteriosclerotic as contrasted with the sufferer from Raynaud’s disease,

't we should expect to obtain
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Everyone is familiar with the existence of vasoconstrictor and vaso-
dilator nerves; we need not here enter into a description of their action ;
what is important is to determine whether these alone determine the
contraction and expansion of the arteries. T'he indications are that we
have the identical problem before us that we had in connection with
the heart. ‘There is evidence, that is, that besides the central nervous
control exerted from centres in the bulb, there exists a system of nerve
cells with processes tending to form a plexus in the arterial wall, and
further, that the muscle fibers of the media are capable of direct stimula-
tion.  Cut through the nerve supply of a limb, and immediately the arte-
ries lose their tone and dilate, but eventually, although still unconnected
with the central nervous system, they regain their tone.  There is one
very important series of arteries in which no one has yet been able to
discover any proper vasomotor system-— namely, the cerebral arteries,
At most, individual nerve cells are to be made out in the arterial walls,
provided with processes; from which it would appear that these cerebral
vessels possess a self-regulating apparatus—that the condition of the
brain matter and the nature of the cireulating blood determine the blood
flow through them. “The indications are that the brain is superior to
all other organs, and that it governs its own blood supply untrammelled
by vasomotor interference from other parts,

The above conditions might be determined through the local nerve
mechanism.  On the other hand, we know how rapidly nerve cells die
when cut off from their blood supply or when removed from the living
body.  Now, as MacWilliam has shown, the larger arteries removed
from the body after death respond to direet stimuli, and are capable of
a strong contraction many hours after death.  More precise data to the
sume effect have been supplied by Brodie and Dixon,' who have shown
that the vasoconstrictor nerves to the limbs are no longer irritable
three hours after death, while six hours after death the arteries still con-
tract under the influence of adrenalin. This indicates independent
contractibility of the arterial muscle fibers in response to direct stimuli.
We will not here discuss the finer points hrought out by those observers,
Ellicott® and 1L 1L Dale, as to the existence of modes of stimulation
through the neuromusenlar junction and through the musele substance
proper.  Adrenalin, pituitary extract, and ergot have all been shown to
act directly upon the arterial muscle, and judging from the similarity
of their effects, the same is true of a large number of other bodies, barium
chloride, nicotine, ete.  We must accept, therefore, all three modes of
stimulation as inducing contraction of the arterial muscle, giving the
place of honor, in normal conditions, to control from the vasomotor
centres. It is this that determines the dilatation with profound lowering
of the blood pressure seen in syncope and shock.  Whether it is the
essential canse of general relaxation of the arteries, with lowering of the
blood pressure seen in the acute fevers, is still a matter of some debate,

' dour. of Physiol, 30: 1904: 401,
¥ b, 32: 1905: 101
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That relaxation may show itself early in a fever is evidenced by the dicrotic
pulse, and then it may be accompanied by no weakening of the heart
action, but, if anything, by the very reverse. It has to be admitted from
the experiments of Roger and others that different bacterial toxins act in
different degrees upon the different segments of the codrdinating appa-
ratus; some, like the diphtheria toxin, appear to act directly upon the
heart, others directly upon the arterial wall. But the general trend at
he present time, strongly supported by the experiments of Romberg
and his pupils, is to lay the greatest stress upon the direct action of the
bacterial toxins upon the vasomotor centres in the medulla. The oppo-
site condition of vasocontraction has, of late years, attracted not a little
notice, and that from a clinical point of view. ‘The indications are that
arterial spasm —prolonged extreme contraction of the arteries of indi-
vidual areas —is a not uncommon condition. "T'o this condition and its
results we have referred in discussing Raynaud’s disease.  Pal' more
particularly has studied the vascular crises affecting the splanchnic
vessels; Osler and others, the contracture of arteries of the lower
extremities leading to intermittent claudication or limping, due to the
studden eutting off of blood supply and muscular anemia.  As Sir Lauder
Branton indicates, arterial contraction probably plays an important
part in a very common form of migraine known at times as “bilious
headache.” In this form, with the development of premonitory symp-
toms, the blood pressure is found distinetly raised well above the normal,
and it continues to rise.  Such rise can only he due to arterial or arteriolar
contraction, and. as a matter of fact, superficial arteries, like the temp-
orals, can be seen firm, contracted, and whipcord-like.  When the
condition has become almost unendurable, and the patient finds himself
thoroughly exhausted, the attack passes off, the headache disappears,
the pulse becomes soft, the cireulation resumes its normal condition.
In such cases there would seem to have heen not merely a local, but a
general vaseular erisis; it is difficult to explain the raised blood pressure
otherwise,  How this is brought about we cannot positively say; those
liable to the condition know full well that certain errors in diet surely
invoke this Nemesis, 1t is possible, on the one hand, that certain products
of imperfect metabolism or other poisons act generally on the arteries,
but the direet action of the same on the vasoconstrictor centres wonld

equally explain.

Here, leading up to the consideration of arteriosclerosis and its cansa-
tion, a phenomenon must be noted which has been emphasized by
Leonard Hill —namely, the paradox that arteries tend not to expand but
to contract under heightened internal pressure, and this so immediately
that the contraction must be a local reaction, not reflex.  When in con-
junction with this we realize that the smaller the circumference of the
artery the greater is the effect of the contraction of the muscle cells upon
the reduction of the arterial lumen and the diminution of the blood
stream, we are led to see that this phenomenon leads to the establishment

