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PREFACE. i
his estate subservient to his acquirements in
that important branch of chemistry.

In my reports of experiments, which to
some readers will appear tediously minute, I
have been less solicitous to avoid prolixity or
tautology, which to a certain extent is im-
possible, than to present faithful pictures of
appearances, impressed by being repeatedly
witnessed.

To the common-place objection, that we are
not warranted to apply inferences from ex-
periments upon cold-blooded animals to the
human subject, I reply, that the field of mi-
croscopic observation is narrowed by the indis-
pensable quality of transparency of texture,
and that the analogy of all animal actions is
fully sufficient to direct us to general prin-
ciples, and corroborates, in a great degree,
even minute details. It may be said, that
an aperture by perforation of web or mem-
brane is not precisely analogous to a flesh

wound of the same diameter, this having a


















THE

PHYSIOLOGY OF INFLAMMATION,

AND

THE HEALING PROCESS.

INTRODUCTION.

Tue microscope, since the improvements which it has
of late years undergone, and the more accurate applica-
tion of its powers by scientific and practised observers,
has opened new and important insights into the field of
anatomy, and rectified some long-established errors in
the departments of physiology and pathology. It is
remarkable, and at the same time conclusive of the
soundness of Mr. Hunter’s doctrines of imflammation,
that the additions thus made to the illustration of this
great subject of his researches, though materially affect-
g details, so far from invalidating, tend strongly to
confirm the general principles which he has laid down,
to carry out the views which he entertained, and to em-
body those which he had left in shadow.






INTRODUCTION. 3

elements of animal as of vegetable bodies, that not only
the just balance of their contributions towards the phe-
nomena of life and health will be ascertained, but their
’ respective influence in those which ensue, when that
balance is disturbed, will be more correctly appreciated.

From careful observation it is deducible that the
blood, viewed as a whole, is compounded of ingredients
derived from two sources; first and chief, from the
chyle or nutritious part of the food; secondly, from the
refuse and decay of the various textures of the body
collected by the lymphatic system ; that its homogeneity
i1s maintained only while it preserves the form necessary
to its circulation ; that its separation by coagulation is a
general, though not invariable, or exclusive result of its
extravasation; that it 1s never deprived of its colouring
matter so long as it circulates, whatever be the tenuity
of its current; but that this may be, and is in certain
parts and circumstances, so exqusite as to render it
colourless, and its containing vessels imperceptible to
the eye.

The blood in circulation differs from the blood which
has undergone coagulation, thus : the liquor sanguinis,
or fluid portion of the blood, in which the red particles
float during life, separates when coagulation takes place
into two parts, the serum, and the fibrine which was

B 2
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tion of its constituent parts, as the material and pro-
cess of its nutrition, and also the freedom and vigour or
otherwise of its circulation. The richness and poverty
of blood are not mere vulgarisms of speech. In general
terms the former is determined by the abundant propor-
tion of the red corpuscle and the fibrine to the aqueous
part, and the latter by the converse of this. In the
blood of a person repeatedly blooded and at short inter-
vals, the progressive loss of consistency and colour is
apparent to common observation.

The age, the temperament, an habitual excess or de-
ficiency of action in one or more excreting organs, and
the presence of organic disease, are doubtless all produc-
tive of variations from the nmormal standard, which the
observations of competent physiologists may one day

elucidate.
But in the mean time more subtle elementary ques-

tions have to be determined, among which the following
may be enumerated : the ultimate purpose of the blood-
eell in the economy ; its attendant phenomena of tem-
perature and nutrition, and the changes which it under-
goes from its germinal to its degenerated and refuse
state ; the subservience of the pure fibrinous ingredient
to the primitive fabrie, growth and repair of the living
solid, and the uses and appropriation of the proper liquor
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and of communicating the animal temperature, equal-
ized by its distribution; and thence also that it rids
itself of the useless and effete materials with which it
becomes loaded in its circulation, and repairs its losses of
the vivifying principle and of temperature.

The changes which the blood undergoes within the
vessels are of two kinds,— 1st, tﬁat which is respective of
its intrinsic funetions ; 2nd, that which is respective of
its extrinsic functions : the former applying to the pheno-
mena of growth and nourishment, the latter to those of
decay and disorganization. These are its normal phases ;
and the gradual encroachment of the latter upon the
former funetion, by the operation of time and wear, de-
termines the period of natural life in the healthy indi-
vidual.

Its anormal or morbid changes differ from the above
more in measure than in principle, being rather owing
to a redundance, defect, or perversion of natural action,
than to an action sui generis. Occasional exceptions
constitute varieties. Thus the type of all diseased ac-
tion may be traced to that of health ; the infinite varie-
ties presented by functional and temporary irregularities
of action oceupying an intermediate district, and ren-
dering the exact boundaries of health and disease ob-
scure or indefinable.
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fatal, whether their tendency be to preserve or destroy
the coagulating principle, and none more rapidly than
the air of the atmosphere. It is obvious that an altera-
tion of the relation between the blood and its vessels
cannot in ordinary circumstances be instantaneous as
in the operation of poisons or cerebral injuries, but
must occupy some period of time, during which a dis-
ordered condition of the system prevails, more or less ;
and that, consentaneous with the change in the pro-
perties and relations subsisting between the blood and
its vessels, must be a change of action in the whole cir-
culating system, affecting not only the organs proper
to nutrition, but the brain and nervous system, and the
physico-chemical function of respiration. Thus the fever
of inflammation presents all varieties of deranged se-
cretion, temperature, sensation, &e. ;

What may be the peculiar nature of the changes
which the blood in the vessels undergoes, and what the
change of relation between the blood and the blood-
vessel, is not yet fully ascertained. First, a difference
in the proportion of its constituent parts must ensue
upon a failure of reciprocity in the changes produced in
its transit through the lungs, or through the extreme
capillaries, which are essential to its integrity; if not
upon a defect in its elementary constitution and prepa-

B D
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development, and invariably fatal soon after the age of
puberty, if not long before.

Further, we know the effect of its impregnation with
respirable gases of different qualities upon the action of
the heart, and of the partial withdrawment and resto-
ration of the blood to that organ; and that the due
change of the blood in its passage through the lungs 1s
indispensable to maintain the action of the heart, the
mechanical engine of the eirculation.

The arteries possess a capability of dilatation and a
power of recovery: whether muscular or in virtue of a
proper contractility of tissue, or compounded of both,
physiologists are divided, Mr. Hunter’s experiment show-
ing the difference between the living and the dead
artery notwithstanding. 1In the larger arteries the
muscular, and in the small the contractile property is
said to predominate ; but whether any order of vessels
possesses more than the elasticity which accurately pre-
serves the vessel under its varying dimensions in a state
of fulness, is an open question. The proof of elasticity is
furnished by the varied states and rapid changes of the
capillary circulation in the temporary phenomena of
blushing, and by the more permanent eonditions of naevi
and varices in all their modifications. The inecreased
colour of a surface depends on an extraordinary quan-
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presumed, if not ascertained to follow thereupon, are
data abundantly sufficient to furnish forth all the phe-
nomena of inflammation, and to supply the rationale of
their occurrence.

The observations are sufficiently multiplied which
demonstrate the effects of air, its various composition
and properties ; of temperature, dryness and humidity ;
of food, its varieties in the quantity and convertibleness
of its nutritive ingredients, and the presence or abs-
ence of such as are innutritious or positively deleterious
to animal life, on the one hand; and on the other,
of such exposures of the animal machine to the opera-
tion of noxious agents, and to the casualties, mental as
well as physical, incidental to the several conditions of
life in all its various grades and localities of tenure, to
afford “ ample scope and verge enough” for all the com-
plications and varieties of disease.

The absorbent system is not, as formerly taught, one
of orifices or patent mouths, whether upon the villi of
the intestinal surface or upon any free surface whatso-
ever ; nor has it any direct communication with the
blood-vessels, except that by which its trunk terminates
at the angle of the left jugular and subelavian veins.
The precipitation of the chyle on the mucous mem-
brane precedes the rudimental formation of the blood-
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corpuscle by a process analogous to that which derives
the urine, the semen, the milk, from the ultimate se-
cerning vessels of the kidney, the testis, the mamma,
and all the natural secretions from their proper glan-
dular structures ; exemplified also by the transformation
which the blood undergoes in passing through the pul-
monary cells. If this be so, the blood-particle is not
the chyle-globule, nor, in strictness, is the arterialized
the original corpuscle. To this conclusion the minute
anatomy of the secreting apparatus, as well as that of
the secreted fluids, irresistibly conducts us, and it applies
with equal force to the diversities of morbid secretions.
The absorbent and blood-vessels of the alimentary mem-
brane of the turtle injected with the finest size and ver-
milion, and with quicksilver, and the several serous and
cellular membranes, so prepared, exhibit a perfect reti-
cular arrangement and an unbroken continuity of sur-
face ; while their interlacement with the capillaries of
the vascular systems is such as to afford all means of
inter-communication, subject to the laws of their re-
spective functions. Hence we are compelled to adopt
the system of vital transference observed in plants and
the lower classes of animal life—all vascular arrange-
ments being continuous, and displaying the looped or
arched disposition—i. e. the percolation or straining off

e e — e 2




INTRODUCTION. 15

from the chyle as from the blood, (the blood itself being
a separation, under the influence of certain laws of vital
physics,) of the proximate prineiples of the chyle into
the blood, and of those of the blood nto its multiform
secretions ; the process of separation being invariably
proper to the blood-vessels, and prelimmary.