! Pal, Gefasskrisen, Leipz., 1905, S, Hirzel,
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of a vicious cycle. The higher the blood pressure, the greater becomes
the contraction of the arterioles; the less, therefore, the blood supply
to the tissues and the greater the call upon the central nervous system
for more blood. Whether from reflex stimulation of the heart to in-
creased activity in order to supply the tissues, or from direct automatic
action of the increased aortic pressure in raising the intraventricular
pressure, and so stimulating the ventricles to more forcible contraction,
the blood pressure becomes yet higher, and, as a result, the arteries still
further contracted. It is along these lines that we would explain the
progressive rise of blood pressure and contraction of the smaller arteries
in migraine. In this order of cases we must suppose that the eventual
result is a veritable spasm of the arteries, which continues until the
muscle fibers become exhausted, dilate, and cause lowering of the blood
pressure and return to the normal.  “That exhaustion is the only means
whereby, in general, the blood pressure, once raised, becomes reduced,
we do not for a moment mean to suggest.  These vascular erises are the
exception and not the rule; there must be other reflexes; must, for ex-
ample, be the means of pouring into the blood substances which neutralize
the agents causing arterial contraction and high blood pressure in the
first place.  But in this class of cases these opposing agencies must be
cither inadequate or temporarily inhibited.  The studies on the ductless
glands have demonstrated that the system produces both internal secre-
tions, which raise the blood pressure (e g., products of the activity of
the adrenal and pituitary bodies), and others which, on the contrary,
reduce it (e. g., the thyroid extract). At most, what we desire to empha-
size here is that arferial contraction, and particularly a generaliz
arteriolar contraction, is the primary cause of heightened blood pressure.
It would require a very much greater increase in force and frequency
of the eardiae contractions to raise and maintain the blood pressure that
we ordinarily encounter if, with rise of blood pressure, the arteries
underwent a corresponding dilatation.  The drugs which characteristic-
ally cause heightened blood pressure of any duration act by contracting
the arterioles,

Clinically, what is a more common event than arterial spasm is a
persistent rise of blood pressure, or state of *“hyperpiesis,” as Sir Clifford
Allbutt has termed it.  In this, for long periods the blood pressure,
instead of being in the neighborhood of 120 mm. Hg, is raised to 180,
200, or 250 mm. Hyg., or even higher. 1t is this continued rise of blood
pressure, due as we have said to increased contraction of the arterioles,
that is the commonest precursor of arterioselerosis

ARTERIOSCLEROSIS.

Strange to say, for that which, in eivilized lands among those attain-
ing adult life, is the commonest of all morbid states, we possess no
ulequate and comprehensive name. It is a condition in which evi-
dently the arteries are primarily involved, and what is the most obvious
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lesion is a fibrotic thickening of the intima, whence the term arterio-
sclerosis has obtained wide acceptance. It is, however, doubtful whether
sclerosis (hardening) is the essential change, and certainly the later
stages in the larger vessels are of the nature of a softening and degenera-
tion; whence Marchand has suggested the name atherosis, and this is
being widely taken up by German workers.  But here again the
“adgey," or porridgy state of intimal degeneration, only affects the
larger arteries, and is a secondary and not a primary condition. ‘The
name given thirty vears ago by Gull and Sutton of “arteriocapillary
fibrosis" is quite as defensible, and that becanse a fibrosis of the arterioles
characterizes the most important group of cases, and has a very clear
relationship to the development of the changes seen in the larger vessels.
We shall speak of general arteriosclerosis, waiting for some thoroughly
satisfactory name to be proposed in the future,

More acenrately there are two main causes of arterioselerosis, either
(1) increased strain thrown upon the arterial wall by heightened blood
pressure, or (2) a weakened state of the wall, either from congenital
causes or from disease of the same.  If the pressure be normal but
the walls weakened, the results are of the same order as when the
pressure is heightened but the walls of normal resisting power. It
15 the lack of recognition of this central fact that is at the bottom of
the confusion that has reigned all these years regarding the etiology of
arteriosclerosis. It is not high pressure alone that causes arterioselerosis;
that condition may show itself without rise of hlood pressure above the
normal; but it is the ratio between the resisting powers of the vessel wall
and the pressure to which they are .vul:/wh d from within. 1T this be ace-
m-plml. then, wm»lu”_\. we are foreed to realize that the arterial tree is
by no means necessarily equally resistant in all its parts.  In some indi-
viduals, whether from hereditary or acquired conditions, the aortic
wall is relatively weak compared with the walls of the smaller vessels;
in them the aorta may become affected when there is little or no change
in the smaller arteries or arterioles.  In others the ta is resistant and
the smaller arteries weak and apt to show arterioselerotic change.  In
others the change is universal - although in these the series of alterations
seen in the smaller vessels are from a histologieal point of view wholly
different from those seen in the aorta.

Before going farther and adducing the observations upon which
these statements are based, it becomes essential to deseribe briefly the
changes seen in arteriosclerosis of arteries of ditfferent size, that the series
of changes to which we must refer may be clearly understood,

Aortic Arteriosclerosis. 'I'lie slightest change observable in the aorta
is the appearance of small streaks in the intima, opaque, white, fatty
looking, and tending in general to a longitudinal arrangement.  Thes
are most common in those dyving from infection and acute intoxication
Microscopic examination shows that they are not, as usually considered,
confined to the endothelium, but represent a fatty degeneration of the
deepest layer of the intima, the musenlo-clastic layer.  Their arrange-
ment and position makes us doubt whether these “fatty streaks” bear
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any relationship to the series of changes to be presently noted con-
stituting arteriosclerosis proper.

Besides these, as demonstrated by Klotz and confirmed by Saltykow,
certain bacteria and their toxins lead to a definite proliferation of the
aortic endothelium and intima—a true proliferative intimitis, Again,
we are doubtful whether this should be regarded as a true arterio-
sclerosis, or, more accurately, we lack evidence that this intimal thicken-
ing proceeds onward to afford the familiar picture of the atheromatous
aorta.  The typical arteriosclerotic aorta shows changes which, to the
naked eye, characteristically affect the intima. That undergoes a
notable thickening, not uniform but nodose, although in advanced
cases the thickened plagues may be so close that they fuse into large
areas.  In these plagues we observe a succession of stages.  The slightest
cases are those of either proliferation of the superficial layers of the in-
tima, forming a layer of dense fibrous tissue, the fibers running parallel
to the surface, or of a somewhat similar proliferation of the deeper,
musculo-elastic layer of the intima, not so purely fibrous, but exhibiting

Section of the uorta from s onse of nodose arterioselerosis, to show the bulging and thinning

o the media, prepared by Dr. Mathewson. — x 8 diameter The section shows also the hynline

logeneration of the er layers of the overgrown intima, and the persistence of a fine layer of
loss altered intima tissue immediately beneath the medin.  The media in this ense showed
It ealeareous degeneration in patches with some hyaline change

also a proliferation of yellow elastic tissue.  In either case we deal with
simple hyperplasia of the intima, with no sign of leukoeytie infiltration,
of new vessel formation, or of inflammation as usually accepted.  More
often we encounter degenerative changes in these plagues. The layers
nearest to the intimal surface may show little or no change, but deeper
down (1) the |:|)('l‘~ hecome swollen and ||\:||i|ll. or ( as a more ad-
ar staining, dis-
ion of the tissue, with presence of tablets of cholestering in short,

ation, loss of nuele

vaneed change, exhibit fatty degen

mtegry
evidence of necrosis and autolysis; this is the typical atheromatous
material.  (3) Suitably stained by von Kossa's method, sueh softened
irens show also the presence of calearcons matter, and this may accumu-
late, becoming more and more abundant, until gritty masses and extensive
brittle |||:||~'\ of caleification become developed.  Tn either of these
later stages the superficial, thin, but hitherto intact layer of the intima
nay give way and be torn off, an atheromatous ulcer hecoming formed

hallow, and with r

Phese in brief are the changes undergone by the intima. — Normally

ugh necrotie floor,

at intima possesses no vessels; its nutritionand that also, we may
VoL, 1112

——
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add of the inner portion of the media—is gained in part from the aortic
lumen by infiltration of the blood plasma. ~ Obviously, with the progres-
sive laying down of layers of dense fibrous tissue, the nourishment of the
older, deeper layers becomes cut off and necrosis results.  Save in svphi-
litic cases, it is only exceptionally that we encounter a secondary granu-
lation process occurring in the atheromatous plaque, with entry of capil-
lary loops from the vasa vasorum of the media, and when this is the case
we meet with a distinet repazative process, absorption of the atheroma-
tous material, and laying down of new fibrous tissue to replace that
which has undergone necrosis.  Where this is the case, the plagues,
instead of remaining flattened, become puckered, often with an chscurely
stellate depression. This puckering is, we may add, the main naked
eye indication of syphilitic aortitis.

But while thus, macroscopically, the intima is the site of the most
marked change in aortic arteriosclerosis, microscopic examination with
the employment of suitable stains demonstrates that the media is also
involved-—nay, is the seat of the primary change. "T'his change, so far as
we have at present determined, may be of one of two orders.

Syphilitic Mesaortitis. -\ frequent source of aortic arterioscle
in those of early middle age is syphilis. The researches of Heller and
his pupils and of Chiari (which since have been abundantly confirmed
in other laboratories) have proved that the primary lesion here is a
small-celled or granulomatous infiltration of the media, along the course

Fra, 34

Section fri
sorption of y I, thickened intimu; M, media, the darkest parts being th
tissue. At X this has appeared, At Y, round-celled infiltration,

of individual vasa vasorum. Klotz, Bruns,' and Wiesner* have pointed
out that a similar change may be encountered in congenital syphilis.
Accompanying the infiltration there is a well-marked localized atrophy

! RBerl. klin. Woeh., 8: 1906: 217,
2 Centralb. £, allg. Path., 16: 1905: 8:
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and di

appearance of both elements of the medial coat, of the muscular
and elastic-tissue layers, the absorption of the latter heing very striking
(Klotz). This is the primary change. "The process does not extend
beyond the media into the intima, but, as a secondary process, that
intiina undergoes proliferative thickening. It is only at a later period,
when the fibrosis has given place to atheroma, that the vessels above
noted extend into the necrotic area. We see here a syphilitic mesaortitis
followed by intimal sclerosis and its sequele.  As to the relationship
of the syphilitic lesion to aneurism production, we shall speak later.
T'his form of arteriosclerosis is frequently, but not necessarily, accom-
panied by high pressure and peripheral arterial sclerosis—frequently
because your syphilitic is apt to indulge his various appetitics, and if,
according to Cabot, alcoholism, contrary to the general opinion, is not
a cause of arteriosclerosis, all are agreed that overeating is.

Senile Degeneration of the Media and Arteriosclerosis.
Another well-marked type of aortie arvteriosclerosis is the senile.  "This
also is not necessarily accompanied
by high pressure, and that in spite ¥, 85
of well-marked signs of peripheral
selerosis,  With advancing age the
force of the heart heat hecomes pro- y
:!‘m\i\n-l.\ weaker, and the blood

pressure tends normally todiminish; e
and thus, what for a middle-aged =227 oo
adult would be a normal blood

pressure is relatively a high pressure
i an old man.  "The main feature
is the widespread alteration in the .
media of the aorta and l:ll‘;:vl' Ves-

sels with dilatation and tortnosity.