The phenomenon of post-mortem transudations ex-
hibits the fact referred to by contrast, viz. by the disso-
lution of the vital influence which presides over and
preserves the textural and functional integrity of parts.
The post-mortem transudation of blood, bile, urine dif-
fers from the vital process in being, like effusions from
lesion during life, partial and indeterminate, except by
the accidental influence of structure, position, &c. The
morbid process of bile passing into the blood exhibits
an mversion of the process of its secretion, but being
subject to vital domination, is for the most part tempo-
rary and recoverable; sometimes it is permanent, and
then sooner or later fatal.

The almost instantaneous passage of the volatile par-
ticles of eertain odorous bodies, animal and vegetable,
into the urine, and the colour imparted by others to the
excrementitious matters, and even to permanent de-
posits, attests the fact of the rapid and real transit of
the elements of these secretions from the blood.
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only by the vital principle : in many circumstances this
fails, and the effused blood and secretions, whether natu-
ral or morbid, prior to elimination from the body, un-
dergo decomposition.

In the case of the natural secretions, as e. g. the
mucus, the saliva, the bile, the urine, the deviation from
the state of health is either funetional, i. e. depending
upon the temporarily deranged innervation and circula-
tion of the organs concerned in their production, or upon
an actual change of structure, such as to interrupt and
render imperfect the elaboration : and such a state, from
one or other cause, there can be no doubt extends to
the preparation of the blood itself in scrofula, seurvy,
malignant fevers and animal poisons,

The ultimate structure of the nervous fibre, as deve-
loped by the microscope, corroborates the universal pre-
valence of the vesicular arrangement before mentioned.
A more elaborate scrutiny into the composition of its
centres, and the origin and distribution of the chords of
communication, aided by much experiment and obser-
vation, has clearly demonstrated the distinct adaptation
of its several parts to the two great purposes of sensa-
tion and motion, and has proved a source of much ad-
ditional and valuable information to the pathologist.
The organic system of the great sympathetic nerve
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ing to its guidance. The vitality of the blood, its
formation, and transformation into the solids and flmds
of the body, the capability, seemingly inherent in solids
and fluids, of certain interchanges which they undergo
by means of their reciprocal affinities and agencies—
still preserving their respective homogeneity—and the
resistance which collectively they are enabled to main-
tain against injury and disease, as well as the power of
repair, are referrible to their nervous endowment.

Inflammation is susceptible of a purely functional as
well as an organic form, and presents, even in its ori-
gin, the extreme conditions of elevation and depression
of the vital power; being the principal and most com-
prehensive, though not the sole agent of the disorgani-
zations to which the animal body is subject, and in all
cases employed as a subordinate or consequent, where it
is not a leading and predominant instrument.

If this be so, how above all things important does
an acquaintance with its natural history, its phenomena
of origin, progress and conclusion, in all its varieties,
become! Next to the knowledge of the structure and
the uses of parts, unquestionably ranks the knowledge
of that modifying principle which approximates to the
formative in its power of reparation, and to the destroy-
g agencies n 1ts uncontrolled dilapidations of strue-
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morbid process. These, as they are subject to the
modification of circumstances, internal or belonging to
the individual, and external or affecting his position,
afford another and comprehensive ground of classifica-
tion. In all the latter and most formidable class of
diseases, inflammation is present ; if it be not displayed
in the origin, it is conspicuous in the course of their
career, and its tendencies and results are the eritical in-
cidents determining the issue, for life or death.

It follows that a knowledge of the phenomena of
inflammation, the laws by which it is governed in its
course, and the relations which its several processes bear
to each other, is the key-stone to medical and surgical
science. Their physiology can only be illustrated by a
close, cantious, and extended observation of morhid
changes, corrected by an accurate reference to the stan-
dard of natural and healthy actions.

In this brief introductory sketch I have refrained
from mtroducing the disputed physiological questions
now pending, and shall endeavour to keep aloof of such
breakers 1 the pathological portion of this treatise.
Large allowance must be made for the jejune observa-
tions and visionary hypotheses incidental to the em-
ployment of a new faculty, almost equivalent to the inlet

of a new sense, and not less for the intemperate assault
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other, influenced by the character of the inflammation ;
under which term I include its origin, intensity, extent,
duration.
4. The tendency of inflammation to preserve or destroy
18 not to be confounded with, much less employed to
" designate its pathological character and denomination ;
because all its actions are capable of serving, and actually
do serve both salutary and destructive purposes, deter-
mined by the existing circumstances of the part or the
system, as time, place, order, need, degree. Thus ad-
hesion is often destructive, and gangrene conservative ;
and the same may be said of suppuration and ulceration.
5. Inflammation is not seated exclusively in the blood,
the blood-vessels, absorbents or nerves of the part, nor
confined to the capillary system of vessels, nor the cel-
lular tissue which conneets and supports them. These
several parts forming a homogeneous whole, cannot be
disjunctively affected, in morbid more than in healthy
action ; each being an integral element in the com-
position of the other, reciprocating organization and
function, acting and acted upon respectively, their pe-
culiar functions are merged in the production of general
phenomena, whether healthy or morbid, to which each
1s indispen‘aable. Thus, neither heat, pain, swelling,
nor redness could be demonstrated in inflammation,
c
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the foreign body be a part disorganized by injury, or in
its nature extraneous ; whether it be a chemieal or a ner-
vous agent (concentrated caustic alkali or tobacco) that
operates to produce a change, it is, to the extent of its ope-
ration, of necessity implicating the whole system of parts
forming the structure, and of the actions which they
perform.  If therefore the blood, or the solid which it
permeates, is so affected that the natural and vital at-
traction which subsists between them is neutralized, the
sentient phenomena are to the same extent arrested :
and if the nervous system be first struck, the physico-
chemical system is to a corresponding extent embar-
rassed. The first visible or sensitive change would be
a very imperfect, perhaps delusive, index of the first
real change ; the congestion of the blood in the ves-
sels, creating a blush or a swelling, or the new and
peculiar sensation of the part, whether painful or
not, may be the first manifested, but the last actual
change.

7. Inflammationisnotthe less inflammation becausethe
development of one, or even all its signs 1s so feebly and
obscurely manifested as to render its presence question-
able to inexperienced observers, or because of its occa-
sional tendency to yield in a remarkable manner to the
operation of stimulants, even in its commencement. An

c2
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wound becomes sore ; if the clot is dislodged, it festers,
reddens, swells, suppurates, scabs; a second and trou-
blesome action is superinduced, but even this scarcely
amounts to pain; and heat, eolour and swelling are
little, if at all, pereeptible. The same series of actions
on a microscopic scale ensues upon the slightest wounds,
as on those which are more severe: in the first, they
may be rendered palpable by maltreatment; in the
latter, from an opposite course, they may be so soothed
as scarcely to excite observation. A graduated scale of
inflammatory action commencing from this scarcely ap-
preciable ¢ zero’ would, if the instrument were as true as
delicate, conduct us through all its successive stages
from simple phlogosis to self-destructive gangrene. De-
gree, though not the parent, is the great indicator and
mstrument of change.

I am quite satisfied that an inflammation beyond the
necessity retards, as a certain modus of inflammation
promotes, nay, is indispensable to the healing of a wound.
But we are told there can be no inflammation where
there is no pain. I reply that there are many, and
destructive too; a joint, an eye, nay, the lungs may be
destroyed by inflammation without pain ; he is a specu-
lative, not a practical pathologist who does not know
this. It would be easy to superinduce pain in either of
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agents upon the vis nervosa, either stimulant or sedative
in their nature.

The same effect, therefore, 1s brought about by causes
distinet, it may be, in their origin, but consentaneous
mn their operation ; for with whichever we commence,
the remaining changes are unavoidable ; and in inflam-
mation, as in all other animal actions, healthy and mor-
bid, the mechanical, chemical and vital functions are
co-ordinately and inseparably affected.