In these cases the internal thicken-

in: of the aorta is ;l||l to be not

nodular, but more diffuse, without Section of hums " udividual

* trente I R I, ton demonstrate
puckering, and whereas the syphi- " "" : & '1 : \'m "
K95 % ¢ i i A 7 dleiticition of medin, and more partioularly o
litie lesion has as its site of election (e musentar bande. (Kot

the first partof the aorta, here we not

infrequently find compa atively little intimal change in the areh, which, on
the contrary, may show thinning of its wall and some diffuse enlargement;
where the condition is not generalized it is the lower part of the abdominal
wrta that is most involved.  Working in our laboratory at the Royal
Vietoria Hospital, Klotz has called attention to the fact that if the aortas
of those thirty-five and upward be examined —aortas not necessarily
showing any sign whatever of intimal sclerosis —and if these be treated
to demonstrate the existence of caleareous deposits, it is rare to encounter
i seetion which does not show some degeneration of the media.  The
carliest change is in the middle layvers of this coat, and then in connection
with the muscle cells,  These show first some fatty change, later a fine
powdering with caleareous granules; later the muscle cells, as such,
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become indistinguishable, much shrunken, so that the elastic bands
on either side become approximated, separated by a collection of the
fine calcareous granules; later the elastic lamelle exhibit also cal-
careous degeneration. It is at times remarkable what extreme degen-
eration of the media may be found in a comparatively thin and not
particularly rigid aorta exhibiting none of the ordinary signs of arerio-
sclerosis.  These observations are in complete harmony with ecarlier
observations upon the progressive loss of elasticity of the aorta with
advancing life.  Whereas strips of the aortas of young individuals
have great elasticity, there is little stretching power in strips taken from
elderly individuals. These observations of Klotz show that not only
the eclastica but also the muscle cells participate in the progressive
degeneration.

Moenckeberg's Scierosis.—Moenckeberg was the first to direct
attention to the widespread degeneration of the media. He was of
the opinion that it was a condition quite distinet from intimal sclerosis.
Now, it is quite true, as we have pointed out, that it may occur in a
diffuse form without accompanying thickening of the intima; indeed, with
some thinning of the same,  Indeed, it can immediately be diagnosticated
in the lower abdominal aortz and the common iliacs and their branches
by the development of a succession of what are truly shallow aneurismal
pouches lying with their long axes transverse, with intervening ridges.
But here we have, only on a somewhat larger scale, the phenomenon
noted in connection with syphilis, namely, that one and the same cause
now leads to intimal thickening, now to aneurism. Why this is we shall
explain later.  We would only note here that all arteriosclerosis of the
senile type presents this underlying medial degeneration; that this is
very common; that it involves also the middle-sized arteries in which
medial caleification may be extreme; and that the “pipe-stem radial,”
for example, is not an example of intimal, but of medial calcification.

Nodose Aortic Sclerosis: Hyperpiesis.—It is clear that the un-
coasing recurrent strain of the pulse wave seventy times a minute or
thereabouts, through the whole twenty-four hours, day after day,
year after vear, eventually wears out the clastic tissue of the aorta.
The rate at which it does so varies, and undoubtedly there enters an
hereditary factor, so that in some families this senile change appears at
a comparatively early period, in others is long delayed; but in all, sooner
or later, this loss of elas s shows itself.  Where, in addition, there are
causes leading to marked continued contraction of the arterioles, there
the prolonged rise of blood pressure materially hastens the giving way
of the media. 1t is, we admit, difficult to draw a sharp line between the
senile arteriosclerosis and the arteriosclerosis accompanying this state
of hyperpiesis.  ‘The two merge one into the other; but when clinically
we encounter high blood pressure in those without syphilitic taint, there
anatomically we find not so much a diffuse intimal thickening as a nodose
arteriosclerosis.  And here, as Thoma was the first to lay down with
precision, we find evidence of local and restricted giving way of the
media.  As he showed, the first localities to give way are those of natural
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weakness. ‘Thus, the earliest regions to show the arteriosclerotic change
are at and around the mouths of the intercostal and other arteries, where
the regular order of the muscle and elastic bands of the media becomes
interrupted or pushed to one siie to allow the exit of the lateral arteries.
Here, we find the intima presenting the same proliferation and fibroid
change noted in the other conditions, passing on to neerotic, and later
calcareous change in the lower lay With this, other scattered or
sporadic, plaque-like foci of fibrosis show themselves along the length
of the aorta, and these may eventually show atheromatous change and
ulceration. "T'hat the media gives way in these cases was demonstrated
in a striking manner by Thoma. Post mortem, when the aorta is opened |

Atheromatous plaques on the lining of the sorta. (Graupner and Zimmermann

these nodes of intimal thickening project well above the general surface;
Thoma showed that if the recently removed aorta he filled with warm
I:l“u\\' at hl(nnl pl‘v\\lll'n', :III(] it be ('nnh'nl and the aorta cut away
from the solid core of tallow, this is found perfectly evlindrical with no
depressions corresponding to the plagues; or otherwise, in life these
intimal thickenings evidently fill little bays in the media, the intimal
proliferation compensating for the giving way of the middle coat, and
the aortic lumen being thus kept of even diameter. "T'his experiment
of Thoma's does not always succeed; there are even cases in which the
intimal thickening is in excess of the medial giving way es of over-
compensation; ulnl there are those who deny lll.ll in every case the media
shows thinning at the regions H)H('~|)0[l(|lll" to the intimal plaques.
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But if in certain cases this thinning is not very obvious, appropriate stain-
ing shows often that the media at these areas is degenerated; that the
thickening is only apparent, due to the elastic contraction which canses
the intimal mass to be projected post mortem into the aortic lnmen.

It should be added regarding the extent of necrosis and caleification
that this may involve the most internal layers of the media.  As already
noted, the nutrition of these inner layers is, in part, at least, from the
lumen of the aorta, and consequently saders when there is this deposit
of impermeable fibrous tissue in the
intima.  So as not to confuse the
reader by the introduction of minute
details, we have purposely negleeted
to lay stress upon the minute anat-
omy of the arteriosclerotic change.
Many recent workers, notably Jores
and Marchand and  Aschoff and
their schools, have paid attention
to the histology of the changes here
described; they have more particu-
larly called attention to the increase
in yellow elastie, as well as white
connective tissue in the intima, and
there has been not a little diver-
gence regarding the respective parts
played by muscular and elastic tis-
sue degeneration in the media, the

- - existence or ||m|-|~l\i~tvnu~ <.nf spon-
. ”'”"'::;I‘:_“I‘.‘“; i "h]'“‘v‘_'_' Lo taneous rupture of the elastic tissue
postmortem rigor and contrmetion of the lamelle, ete.  But these matters do
musele of the media and removal of the blood ot modify our conception of the
" m.:::'...‘I»,\"Ilvu}»m.‘,.ul.].‘...‘.T':)',L.If.‘l...':::'hrlh;:' broad nature of the main process,
projecting into the nrterial lumen To epitomize so far as concerns

aortic sclerosis we have determined :

1. In the vast majority of eases, if not in all, a weakness and giving
way of the media is the primary anatomical lesion.

2. "There is the possibility that, as the result of a subacute proliferative
intimitis, due to bacteria and their toxins, the thickening of the intima,
by eutting off the nutrition of the inner layers of the media, may weaken
that coat, and so cause a loeal dilatation of the aortic lumen, followed by
a secondary and further thickening of the intima; but it is also possible
that the infective endaortitis which undoubtedly exists has no divect
association with the general process here described, and that when,
after typhoid and other infections, there develops a premature arterio-
sclerosis, here, again, we deal with a primary sporadic degeneration of
the media, set up by the bacterial toxins,

3. The affection of the media may be either a primary degeneration
without signs of preceding inflammation, or may be of inflammatory
origin (as in syphilis).
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4. 'The intimal change secondary to the medial degeneration has none
of the features of an extension of the morbid process from the media,
but is of a wholly different nature. It is primarily of hyperplastic type

~a simple connective-tissue hyperplasia unaccompanied by the phe-
nomena which we associate with inflammation.

Sclerosis of Arteries of the Second and Third Degree.—These
same changes—syphilitic, senile, and ordinary nodose—affect also the
branches of the aorta and their ramifications, but with this main dif-
ference, that only in the larger branches do we encounter anything
like extensive necrosis and atheroma of the intimal thickening. These
thickenings, compared with the size of the artery, may be extreme, but
in absolute size they do not compare with what may be found in the
aorta.  T'he absence of necrosis is to be ascribed to the fact that in general
their size is not such as to inhibit the percolation of lymph through them;

From a syphilitic aorta, showing s moderate grade of medial degeneration and giving way,
to demonstrate the simple connective-tissue hyperplasia of the intima, in regular layers. The
outer layers ata exhibited diffuse fatty degeneration, at ¢ they were more hyaline. (From
Dr. Klotz's eollection.)

all parts are able to gain some nourishment. Saying this, it must not
he thought that these arteries do not present calcification; on the contrary,
that may be extreme. Long stretches of such arteries as the radials,
the cirele of Willis and its branches, the splenie, ete., may be found con-
verted into rigid tubes. But this deposit is in the media, and at most
involves the internal elastic lamina and the deepest portion of the thick-
ened intima. It may be added that it is the smaller arteries that demon-
strate most strikingly the thinning and giving way of the media beneath
the overlying great thickening of the intima.

Sclerosis of the Smaller Arteries and Arterioles. 'I'here is great
variation in the appearance of the arterioles in different cases, and,
indeed, in different organs from the same case—differences which, never-
theless, we believe represent different stages in the same process, modi-
fied, it may be, by variations in the reactive powers of the different tissues,
intimal and medial, to like noxie,  In this way two broad groups of cases
may be distinguished: (1) That in which pronounced thickening and
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hypertrophy of the muscularis is the most marked feature, and (2) that in
which a generalized proliferation of the intima dominates the field.  We
are inclined, on general principles, to believe that the first represents the
earlier condition; that the first effect of substances cirenlating in the blood,
stimulating the smaller arteries to inereased contraction, must, of neces-
sity, be to bring about an hypertrophy of the muscle cells; it has already
been noted that to this generalized contraction of the smaller arteries and
arterioles must be ascribed the continued elevation of the blood pressure.

But just as in the heart hypertrophy beyond a certain point is suc-
ceeded by incompetency and degeneration, so here eventually the muscle
fibers degenerate and fail to maintain the narrowed lumen; and where
this is a progressive process, and the artery as a whole tends to give
way under the internal pressure, there is developed a compensatory
fibrosis and thickening of the intima, with simultancous evidence of
atrophy and fibrosis of the media, so that now we encounter vessels with
greatly inereased intima, a media which approximates now, it may be,
to the normal width, or if thickened is fibroid and hyaline, presenting
a replacement fibrosis.  The indications are that in some individuals
and tissues the muscular elements are incapable of pronounced hyper-
trophy, and give way at an early stage in the process, so that in them the
intimal change is the more pronounced; in others the muscular hyper-
trophy is exceptionally well marked, the intimal change slight. This
pronounced muscular hypertrophy, we should add, is by no means
confined to the arterioles; it is to be observed in arteries of much larger
size, in the radials, for example; and then, as Savill and Russel both
point out, it may be present either with or without intimal thickening.

What is a characteristic feature in connection with the arterioles is
the very frequent surrounding fibrosis, or, as it is termed, chronic peri-
arteritis. We know little or nothing regarding its causation —whether
it is irritative, due to seepage of irritative substances out of the vessels,
or whether it is of compensatory nature, or of the same order as the
intimal fibrosis, "That it is due to malnutrition from the lessened circu-
lation, the fibrous tissue replacing nobler tissue elements, is scarce
likely; the histology does not suggest this, while, further, any such mal-
nutrition should show itself at the periphery of the capillary area sup-
plied by a given arteriole, rather than at the centre.  As Huchard has
pointed out, we occasionally encounter examples of this 1I]/.vlrnphir
peripheral fibrosis.  "They clearly are of another order.