9. In order to the production of inflammation, the ex-
citing cause must be of a certain extent and duration.
The mere impediment to the passage of the blood, or its
mereased afflux upon a point, or the operation of many
powerful nervous agents, are inadequate to this end. A
certain amount of provocation is necessary to produce
the nisus, and the subsequent permanent phenomena
characterising the inflamed state.

10. When the trouble of the circulation in a part, the
subject of inflammation, has subsided, and any effusions
which may have attended it are removed, and the part
recovers its former sanity, its natural size, tempera-
ture, colour, or transparency, and sensation, so as to be
without a vestige of the morbid action, the inflamma-
tion is resolved, or, as it is said, “ terminated by reso-

Intion.”
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days. The contrasted appearance of one portion of the
web stationary, and another in brisk circulation, is stri-
king. The labour also of the eurrent, the sudden over-
coming of the obstacle occasioned by a too crowded
passage, and the instant velocity succeeding thereupon,
reminds us of the swaying backward and forward, and
at length the inrush of a erowd emerging into an open
space from a narrow avenue.

A saturated solution of common salt, the muriatic
acid, spirit of wine, ammonia, and a wound with a
puncturing or cutting instrument, all coineide in pro-
dueing these phenomena,

Salt—At the expiration of eight days from the ap-
plication of the solution of salt, I found that the greater
part of the capillaries continued loaded with motionless
particles of blood, even as far as their junction with the
large vessels parallel to the toes. The passive capillaries
had an increased diameter, and the accumulated parti-
cles gave a deeper red colour to them. A circulation
going on n small vessels, at distant intervals of space,
was so much slower than usual, as distinctly to allow
the form of the globules to be seen, as they proceeded
by an oscillatory movement. The web consisting of a
double layer of membrane, the active capillaries were

seen crossing the passive ones on a different plane. The
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portion of the re-established circulation was somewhat
greater, and the motion of the blood particles compara-
tively quicker. The colour of the passive and distended
capillaries was as bright as in those stimulated by com-
mon salt ; in both the two layers of capillaries in the
web were very distinetly demonstrated, and served clearly
to show the difference of diameter in the active and
passive capillaries, the latter apparently dilated by tur-
gescence. On the fifth day the whole web was opake
and thickened—some large trunks congested with red
globules, and perfectly passive—the circulation very
gradually re-establishing itself. This state continued,
the eirculation going on briskly over an increasing por-
tion of the web from day to day, the large congested
capillaries before mentioned excepted; and when, on
the eleventh and twelfth days, it was wholly restored,
the web continued opake and thickened.

Wound.—The web of a frog’s foot was divided mid-
way between and in the direction of the toes by a pair
of sharp scissors, when the edges of the cut retracted
immediately, leaving a triangular gap A. After some
seconds, blood-globules escaped from the mouths of the
divided veins on one side, of various shapes, as they
presented their surfaces to the eye—some elliptical,
others round. These appeared to rest on a serous or
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and smooth ; the wound presented a much more gpen
angle, and the circulation was with difficulty observed,
on account of the greater degree of opacity and thicken-
ing which the wounded web presented, compared with
the stimulated web.

On the twelfth day the angle of the wound was ob-
literated, and the effect of a shortened web produced.

The dotted line a gives the original outline of the
web; b shows the angle of the recent wound, and ¢
the curve of the cicatriced wound. Eedysis of the
cuticle had taken place, which explains the opacity
noticed on the eleventh day. Thus the arrest of the
circulation, and its gradual restoration, comprehend-
ing the termination by resolution, correspond in their
attending phenomena, and in time, in the cases of a
stimulant applied and wound inflicted ; and the forma-
tion of a cicatrix by the adhesion of the equally re-
tracted edges of a peripheral and membranous cut

wound, involving simply solution of continuity, is ac-
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sensation ; and that severe pain may exist without in-
flammation is exemplified in the pure neuralgia. Every
part of the body has its proper seat of representation in,
and chain of connexion with the brain; thus to a cer-
tain extent we can call up sensation by imagining it.
Not, indeed, such as to counterbalance a substantive
physical endurance—

““ 0, who can hold a fire in his hand,

By thinking on the frosty Caucasus ?

Or cloy the hungry edge of appetite

By bare imagination of a feast?

Or wallow naked in December’s snowr,

By thinking on fantastic summer’s heat ? " *
nor even to fix the character and amount of uneasiness ;
but the nervous hypochondriac feels, there can be no
doubt, the pricking in the skin, the pain in the stomach,
heart, kidney, bladder, which he so graphically deseribes,
as his mind pictures either organ the seat of disease.
Sensations of pleasure are also excited at will, and car-
ried out by vivid images and recollections, in certain ex-
cited states of the cerebral system, especially under the
mfluence of dreams.

Pain, to whatever region referred, has its real seat in
the brain ; and in diseased states of that organ, its alpha
and omega are cerebral, a fact of which the proofs fur-

* Shakspeare’s Richard II.
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flamed, arising out of the various modifications of ner-
vous tone and vascular action to which they are sub-
jected from the operation of different causes. Thus, one
pain is lulled by the magnetic fluid, another is suspended
by the irritation of a blister; one by ammonia, quinine
or arsenic, another by opium or aconite ; one by taking
food, another by its rejection, or by abstinence.

The deseription of pain unattended with inflamma-
tion differs from the pain of inflammation, although the
former is subject also to varieties in kind, duration and
intensity. Throbbing, lancinating or pulsatile pain,
i. e. pain accompanied with a sense of motion of the
fluids in the part, is the most characteristic distinetion
of acute inflammation ; and an obtuse, aching or heavy
pain belongs to a congested state of the local eircula-
tion. Neuralgia 1s generally attended, more or less,
with muscular cramp or spasm, and such pain is either
intermitting or periodical. The nature and often the
seat of an inflammation is detected, and the treatment
directed by the character of the pain, taken independ-
ently, or in conjunction with other symptoms. Exter-
nal and internal medicaments, which permanently re-
lieve inflammation, assnage its pain; and if they do
not relieve inflammation, they not only fail to relieve

pain but generally aggravate it. Such as relieve pain in






4

LOCAL SYMPTOMS OF INFLAMMATION, 47

the eirculation is neither locally nor generally affected
in pure neuralgia, unless secondarily, from nervous ex-
haustion ; in inflammation it is always more or less sen-
sibly affected. It is therefore probably the nerves of the
blood-vessels that are first excited m the pain of inflam-
mation ; in neuralgia there is no direct evidence to this
effect ; the pamn follows and maps the course of the free
sensitive nerves, and seems to be originally belonging to
that system.

2. Swelling is an inevitable effect of the overloaded
state of the blood-vessels of a part, whether arising
from the excessive importation or the deficient exporta-
tion of blood; constituting the loss of balance of its
healthy circulation. When extravasation or effusion
comes to the relief of the congestion, swelling explains
itself. But prior to this stage it must be referred to
the dilated state of the capillaries beyond their mean
diameter, and the consentaneous yielding of the sur-
rounding parts. The detention of the blood by liga-
ture of a part, the operation of the cupping-glass, and
plunging the arm in a vessel of hot water, though
acting on different principles to produce the same effect,
are rude but familiar demonstrations of the fact. It
is remarkable that, in inflammation of parts whose tex-
ture does not readily admit of swelling, and this relief
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Some invalids are tormented with a sense of heat,
whose surface indicates no deviation of temperature
from the ordinary and healthy standard, either to the
hand or the thermometer. The sense of heat in an in-
flamed part subsides as the inflammation declines, that 1s,
as the freedom of the circulation 1s re-established ; the
vessels being unloaded by the restoration of the sus-
pended perspiration, or the effusion of some of the con-
stituents of the blood in its erisis. It is not easy to
comprehend how the heat evolved in a part can, under
any circumstances, exceed the standard heat of the blood
in the left ventricle of the heart; and the experiments
tending to establish that fact are not conclusive, as the
standard heat is certainly liable to variations within a
certain range. But it is not denied that the sensation of
increased heat is perceived by the physician as well as
the patient in permanently inflamed or congested sur-
faces. The determination of blood to the capillaries in
blushing is accompanied with a distinet though trans-
ient sensation of burning heat to the individual, yet not
such as could be ascertained by the most delicate ther-
mometer. It is most probably to be referred to the
extraordinary inlet of arterial blood into the capillaries ;
its longer detention by the congestion proper to inflam-
mation, and the consequent increase and vigour of the

D
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neighbouring circulation would give permanency to the
sensation, and render the actual increase of temperature
appreciable.

4. Redness.—This sign of inflammation depends upon
the demonstration of previously invisible vessels by an
increase in the volume of their circulating blood, from
the lightest to the most intense shade; upon their
number, capacity, and the degree of fulness compatible
with motion. For although the oxygen of the atmo-
sphere will redden the blood in the congested vessels of
the surface, while circulation, however imperfect, con-
tinues ; from the commencement of the state of absolute
stagnation, the colour gradually undergoes a change
from pink to purple. In some modes of inflammation
this shade of colour prevails even from the beginning, and
soon turns to livid, resembling that of the ecchymosis
in which the venous blood is extravasated, or of the gan-
grenous spot where it is decomposed in the lifeless
vessels. These varieties are due to the state of the ge-
neral circulation, which gives its character to the inflam-
mation, and an attending change in the constitution of
the blood. In general the readiness with which a part
under inflammation assumes this symptom, and the
degree of intensity to which 1t is carried, depend upon
the strength and activity of the inflammation, in con-
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the pain and vigilance it occasions explan, not as 1t
is when it participates in the inflammatory action.
Thus in addition to the restlessness, anxiety, and wan-
dering aches and pains, the secretions are interfered
with if not partially suspended, and the stomach is
deprived of appetite for food or power to digest it,
yet the pulse is not accelerated, nor fuller nor harder
than usual, and the state usually denominated fever
is not present. This state of sympathetic irritation
depending partly on confinement, where that is im-
posed by the inflammation, and in part on the local
morbid action, must not be confounded with fever,
although it is the precursor of fever, if not relieved by
soothing the inflammation, as by rest, reduced diet,
aperients and anodynes.

When the local inflammation is in such organs or of
such amount as to rouse the system, this partakes of
the inflammation. The blood undergoes changes in
passing through inflamed vessels, which affect 1ts
natural properties. The brain and nerves become preter-
naturally excited by it, the functions of the entire di-
gestive apparatus and of respiration are hurried and
imperfectly performed ; consequently the excretions are
altered in quality and in quantity, and the witiation
of the blood increases from the suspension of the relief
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thetic fever is allayed, #. e. the blood is restored to a
healthier condition by the free and full action of the
emunctories, and nature’s own resources of sleep and
appetite consequent thereupon, the local inflammation,
in whatever stage of its action, resumes, and admits of
local treatment with daily increasing effect. The sur-
rounding integument assumes a bright rose-tint, eircum-
seribed, instead of livid and diffused, and lies close and firm
mnstead of puffy and hollow ; new granulations sprout at
the breach, the sloughs are cast off as they advance, and
the sanious and ichorous discharge becomes healthy pus.

I do not deny that upon a miniature scalg all this
may be seen where the constitution has been unaffected ;
it 1s so because nature’s operations are uniform ; but I
have not overcharged the picture where the inflammatory
fever is present, and it is conformable to reason and ob-
servation to expect that the local changes, where the
system has never been disturbed, should be the prototype
of those which ensue, when such disturbance has been
allayed, and the system recovers its tranquillity.

In inflammations which are set up by grave injuries,
the system, if not at once disabled or in some way dis-
ordered along with the part, is frequently predisposed to
an earlier sympathy, induced by the shock which it has
at the same time sustained. This sympathy constitu-
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injury or from other causes. The life of the patient
seems in a great measure contingent upon his power to
bear,» and his susceptibility of relief from, the loss of
blood,—conditions which are not at variance,—at first
_in larger and afterwards in smaller quantities. The
subjects most prone to severe inflammation are gene-
rally those most requiring and best able to bear the loss
of blood; but to this there are exceptions; and in in-
juries where the parity of these conditions is frustrated,
it is in small quantities only that experienced practi-
tioners bleed, looking always to the call upon the vital
power for the support of the injury and its necessary
consequences. In inflammations, however originating,
whether from injury or from diseased habit, affecting
the extremities, general blood-letting is seldom ad-
visable or even practicable with safety. From the part
blood 1s taken by various methods with very great ad-
vantage in such cases.

The choice of measures, i. e. local or general blood-
letting, is determined, partly by the relation of the
parts affected to the centre of the cireulation, and in
part by the more or less urgent necessity that exists
for disembarrassing the general functions and arresting
destructive inflammation. In visceral imnflammation ve-
nesection is indicated and warranted to the utmost ex-

D 5
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tent that the powers of life will bear; for here the mass
of blood is so altered and spoiled for its proper and
healthy purposes by the direct implication of the blood-
making and blood-preparing organs in the disease, that
relieving the system of its presence to the extent that
can be borne, i1s the main resource we possess for its
preservation. As we would remove a poison, a ma-
teries morbi, in such cases we take away blood. Its
altered condition is palpable when eliminated from the
body: it undergoes a peculiar separation of its parts,
and presents other appearances not manifested by
healthy blood. The difference of the blood within the
vessels, from that of health, is not less if we could fully
appreciate it. If inflamed blood be transferred into
the vessels of a healthy animal of the same species, as
his own is withdrawn, instead of supporting, it rapidly
destroys life. A freer circulation through the small
vessels, and those of the excretory glands especially,
ensues almost immediately upon a full blood-letting :
the sense of overwhelming oppression is relieved, and
the inflammation, if not abridged by its effects, is dis-
posed to a kindlier termination.

There are two false doctrines concerning blood-letting
for inflammation, which cannot be too strongly con-
demned ; the first, anticipatory blood-letting, by which I
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mean, the large and repeated detraction of blood before
inflammation, being considered inevitable, has actually
manifested itself—on the hypothesis of starving the
action, and thus rendering it tractable—which is a direct
attack on the vitality, and fatally perverts the action, if it
do not destroy the resisting powers of the system. The
second, continuing the employment of the lancet so long
as the last drawn blood exhibits the signs of inflamma-
tion, which if drained to the last drop it would do; or,
in other words, not reflecting that there is a line beyond
which the practice becomes destructive instead of re-
medial ; and that there are many inflammations which
do not admit of arrest by depletion, and upon which
other modes of treatment are efficient for this end, even
though not an ounce of blood be drawn. Many lives
have been sacrificed to the prevalence of these irrational
and absurd notions, and many preserved in their ex-
tremity by being fortunately placed beyond the reach of
the surgeon ; especially, I am induced to believe, in mi-
litary practice.

When the change of the mass of blood ensues upon
local inflammation, wherever seated, some of the internal
organs especially, but all more or less, indicate the effect
produced by it, and fever is established. It may be
that these organs are not actually inflamed, though






EFFECTS OF INFLAMMATION ON THE sYSTEM. 61

not hesitate to employ general blood-letting, and in all
such cases instantly and freely employ topical bleeding.

The principal change in composition which the blood
drawn under inflammation presents, is, that it becomes
sizy, . e. the fibrine and colouring matter tend to a
more complete separation than in the healthy state,
when the former becomes concrete; while, at the same
time, the proportion of fibrine to the other constituents
1s increased, so that the aggregation of its proper parti-
cles renders the coagulum preternaturally firm and con-
tracted. This is a tendency not depending on any va-
riation of the time required for coagulation, though it
may be additionally affected by it. It is a change gra-
dually wrought in the passage of the blood through the
imflamed parts until it extends to the blood over the
whole system. The change as regards quantity trans-
mitted under inflammation is determined by the fact,
that the whole quantity returned by the vessels of an
inflamed part is three or four times greater than from
the opposite sound part when the inflammation is severe ;
the acceleration of the blood through the vessels of the
neighbourhood more than compensating the retardation
through those of the inflamed part.

This change in the properties of the blood is accom-
panied by a very notable alteration in the acting power
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subservient to its distribution, through the medium of
the nervous system. The heart subject to its agency, and
excited to action by its presence, becomes stimulated to
a more rapid and vigorous movement, and, as far as its
influence is capable of propagation, the extremities of the
circulation respond to it. If the force by which the cur-
rent is moved through the capillaries, in which order of
vessels inflammation originates, is capable of being re-
laxed or exerted to a certain extent, independently of the
heart’s action, as is seen in nascent and purely local in-
flammations, the continuity of the lining membrane places
the entire vascular apparatus in consent, and the vascula
minima react upon the trunks in obedience to the impulse
communicated by the heart, and the more animalized and
stimulant quality of the blood which they transmit.
The setting up of fever is gradual; it is not esta-
blished under many hours, more than local inflamma-
tion: so is the alteration in the properties of the blood
which induces it; so are the changes to which it gives
rise. Whether the first morbid mmpression and action
is upon the nervous system, transmitted by the nerves
of the part injured or inflamed to the nervous centre, and
thence to the organs of circulation, is a moot question.
To my mind the pathognomonie signs, as well as the facts
of physiology, are in favour of this opinion. The premo-
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nitory symptoms, viz. headache, lassitude, disquietude,
nausea, chilliness, and rigor, are indications of the more
or less troubled condition of the nervous centres : to these
the alteration in the measure and force of the circulation,
the permanent and sensible changes upon the internal and
external surfaces, and their secretions, succeed, viz. quick
pulse, hot skin, dryness of mouth and fauces, furred
tongue, vitiated and scanty excretions, &c. Of the
changes that ensue in the parts which are the seat of
inflammation, we shall speak in another place ; but that
the action of fluid and solid is reciprocal in the produc-
tion of inflammation and fever, as it is in the functions
of health ; and that it 1s inconsistent with all we see and
know of the animal functions to imagine the possibility
of either being exclusively in fault, is a proposition which
scarcely needs to be exemplified.