In the arterioles, as in the aorta, we encounter a very definite infective
or toxic endarteritis that causes confusion from its similarity to certain
phases of arteriosclerosis,  More particularly in connection with sec-
ondary subacute syphilitic disturbances, in the neighborhood of tuber-
culous foci, and, as our former colleague, Duval, has shown in connection
with subacute gl glanders, the same is to be met with.  His very full study
shows that this is primarily a I)I'l)llftl'llllull of the endothelium of the
arterioles; the cells attain great size, exhibit mitoses, and soon com-

1 Journal of Exp. Medicine, 9:1908:241,
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pletely fill the lumen. At times they form giant cells.  More often their
overgrowth results in the production of several layers of a flattened type
of cell. According to him, degeneration of the media is secondary to
this proliferation. His figure, however, shows the familiar picture of
localized giving way of the media with overlying intimal proliferation,
and as he expressly notes that the internal elastic lamina at the region of
this giving way loses its plicated, wavy appearance and becomes even
and without curves, the alternative explanation seems to us possible that
where this occurs, the giving way of the media is primary, the intimal
overgrowth a secondary phenomenon.  We admit, freely, that is, the
endothelial proliferation due to bacterial toxins; we doubt whether the
medial degeneration is truly secondary to this, believing it to be equally
primary, and due to the action of the toxins.

Experimental Arteriosclerosis. \What, then, is the exact meaning
of all these changes? The answer is supplied by the abundant experi-
ments of the last few years upon artificially produced ar
There had been many attempts to reproduce the condition hy setting
up internal and external injury to the arteries, and by causing localized
infection. None of these were surely successful until Jores reported his
results with adrenalin. It is now one of the most familiar facts of
physiology that intravenous injections of adrenalin induce a most pro-
nounced rise of blood pressure.  As Langley has shown, these injections
reproduce exactly the effects of sympathetic stimulation; or otherwise,
adrenalin directly acts upon the muscle of the smaller arteries and causes
these to contract. The effect is temporary, but if the injections be re-
peated in the rabbit, eventually there is developed a profound alteration
in the aorta. "There have heen doubts as to whether the changes pro-
duced correspond accurately with those of huma
tainly they do not correspond with those of the ordinary nodose sclerosis.
"They are, however, indistinguishable from the changes seen in Moencke-
berg's type of medial degeneration. "T'here is the same atrophy and giving
way of the media, with the production of pouchings which at times are
so extreme as to become definite, smal! saccular anenrvisms.  And, as
Klotz has shown, what happens is a fatty, followed by a caleareous,
degeneration of the muscular layers, with subsequently a similar cal-
careous degeneration of the elastic-tissue elements of the coat.  Identical
changes have been ]n‘mlu(‘ml by other observers, using barium chloride,
nicotine, and other drugs which cause pronounced rise of blood pressure.

There has been great debate as to what precisely is the action of these
drugs; do they act directly as poisons of the muscular coat, or of the
elastica; do they contract the vasa vasorum, and so bring about mal-
nutrition, or is the degeneration due not to the drugs but to the high
pressure they induce? ‘This last has been shown to be correct by Harvey'
(of Toronto), working in Professor Dixon’s laboratory at Cambridge,
and independently by Klotz* in our laboratory. Harvey employed

eriosclerosis.

arteriosclerosis.  Cer-

! Jour, of Med. Research, 17:1907:25; Virchow’s Archiv, 106: 1000: 303,
# Centralbl. f. allgem, Pathol., 19:1908: 535
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temporary digital compression of the abdominal aorta of a rabbit for
many successive days; Klotz, taking healthy, young rabbits, suspended
them head downward for three minutes daily for one hundred and twenty
days or more.  In both cases the only disturbance induced was rise of
blood pressure in the thoracie aorta and its branches; no drug was
introduced; but changes were gained of the same order as those obtained
with adrenalin. - Klotz's results were especially valuable. "T'he heart
was found distinetly hypertrophied; the thoracie aorta showed a diffuse,
almost ancurismal enlargement compared with the abdominal aorta.
There was little sign of intimal sclerosis, but seetions showed well-marked
medial degeneration of the Moenckeberg type.  But now upon examina-
tion the main vessels of the neck, which, if anything, had through gravity
experienced the daily rise of blood pressure to an even greater degree
than the aorta, exhibited most exquisitely a sporadic intimal rosis
of the nodose type. The condition was indistinguishable from that
seen in man.
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Let us put these facts together.  Raised blood pressure may induce
(1) localized giving way of the media, or (2) diffuse giving way of the
same with no accompanying overgrowth, in the first place ing a
saceular, in the second a diffuse fusiform aneurism; or (3) it may cause
a slighter degeneration and giving way of the media, which now is accom-

panied by pronounced proliferation of the intima. How are we to
reconcile these apparently contradictory results?

The reconciliation is simple and straightforward once we accept the
existence of what one of us has termed * strain hypertrophy” (vol. i, p. 451)
and of “overstrain atrophy.” It is a matter of common teaching that,
provided the nutrition be adequate, muscle fibers, whether striated
or plain, subjected to strain slightly above the normal, undergo both
hypertrophy and hyperplasia; such moderate extra work is a stimulus to
increased growth. Subjected to greater strain, they, on the contrary,
become exhausted and tend to atrophy. Now, this same law holds for
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the tissues in general (vol

X Pp- 293 and
871). If the media gives way only slightly
and gradually at the region where it
bulges, the overlying endothelium and
intima, being pressed ontward, become
stretched, subjected, that is, to increased
strain; and the strain not being ex-
('t‘\\'i\‘l', the cells l)rm'vml to lllll|lil>|_\'
until the concavity is filled up and the
strain is removed. The explanation of