Here then is material sufficient to account for the
frequency and fatality of the fever of imflammation : the
period of its accession is very variable, its extent, nay,
its existence is uncertain, and depending on too many
circumstances incidental to the occasion and the subject,
to be laid down with any approach to precision. The
same may be said of the character of the fever, whether
dynamic or atactic, to which indications the treatment

must of course be subservient.
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in the light of inflammatory effusions, but as the simple
results of local irritation and congestion.

Dropsical accumulations, commonly denominated effu-
sions, are frequently unattended by inflammation, and
owe their origin to local causes of a nature wholly dif-
ferent. Such for example are the ordinary hydrocele,
hydrops articuli, and anasarca of the lower limbs. Upon
all these the act of inflammation being superinduced, a
mixture more or less of the vitiated secretion natural to
the organ coexists for a time with the produet of in-
flammation, whether serum, lymph, or pus ; but is even-
tually superseded by the latter, as the inflammation,
more or less active, proceeds and becomes established.

The first change external to the vessels in mmflamma-
tion isnot a permanent change, and looks like a measure
of temporary relief to the overloaded vessels which sur-
round the inflamed centre. It is an aqueous exudation
from the colourless capillaries into the adjoining cellular
texture. It would seem to be a passive mechanical
effect, as it doubtless often is, but for the precedence of
other unequivocal signs of inflammation. Its appearance
is by no means uniformly indicative of the strength or
activity of inflammation; in some being scarce notice-
able, in others occurring to an extent over-proportioned

to the degree of inflammation, as marked by other
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symptoms. The loose texture of the connecting mem-
brane seems to favour it, judging from its greater fre-
quency and extent in such parts as abound therewith,
and vice versd. It undergoes absorption in variable
times, but however considerable, seldom remains beyond
a few days, perhaps hours.

It may present an admixture of the colouring matter
of the blood, in which case its disappearance is not so
speedy. The escape of entire blood seldom attends in-
flammation, nor does its extravasation, quoad blood, n-
duce inflammation ; but enough of the colouring matter
to render serous effusion sanious is not uncommon.

The effusion which ecommences, and more or less in-
creases from the accession of the injury, as contusion or
fracture, is a result of lesion antecedent to inflamma-
tion, and generally furnishes a measure of its amount.
It is commonly supposed to augment rather than relieve
the ensuing inflammation, by reason of the tension it
gives to parts in the vicinity. If, however, we except
luxations and fractures attended with displacement,
it 1s probable that the after processes are beneficially
influenced by the evacuation, and that the tension
which for two or three days prohibits artificial ap-
pliances, is more than a substitute for the benefits to
be derived from their use, by the actual immobility and
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support which such a mode of equal compression com-
municates.

After a considerable effusion of blood into the cellu-
lar membrane, the absorption of which proceeds more
gradually, a degree of thickening and of firmness of tex-
ture remains for a period ; this is owing to a partial co-
agulation. The same effect follows, in a more remarkahle
degree, a large effusion under inflammation of the hquor
sanguinis unmixed with colouring matter, ¢. e. the part
recovers slowly, becomes thickened and opake, perhaps
indurated, and does not soon resume its figure. [Chronie
chemosis, phymosis, glandular and bursal inflamma-
tion.] This is the distinction between the aqueous
effusion occasioned by mechanical irritation or compres-
sion, and the fluid effused under active inflammation.

The purer the serum, 7. e. the nearer its affinity to
that fluid, as separated from the other constituents of the
blood in the aet of coagulation, when little or no fibrine
is held in solution, the more rapid and complete will
be its removal by absorption. But the fact last stated
may admit of a different explanation. The loss of
figure and transparency, the thickening and induration,
when considerable, are perhaps not so much depending
on the nature of the flud first effused, as upon the
inflammation of the distended or compressed cells, and
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followed by induration to a considerable extent, the re-
sult of extreme distention, and at length inflammation
is set up, attended by pain, heat, and redness ; suppu-
ration follows, then ulceration, or even gangrene. In
this case the obstruction is purely mechanical, the ba-
lance being gradually lost on the side of the absorbents,
and the distention thence resulting acting upon unin-
flamed parts. The case is therefore altogether different

and distinet from that in which the effusion has been
rapid, and upon parts already involved in the mmflamma-

tion.

The rapid power of absorption residing in the healthy
cellular membrane is displayed by nothing more stri-
kingly than the complete removal of the fluid of a large
hydrocele, which has been gradually let out by acupunc-
ture of the tunica vaginalis into the serotum, in about
eight and forty hours ; an observation which I was, I
believe, the first to make and apply.

The perfect absorption of effusions from mjury or
pressure within a short period, nay, their frequently
sudden disappearance and the complete recovery of the
part, in a vast proportion of cases, serves to show that
the effused fluid is in such cases either a preternatural
transpiration of the aqueous part of the blood through

the capillaries, or a sudden suspension of action of the
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the fibrine is not effused distinctively, in the form we
can demonstrate it to be capable of assuming by inter-
rupting the coagulation of recently drawn blood, or it
retains its fluidity as a constituent of the liquor sangui-
nis, when extravascular.

The effusion of fibrine is never unaccompanied with a
proportion of serum, but there can be no doubt that
the serous effusion may and does take place without
any appearance of concreted matter or coagulable
lymph.

In the instance of dissolution of continuity, whether
of soft or hard parts, we have, independently of the effu-
sion of blood and subsequent to it, a serous exudation
into the cavity, organizable fibrine coating the sides and
closing the mouths of divided vessels, and blood coagula
in their interior extending a short space therefrom, thus
presenting to a certain extent distinetly, the three con-
stituents of the cireulating mass.

It would appear that the first exudation, either in
wound or preliminary to abscess, or when not attended
by inflammation, is confined to the aqueous part of the
circulating blood, but that the continued action of in-
flamed vessels determines the effusion of fibrine, which,
abounding in a larger proportion and strengthened in
its property of coagulation by the separation of the

E
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resisting or restraining property from the shock to the
nervous fibre, and in effusion from pressure, as eedema,
it is the like arrest or suspension of the absorbing or
carrying power ; in either case the balance of forces, and
mutual relations, chemical or mechanical, being so far
disturbed and interrupted. In inflammation, this altera-
tion of tae normal affinities between the vessels and
their contents is invariable, conspicuous, and strongly
manifested, and may be regarded as the proximate cause
of its phenomena.

The mere extravasation of blood, we know, does not
determine its coagulation, though it often retains the
coagulable principle, as is proved by its immediate co-
agulation after many days, on exposure to the air. The
comparative slowness with which it assumes the solid
form in acute inflammation, and its greater firmmess of
cohesion when consolidated, both in and out of the
body, depend on its high state of vitalization, and, in
the former case, eminently favours adaptation by its first
plastic and ultimately resisting qualities, which are
equally indispensable to its organization.

The spontaneous coagulation of blood eliminated from
the circulation is, if not the last act of life, the symbol
of its inaptitude for any further purpose of the eco-
nomy. If effused within the body, its coagulation

E 2
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with another, parallel for the most part to the margin of
the wound. These vessels are visible in fine striz be-
fore circulation can be detected. A single globule is first
observed to enter, and this is followed by more, which
have only an oscillatory motion for many hours, a flux
and reflox derived from the impulse of the circulation
in the parent capillaries ; which see-saw movement con-
tinues gradually gaining in the direction of the nearest
neighbouring vessel, into which at length the pioneer
globules enter in single file. The next stage is the
abrupt and rapid occasional transit of a globule, or
of several isolated globules in succession, through the
new channels, just as drops of rain course one another
down a window-pane in the same track.