3 the difference in the results in Dr. Klotz's

A experiments between the aorta and the

{ carotids is that the artery of smaller lumen

1 . . -

) and relatively more powerful media can -

! ek o Lgr 4 iy St Med.
: stand a. greater di ating force than the

artery of large lumen and relatively
weaker walls.  Regarded thus, the scle-
rotic thickening of the intima is in no
sense an inflammatory process, any more
than is cardiac hypertrophy. At the
most, it is compensatory to the weaken-
ing of the media. When, on the other
1 hand, the giving way of the media is
more extreme and more rapid in its pro-
gress, there the strain to which the intima
and endothelium are subjected becomes
excessive, and proliferation of the cells
is inhibited, so that aneurism formation
takes the place of compensatory intimal

fibrosis or sclerosis, These views were
enunciated by one of us' in 1806, but
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' Adami, Middleton Goldsmith Lectures, New York Med. Record, 1896: 469 and 505,
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"U'('l“'}l('l\A 'l‘h" “““l illlll l"‘”l['li'((' |>I‘nnf ll}l\' lil'l'“ lltr“l'll('(l l).‘ (vi”""'l'.\
remarkable observation,' that if a length of vein be transplanted into
; the course of an artery, that vein in the course of a few months is found
) to present an extraordinary fibroid hypertrophy. It is unnecessary, with
Thoma, to invoke the difficultly comprehensible local changes in rate of
blood flow and nutrition to account for the intimal hyperplasia.
"Throughout the whole of this arteriosclerotic process we see, therefore,
relatively simple forces at work,  Inone important series of cases, direct
stimuli
contraction, or, as Russel terms it, hypertonus of the same, and this, raising
the blood pressure, affects secondarily the media of the aorta. The
musculature of the media, becoming overworked, undergoes atrophy and
degeneration, and, gradually giving way, induces a local compensatory
fibrosis of the intima.  Similarly, the museulature of the smaller arteries
giving way induces in them also fibrosis of the intima.  In the other

ting upon the media of the smaller arteries canse increased tonie

series of cases, without, of nec “il‘\. any contraction of the pt'l'iphl'l‘:l‘
weakness of the media of the aorta
and larger vessels, whether inherited or acquired, makes the media
: give way under the normal blood pressure, and again the dilatation may
“3“ be followed by compensating fibrosis of the intima, with the successive
! stages leading up to atheroma.  In cither series of cases, if the giving

! way be widely diffused or sudden and extreme, in place of this com-

arteries and rise of blood pressur

pensatory selerosis aneurism formation results,

In these cases of hyperpiesis and hypertonus of the more peripheral
arteries with the inerease in blood pressure there is also inereased strain -
thrown first upon the cusps of the aortic valve, and next upon those of

the mitral.  I'he arterioselerotic thickening and fibrosis of the cardiac §
valves in these cases is of exactly the same natwe as the intimal i
thickening of the arteries; the cusps, indeed, are but infoldings of the 4
intima, or its homologue, the endocardium.  These also afford examples
of strain hypertrophy and fibrosis, and, as already noted, are apt to
present identical degenerative processes, atheroma, caleification, and

E

|

|

| ;

j atheromatous ulceration, !
1

Sclerosis (Functioral) and Regeneration of the Uterine and
Ovarian Arteries.—A remarkable condition to which attention was first i
directed by Westphalen® in 1886, that has come in for renewed atten- 2
tion during the last few years by Pankow,® Sohma,' Szasz-Schwarz,® |
Goodall, and others, deserves mention here.  The increased blood é
supply to the uterus during pregnancy is accompanied by great dilata-
tion of the uterine arteries, so great and so long continued, that after
childbirth they would seem unable to contract to their previous dimen- i
!‘ sions. And now there may be the development of a complete new i
ll artery (as rds adventitia, media, and intima), within the old, which [
i exhibits fibrosis, hyaline and other degenerative changes. Failing this,

! Jour. of Exp, Medicine, 10:1908: 630. ? Virch. Arch., 106: 1886: 420,
* Arch, f. Gynik., 80:1907:pt. 2. ¢ Tbid., 84:1908: pt. 2,

® Révue de Gynee,, 7:1903:593.
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there is extensive intimal overgrowth. Our colleague, Dr. Goodall, has
followed the succession of changes, and concludes that there is an inter-
mediate stage of active proliferation and wandering inward of cells from
the various coats resulting in these new cells assuming orderly relation-
ships with the production of a new arterial wall.

The factors determining this remarkable process have not been fully
worked out. It may be suggested that with the contraction of the uterine
muscle, and it may be the contraction also of the terminal arterioles, there
is pronounced obstruction to the outflow of the arterial blood and the
production of increased strain: that the condition is identi with the
intimal thickening which Thoma noted as affecting the proximal part of
an artery after ligature.  But this is not sufficient to explain the devel-
opment of a well-formed new artery within the old.  Aschoff* places this
in a special class as functional sclerosis

The process affecting the ovai irteries after menstruation and
ovulation is of the same order.

ANEURISM,

We shall, in the next chapter, pass in review the various forms of
aneurism, or localized expansion of the arterial wall.  We would, in
this connection, merely emphasize here that the factors which are
productive of arteriosclerosis are the same as those producing aneurism

only that in the case of aneurism we have a severer disturhance of the
equilibrium between the pressure within the vessels and the strength of
its walls. "The studies of the last thirty years have amply confirmed
Scarpa’s observation (1804) that the strength of arteries depends upon

the middle coat, that either localized degeneration or localized
inflammation of media, particularly syphilitic mesaortitis,” is the
main cause of condition (Koster, Eppinger, Thoma, Heller, Chiari,
Benda). ‘T ension induced is so marked that characteristically
in the ane here is no compensatory hyperplasia of the intima.
On the contrary, the strain thrown upon this and the other coats is so

great that the tendency is to atrophy, and with this a gradual absorption
of the thinned coats may hecome followed by a complete disappearance
of the same and the production of a “false” aneurism, the walls of
which are formed of the condensed tissue of surrounding parts and organs.
I'here is but one possible factor for the production of aneurisms which,
so far, has not been recognizable as inducing arteriosclerosis, namely,
trauma; sudden mechanical injury to the arterial coats is most apt to
be followed by sudden giving way of the vessel, and such sudden dis-
tension of the intima certainly does not favor hypertrophic changes.