The conclusion of the process is a regular uninter-
rupted transition of a file of globules, by which a cross
branch of communication is established. This is the
simplest example, but the complications of anastomosis
proceed in a similar manner. Instead of the meeting
of parent vessels, one new vessel encounters another,
and they join and divaricate at an angle; or one meet-
mg another current in an opposite direction, is re-
flected at an angle so acute as to be refluent upon
itself to the vessel from which it emanated, or to con-
tiguous ramusculi from the same parent, and thus
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arches and circles forming a mesh of anastomosis are
established.

The nascent blood-vessels appear in the first instance
destitute of colour, by reason of the paucity of the
blood globules which they convey. When perfected,
enlarged and multiplied, they become the nourishing
vessels, arteries and veins, of the new texture, the motion
of the blood being, as they are arteries or veins, con-
formable to that of the original texture. The appear-
ances of vessels striking directly across the newly-
deposited lymph to meet their opposites—of vessels
seemingly engrooved in the lymph by a train of blood
globules pioneering their track—of msular specks and
zones in the fibrinous deposit, which generate and throw
off pencils of vessels for anastomosis with each other
and with those proceeding from the margin, are doubt-
less presented at different stages of the process; but
being the result of occasional and partial observations,
have been inaccurately dated and explained. The whole
business of organization is of and from the margin of
the wound, and it is upon the margin and its gradually
developed organization and encroachment, that the heal-
ing action 1s first and last seen, i.e. until its oblitera-
tion by the cicatrix. There is no such thing as isolated
or independent vascularization, although appearances
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exist that convey this impression, as will be afterwards
shown. The centripetal or convergent arrangement is
the presiding and consummating genius of the opera-
tion; but the inherent contractility of the fibrine, and
the primary institution of a fuller and freer anastomosis
of the nearest marginal vessels modify the process of
organization, and render the centre, as it 1s the most
distant point, the last vestige of its completion. The
loop, fork, or arch conmsists of an arteria and vena
“ comites,” so that the continuity of circulation keeps
pace with the extension of vascularization; it is the
opening out of the angle of reflection which presents
these varieties of arrangement at different periods, and
explains the purpose of its existence and uniformity.
Every wound presents the following phenomena :—
the occlusion of all divided vessels not of large calibre
by clot or coagulum of blood; the actual stasis of the
circulation in the part, the first local phenomenon of
inflammation, with or without lesion; the gradual de-
posit of fibrine devoid of colour, and the subsequent
more gradual vascularization of that fibrine, by the
opening of transparent channels for the admission of at
first 1solated globules, then a train or file of globules,
and ultimately a column conveying colour; their inter-
communication, anastomosis and reflection towards the
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to illustrate by analogy the effects of the stasis of in-
flammation, with or without breach, in the coloured
capillaries, mufatis mutandis ; not by any means war-
ranting the inference that mechanical obstruction alone
is the cause of inflammation, but showing that inflam-
mation, artificially produced, exhibits parallel pheno-
mena with that which arises from accidental and natural
causes. The increased vigour or extent, if need be, of
the collateral eirculation after inflammation not admat-
ting of resolution, and therefore terminating in breach,
1s analogous to that seen upon a larger scale after a tied
artery ; what belongs in this instance peculiarly to the
artery being transferred in the other to the system of
vessels supplying the inflamed or broken parts.

Is the blood, when effused from wounded surfaces, a
medium of organized adhesion ? or capable of becoming
so ? I answer in the negative : the question turns upon
a delusion. If the wound be so small as that the effu-
sion of blood 1s restrained by the adaptation of its sides,
whether naturally falling together or artificially com-
pressed, the separation of its colouring matter is shown
by a plentiful oozing of sanies at its mouth and the
formation of a crust. If, on the other hand, the wound
be of such form or size as to prevent coaptation, or he
attended with loss of substance, the coagulum of coloured

E O
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The ultimate complete absorption of the clot is equally
well exemplified.

Since this was written, I have perused with much in-
terest the valuable observations of Mr. Dalrymple, “ On
the rapid Organization of Lymph in Cachexia®.” 1 ap-
preciate and recognise the original fact contained in this
statement, and regard it as of great practical value. But
neither the case of the seaman of the Dreadnought, nor
the ingenious arguments brought in support of the
opinion, that effused blood is susceptible of organiza-
tion, convince me of the accuracy of that econclusion, or
indeed shake my confidence in that which I have stated.
As regards the preparation, an effusion of blood, filling
to distention the connecting cellular tissue of the bone
and periosteum, and dissecting the web of the nutrient
vessels (Mr. Dalrymple’s first and most obvious eonjec-
ture), is, to my mind, the true explanation, and neither
admits nor requires the hypothesis of newly-formed, be-
cause newly-displayed blood-vessels ; and most certainly,
had they been so recently formed, the injection, however
delicate, would have produced one mass of extravasation,
so that the case 1s one that proves too much for the ar-
gument. I can well believe “ the entire dissimilarity of
the organization of this tissue (so infiltrated) from the

* Royal Medico-Chirurgical Transactions, vol. xxiii.
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fibrine not perfectly disentangled from the colouring
matter of blood. Pure fibrine and pus also are elabo-
rately produced in healthy subjects, for we see both im-
proving under the progressive changes of granulation
and 1its secretion from the commencement of the sup-
purative and ulcerative processes to their completion,
and their utter stagnation and degeneracy in decayed
constitutions. Cachexia displays all the phenomena of
spurious organization, blood and lymph conjointly form-
ing false membrane, and fungous granulation striated
and intermixed with coagula, quite incapable of self-
preservation, though effectually preventing the act of
union or healing. Slow and sure are a pretty constant
couple throughout nature, and the false coin of morbid
states of the circulation only serves to give character by
contrast to the true die.

But further, premature, hurried, and ineffectual ef-
forts at organization are characteristic of the anormal,
morbid and malignant structures of scrofula and can-
cer, and their infinite varieties in the adhesive stage,
viz. warts, fungi, excrescential and parasitic growths,
tumours and heterologous productions, solid and fluid.
The type of the action is furnished more or less by the
natural standard, “uf vultus, ita simulacra vultus ;” but

the materials as well as the machinery are so degenerate,
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as to be not only incapable but mischievous. Hence,
they either fall, break up, and perish, by reason of their
spurious and imperfect vitality, an easy prey to the ab-
sorbents, stimulated to increased activity ; or their action
is, figuratively speaking, reckless and impatient of con-
trol, the structures attain an enormous magnitude, and
involve all surrounding parts in ulcerative and gan-
grenous inflammation.

The preservation of the fluidity of the blood in its
vessels, and the solidification of one of its component
parts by a vital process, consentaneous with its separa-
tion from the mass, are the ultimate principles upon
which the phenomena of inflammation rest. The prin-
ciple of coagulation in the blood has no other relation
to this condition than the circumstance of its dependence
upon the same constituent, viz. the fibrine; it is a law
of Nature, that under certain circumstances blood coagu-
lates when out of the vessels; that in others this change
1s anticipated or prevented, and it remains flmd ; that
some conditions accelerate, others retard the process
and in proportion separate its component parts, as in
some circumstances it parts with its heat sooner than in
others : all this bears only so far upon the change which
fits it for organization as to show that the deposition of
pure fibrine, in an organizable form, is a vital process,
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depending upon an action sui generis, of which the
coagulation of the blood, under other and ordinary cir-
cumstances, furnishes no example.

There is no structure insuseeptible of this action, for
in all it is commenced, if not completed, by vessels so
delicate, as to be, for the reason before mentioned,
colourless ; parts opake and essentially transparent are
therefore open to it, nor can any breach of the solid
fabric of the body be healed but by this medium. That
in some it is more ready and abundant than in others
may be admitted ; a difference, however, more apparent
than real, and determined by the fact, that varieties of
structure and of injury demand and present correspond-
ing variations in the mode of repair.

In speaking of the formation of vessels, those which
serve the office of veins as well as arteries are included ;
and the réseau formed by communicating branches, at
indeterminate angles, exhibits the ultimate subdivi-
sions of the vessels, and eventually a degree of vascu-
larity approaching that which belonged to the original
structure.

The presence and activity of lymphatic absorbents is
evinced by the proportion and adaptation of the new to
the breach or loss of the old structure, e. g. the changes
ensuing upon fracture of bone; and the same deserip-
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tion of proof is obtained of the reproduction of nerves,
e. g. the restoration of sense and motion after their sus-
pension by dividing wounds. We see the uniform distri-
bution of these systems in original parts, and their
mutual dependence and co-operation, and should be ut-
terly at a loss to account for the visible, and tangible,
and essential properties of united and newly-formed
structures, without their combined agency.

The false membrane, as it 1s called, within the visceral
chambers, canals, and blood-vessels, and all preternatural
growths, the lining membrane of phlegmonous abscess
(pyogenic membrane), investing and secreting cysts, are
depositions of fibrine secreted by the capillary vessels
under inflammation. Much of this is often effused in
detached and colourless flakes floating in serum, and
this albumino-fibrinous material is not elaborated in its
secretion like that which is adherent to the inflamed
surface, and undergoes a quick organization. This, upon
free surfaces, often assumes a fantastic though uniform
arrangement, as the cellular and septiform or honey-
comb like, the foliated, the fringed ; the form of loops or
festoons, or depending branches of trees ; grape or berry-
like clusters, and all the varieties of warty and ex-
crescential growths. An opposite surface partaking of,
accepting (according to Hunter) the same action, union
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speedily ensues through the medium of the organizable
lymph ; it 18 when union is interrupted or prevented,
whether owing to the intervention of sohd or flud, the
action of the parts, or their relative position and pro-
perties being opposed to it, that these varieties occur.
Whether the production of lymph in these varieties,
which are far too numerous and complicated to admit
of particular deseription, interferes with the functions
of life or not, depends upon the importance of the organ
affected, more than upon the mflammation. The cauli-
flower warty excrescence covering the glans pems and
prepuce in gonorrheal phymosis, and the honeycomb
deposit upon the heart and pericardium in carditis, are
both results of inflammation, depositing and organizing
the fibrine of the blood. But the state of the system
is as much as possible contrasted, and the difference is
that between the inflamed condition of the mass of blood,
the interruption to the vital changes, and the presence
of destructive fever in the one ecase, and not in the
other.

Thus, though the adhesive process, if favourably cir-
cumstanced and undisturbed, is capable of uniting
wounds and restoring the health and use of parts; if
originating upon surfaces independent of wound, and
set up by other modes of irritation, local or constitu-
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tional, is productive of all the inconvenience and danger
resulting from interruption according to its degree, to
the function of those surfaces, and the parts with which
they are connected. Of this fact the larynx, the ali-
mentary canal, the blood-vessels, and the urinary pass-
ages furnish frequent examples.

Nature has provided qualifying agencies in the coun-
terplay of the processes of inflammation respectively.
A foreign body is an interruption to union, but not to
the adhesive inflammation ; as we see in the encasement
of such as are inorganic by an investiture of lymph ;
for example, leaden bullets, pins, &e. The travelling of
pins and needles about the system, depending on other
circumstances, could not be accomplished with safety, if
the adhesive inflammation did not protect the parts
through which they pass by a successive encasement of
coagulable lymph; as the foreign body proceeds the
channel closes and heals, and sooner or later becomes
obliterated, and in the same manner extraneous fluids
are conducted by sinuses to the surface. Some foreign
substances, from attending circumstances, remain per-
manently in their original investing cyst, and are found
in eritical situations in post mortem inspections, even
when their presence was, if not unknown, at least un-
heeded during life, being productive of no inconveni-
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of each specimen being registered and carefully en-
graven on the glass¥.

The instant appearance of the part, especially of the
blood-vessels and their colour, can only be preserved by
such a mode of death as is instantaneous and without
struggle, for which purpose Dr. Todd employed nico-
tine. |

It is deeply to be regretted that the specimens. are
unaccompanied with any manuseript record or notes by
way of illustration, although subjected to careful ex-
amination by the doctor from time to time with the
design of working out the subject, and ultimately pre-
senting it in a finished state to the profession. Neither
the eye nor the mind of a survivor, however accom-
plished, can supply the place of those of an original in-
quirer. The time occupied for the completion of the
process varies according to the nature of the injury, and
allowances must be made for the incidental varieties of
vigour or languor in individuals, and perhaps the in-
tluence of season, to reconcile the seeming discrepancies

in the rate of advance; wherefore an interval of three

* This interesting collection was purchased of Dr. Todd’s
executors by the Royal College of Surgeons, and is now arranged

in their museum. It also comprises some valuable preparations
in the department of Insect Anatomy.
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Days.
12. Appearance of extravasation or clot ?

14. Fine anastomosis of vessels around the wound. Clot
pale.

15 and 16. Clot presenting a dotted or stellated appear-
ance. Beautiful circle of anastomosis.

21. Shght vestige of wound.

24. Star-like extravasations, or remnants of original
clot ?

26. Idem. Original deposit of opake lymph organizing.

28. Organization of lymph by fine vessels coming from
the margin.

30. Stellated appearance very faint; white interspaces,
and the blood dises both in and out of the vessels
clearly distinguishable.

34. Zones or arcs of new vessels, seen in a deposit of
lymph one within another ; faint stellze.

39. Semi-pellucid appearance of lymph deposit.

42. Very faint stellze, marking site of wound, surrounded
by vessels freely anastomosing.

46, 48 and 50. New vessels anastomosing and arbores-
cent on site of wound, which is a linear cicatrix.

54. Moleculz of blood corpuscles visible in and between
the new vessels.

58. Looped arrangement of new vessels, occupying the
cicatrix,

60. The blood dises seen in the new vessels, and mole-

culz of the same in the still remaining pale stel-
lar spot.
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Days.
60. Remarkable stellated appearance of the new vas-

cularization ; some vessels exhibiting the regular
folded or looped termination.
64. Small central cicatrix. Converging vessels.
71 and 72. Scarce any visible trace of wound.
78. Converging vessels to central cicatrix.
88. Increased vascularity of cicatrix.
93. Small vascular points marking cicatrix.
119 and 125. Vascularization of cicatrix completed.
159. A venous trunk traversing the site of cicatrix.

HEALING BY GRANULATION.

4th Series.— Excision of a circular portion of web by a
sharp-edged instrument resembling a punch.

1. Void circular space; unequal retraction of inner
and outer layer ; surrounding vascularity.

6. Idem: borders approximated, diminishing the ca-
nal of interspace betwixt them.

11. Vessels highly injected ; one principal dilated vein ;
border of wound presents stelle of extravasation ;
circle of vessels from adjacent trunks.

13. Vessels running parallel to the margin on either
side of the wound ; the disposition prevailing at
the time of the injury ?

19. Inner border of membrane appears rounded, as if
raised by a deposit of lymph beneath it. Co-
loured discs in semi-transparent patches, as if of

F2
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Days.
57. Central coloured spot. Clear transparent vessels

belonging to the new skin overrunning it.

64. Coloured vessels; convergent radin to the cicatrix
as to a centre.

71. Idem. Convergent vessels strongly marked.

78. Blood dises seen distinet and with intervals in the
new vessels, under a high power.

81. Vascular loops and forks partially traversing the
cicatrix at one end, and completely at the other.

86. Congestion of vessels occupying ecicatrix; large
veins terminating in it.

90 and 103. Vestige of wound very faint. The repro-
duction of the cuticle in horizontal scales seen 1n
some of these advanced cases at a hittle distance
from the cicatrix.

106. New vessels, blended with dots of congestion, ar-
ranged in converging loops.

112. Complete cicatrization.

116. Convergent forks and loops of new vessels at the
cicatrix.

126. The greater number of loops joined by anastomo-
sing branches, not all; still very faint stelle of
organization.

152. Direct circulation re-established ; cicatrix very ob-
seure.

162. Idem.

174. No distinetly visible cicatrix.

P.S. A beautiful specimen of the repairing process re-
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Days.
35. Appearance of gap or break in a trunk, as in 18

and 28 ; anastomosing vessels surrounding it.

36. Very extensive clot; injury more severe.

37. Faint appearance of lymph particles in the blank
space corresponding to injury ; free anastomosis
of vessels around 1t,

39. Small remnant of clot ; surrounding vessels gorged
and tortuous.

41. Blank space; fine hair vessels converging to it from
all sides.

42. Idem; small semi-transparent particles grouped in
heaps and chains ; fibrinous deposits.

44. Trunk divided, as in 35; beautiful exhibition of
new vessels and dilated capillaries around it.

45. Central spot opake; its particles more conspi-
cuous.

47, 48. Idem.

50. Pigment deficient; no other vestige; but vessels
have a forked arrangement toward the opake
spot.

51. Vessels run across opake spot from its circum-
ference. |

52. Anastomosis of new vessels advanced, but imper-
fect ; hair-like conjunctions of new vessels in
circles and chains of unequal diameter ; globules
of blood i the new vessels very apparent under
a high power.












DRIED SPECIMENS. 107

Stage. :
2nd. Marginal layers condensed and rounded off; lymph

globules deposited there, and presently occupy-
ing the place of the wound; stellee of new vas-
cular formations here and there.