! Beihefte zur med. Klinik., 4:1008:pt, 1
*The majority of statistics give from 60 to 83 per cent. of aneurisms as

svphilitie
origin.  Of recent workers, Hausmann is the only one who depreciates this cause
iseribing only 18,75 per cent. of cases thereto,




CHAPTER IX.

PATHOLOGICAL ANATOMY AND HISTOLOGY OF THE ARTERIES,
VEINS, AND LYMPHATIC VESSELS.

As will be readily understood, the various portions of the vascular
system stand in such close functional and anatomical relationship to each
other that the pathological processes involving them, while possessing
some few characteristics and peculiarities, on the whole present much
similarity

ARTERIES.

The walls of the arteries are composed of three layers, the tunica
intima, the tunica media, and the tunica adventitia.  The first is avascu-
lar, deriving its nourishment from the circulating blood within the
vessel, while the adventitia derives its blood supply from small arterial
twigs, the vasa vasorum. In the case of the media the condition varies
in different places, the media of the aorta having vascular twigs which
reach to the intima.  The intima is an endothelial lining directly con-
tinuous with the endocardium and the wall of the finest capillar

The thickness of the arterial walls and the caliber of the vessels
varies at different periods of life and with different individuals.  Accord-
ing to Orth, the thickness of the aortic wall from the age of twenty-five
to seventy-five is, on the average, 1.5 to 2 mm. The circumference of
the aorta just above the valves is 6.1 to 8.3 em.; of the thoracie aorta, 4.4
to 5.95 em.; of the abdominal aorta, 3.2 to 4.33 em.  The circumference
of the pulmonary artery just above the valves is from 6.4 to 7.5 em.
In early life the pulmonary artery is somewhat larger than the aorta; in
middle life they are the same size; and in old age the aorta is the larger.
"T'his last condition is due to the fact that degenerative processes in the
aorta are so common after middle life.

CONGENITAL AND DEVELOPMENTAL ANOMALIES.

Defects of development have a close relationship to those of the
heart, and have already been touched upon.  Abnormalities in the course
or number of the arteries have no pathological interest.

The aorta may participate in the condition of transposition of the
viscera, or may be duplicated, cither in whole or in part.

More important is general hypoplasia of the arterial system, which
may exist alone or in combination with a similar defect in the heart.
The condition is found in both sexes, but is most common in chlorotic
girls about the age of puberty. We have found it with striking frequency
in young people who have died of tuberculosis.  The aorta is narrowed
and the circumference may be only 2 em. At the same time the wall is
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thinned and the elasticity is decreased. Other physical defects may be
associated, particularly hypoplasia of the genital system.  Arterial hypo-
plasia has also been met with in cases of hemophilia.

CIRCULATORY DISTURBANCES.

Blood Imbibition.—Owing to the avascular character of the intima,
circulatory disturbances in this portion do not occur. At most, we may
find a diffuse rosiness due to blood imbibition, which is most likely
a postmortem change.  This is found in septicemia, passive congestion,
and infection with the B. Welchii.

In the adventitia and media, and even in the intima, where newly
formed vessels have invaded this coat, small hemorrhages are found in
passive congestion and in inflammation. Of special interest to the
medicolegal expert are hemorrhages into the wall of the carotid in those
who have been hanged or throttled.

INFLAMMATIONS.

Arteritis. Arteritis may be hematogenic, may arise from trauma
from direct extension of inflammatory processes, or complicate degenera-
tive changes.  "Traumatic causes are, rupture, wounds, or ligature of a
vessel. - Apart from injury, the most important factors arve infections
and intoxications, due to microtrganisms, tubercle bacilli, and the syphi-
litiec virus. A very common oceurrence is the inflammation of a vessel
from the presence of a thrombus, either infective or simple.

According to the chief localization of the process we may recognize
an endo-, meso-, or peri-arteritis. - When all the coats are uniformly
involved we have a panarteritis.  'The acute forms are simple and
suppurative.  "The chronic are always proliferative.

Thrombo-arteritis,—"I'lirombo-arteritis is the form associated with the
presence of an autochthonous thrombus or an embolus.  Examples of
the former are found in traumatism to the vessel wall and in the infections,
As a rule, inflammation of the artery is primary and the thrombus is
secondary, but undoubtedly the reverse can oceur. The character of
the inflammation, whether suppurative or proliferative, depends upon
the nature of the obstruction.

Suppuration results when the thrombus or embolus contains pus
organisms.  The affected spot is of a yellowish-white color, swollen,
and more friable than usual.  The intima is first swollen, and later there
i rapid infiltration of all the coats from within outward, with inflam-
matory aneurism or a local abscess.

T hrombo-arteritis proliferans occurs when the thrombus or embolus is
not infective.  According to the degree of proliferation, localized patches
of thickening or thread-like projections are formed upon the vessel
wall. If the process be extensive enough to obliterate the artery, we
can speak of an endarteritis obliterans.

The proliferative change consists in the substitution of the thrombus
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;" by connective tissue. ‘The arterial wall is infiltrated with leukocytes,
A0 ‘ and many fibroblasts can be seen, which invade the intima and penetrate
."j i the substance of the thrombus, eventually bringing about complete
i ¥ organization. l\'v\\'l_\'-h‘)rn.ml capillaries can be made out within the
A fibrous mass. If the intima be preserved, it may also show changes
I of a proliferative character.  The thrombus may thus be converted into

a solid mass of tissue or may be tunnelled through (canalization), the
varions channels being ultimately lined with endothelium and the blood
flow thus restored (see p. 73).  In some cases a calearcous deposit takes
place, and an arteriolith is the result.

Proliferative arteritis, leading to gradual thickening of the vessel and
‘ even to obliteration