3rd. New and very fine vessels striking into the lymph
deposits fromn all points of the margin.

4th. Vessels become more conspicuous, looped or arched
toward the centre.

5th. Vascularity of cicatrix, and its diminution com-
pared with original wound; free anastomosis of
the new vessels.

4th Series.

Ist. Circular area of wound ; surrounding congestion ;
unequal retraction of marginal layers, which be-
come raised and rounded.

2nd. Increased vascularity of neighbourhood ; mar-
ginal production of colourless lymph gradually
extending to the centre, thus contracting area of
wound ; here and there spots or masses of con-
gestion.

3rd. Apparent diminution of lymph border by encroach-
ment of fine shoots from the nearest vessels,
forming arches parallel to the border of wound.

4th. Lymph globules abundant and colourless filling
the wound, having a fine granular appearance ;
stars of vascularization intermingled with them.












SUPPURATIVE INFLAMMATION. 111

purple hue ; where, on the contrary, it is vigorous, the
granulation is conical or acuminated, and of a bright
and florid tint. The aspect of the suppurating membrane
also varies to such extent as scarcely to exhibit, in some
circumstances and situations, the granular form, e. g.
upon the walls of abscesses and upon the free surfaces
of mucous and serous membranes ; but the fibrinous
bed and the capillary loop of new formation, and a cor-
responding alteration of the pus-secreting surface from
its normal state will always be detected upon careful
examination, being essential elements of the suppurative
~process. The product of granulations is a yellow, une-
tuous, inodorous fluid of a cream consistence, which is
necessary to their function, and not less to their exist-
ence, until the purpose of their formation, viz. thewr
coalition and levelling, is accomplished by the free ana-
stomosis of their proper vessels ; and the new substance,
be it skin, muscle, membrane, or bone, i1s perfected.
The granulation is hollow or cellular when first pro-
duced, and the secretion of pus within it is progressively
substituted by the secretion of the material required,
which gives it the permanent figure of the new solid;
the pus always diminishing in proportion as organization
proceeds, until the secretion of pus ceases altogether,
and the granulation properly so called disappears.
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Pus is said by some physiologists to be simply the
decolorized particles of the blood denuded of their
external coat, notwithstanding that the pus particles are
larger than those of the blood, and the figure of the
blood particle is uniform, while that of the pus globule
is infinitely irregular. In truth there is no analogy
between them. Other physiologists consider pus as a
morbific matter, and the suppurative process as esta-
blished for the purpose of delivering the system from
its noxious agency. According to the same authorities,
not only is matter presenting the characters of pus
secreted by free and entire surfaces, as of the bronchi
and blood-vessels, but detached coagula of blood in the
heart, lungs, liver and blood-vessels are met with con-
taining isolated deposits of pus, where no inflammation
affects the organ or the neighbourhood, and in some
instances, when it is not elsewhere present in the
system.

I do not believe that the fluid which we see formed
by the granulating surfaces of abscess and ulcer in one
case, and by the inflamed mucous and serous surfaces
in another, the adventitious and the proper laboratory
being in reality of very similar construction, varies in
any material degree. The mucus of the nares, the larynx,
the conjunctiva, the intestinal tube, and the bladder,
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may be suspended and substituted in inflammation by
a purulent fluid, identical, so far as its appearances and
properties are detectable, with the matter of abscess and
granulation ; but I challenge the proof that this fluid is
a transfiguration of the mucus or of the blood particle
or the broken down solid, the change taking place
within or without the vessel. How appearances may be
explained which give countenance to this hypothesis I
pretend not to say, but it is probable that the mind of
the observer partakes of the optical illusion, for the
explanations offered to reconcile difficulties are addi-
tional complications of the problem, at which our
natural sense revolts.

Pus may be present without granulations proper, as
on inflamed follicular surfaces ; but as regards granula-
tions the converse does not hold. The varieties of pus,
according to the health or otherwise of the secreting
surface, whether original or new structure, are marked
by its consistence, colour, odour, &c. Among these is
its admixture with the colouring matter of the blood,
sanious or bloody pus, and which is evidently de-
pending on a diseased state of the secreting organ,
allowing of the admixture of the two fluids by which
the homogeneity and properties of pus are destroyed ;

as in the case of sanious milk, semen, or urine, with
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which fluids it ranks equally as a vital secretion, i. e. as
the product of a vital chemistry incapable of being arti-
ficially performed. In no other sense than this, the
capability of production by artificial means, can the
term convertibleness be employed, 2 phenomenon at va-
riance with all we know of the living animal machine
and its economy. “In nova mutatas dicere formas cor-
pora,” is the prerogative of the poet, not the physiolo-
gist, except in the sense of change through the medium
of a vital action.

The blending of pus and mucus seen in bronchial
inflammation and early phthisis, notwithstanding a cer-
tain resemblance between them and that transition state
of the inflammation of mucous and other surfaces, which
so blends the natural and morbid secretion as to have
given origin to the phrases, puriform mucus, muco-
purulent secretion, &ec., are examples in like manner of
the distinction really subsisting between these products
and their absolute and respective inconvertibleness.

The material of all secretions must be derived from
elementary ingredients of the blood, not at second hand,
as by conversion of others, whether permanent or excre-
mentitious. Every secretion presents the varieties of
the organism to which it owes its origin, and especially
those formed under the forced state of inflammation.



SUPPURATIVE INFLAMMATION, 115

Hence the varieties which pus exhibits are at least as
remarkable as those of the healthy secretions; the pus
laudabile, as our forefathers called 1t, being neither the
meipient nor the final state of the secretion, but the
intermediate, when the organ is in its most perfect con-
dition of development.

The difference between the exuded serum and pus 1s
probably owing to the larger proportion of albumen
contained in the latter ; and upon microscopic examina-
tion, we find particles of size and figure resembling
those of lymph, as seen in the disengaged fibrine both
within and external to the vessels during inflammation ;
or as shown by passing the liquor sanguims, in Muller’s
experiment, through a sieve.

Is pus ever unpreceded or unattended by inflam-
mation ? I cannot say that I ever met with pus in such
circamstances. Collections of pus in all states, where
inflammation has passed away and left its vestiges, in
altered or adventitious structure, are familiar to us.
Does any practical man recognise its appearance inde-
pendent of such vestiges, in the absence of active in-
flammation ? If not present, there are other and signal
indications that it has been, even if the history were
silent.

Is pus ever produced unpreceded by adhesive inflam-
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mation, as it is shown in a separation of fibrine from
the blood ? If upon careful inspection of the free sur-
face of mucous membrane secreting pus no appearance
exactly resembling granulation can be observed, the
membrane is altered, 7. e. raised and thickened by a de-
posit of hyper-vascular lymph in the interstitial or
subjacent tissue; and so of serous and other mem-
branes. In the suppuration produced by unorganizable
or disorganized matters, such signs are never wanting,
as the newly-organized secreting surface which lines the
cavity or abscess, and fortunately seals the mouths of
severed blood-vessels.

Does abscess of the lymphatic glands, the liver, the
testicle, nay, the brain, ever exist without such a lining
membrane? Do we call to mind a fresh wound which
has suppurated, or an ulcer, new or ancient, without
such a provision? for this, I am qute aware, does not
always present the structure of perfect granulation.
The circumstances which especially determine the forma-
tion of granulation we shall consider in another place.

The suppuration in diffused cellular inflammation,
the suppuration in cold abscesses, “ abscés froids,” after
typhus fever, and other cases of constitutional exhaustion,
as especially erysipelas and animal poisons, are the cases
which appear to authorise the belief that pus may be
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formed independent of adhesive inflammation. But it
is my belief that in these cases the effused fibrine dies
before its organization is accomplished, as granulations
perish in certain ulcers; the vitality of the blood is so
low as to render it unfit in quality for organization, or
the circulation 1s so feeble as to be incapable of organ-
izing the deposit ; and thus the adhesive process is either
imperfectly performed, or is destroyed by the counter-
action of uleeration, or by gangrene. The case is equi-
valent to that of ulcer in which granulation is wanting
and cannot be produced, or if produced, maintained,
owing to the preponderance of the absorbent over the
depositing action, or the failure of all action. And in
confirmation of this opinion are the sweeping extent
and devastation of these abscesses, the bad quality and
early decomposition of the pus they secrete, the frequent
escape and admixture with it of blood and of gas, and
the enormous sloughs of cellular membrane and fibri-
nous deposits by which they are accompanied. It is
therefore no pathological exception, unless indeed an
exception establishing the rule, since the same order of
actions is preserved, but the constructive are cut short
or overpowered by the destructive, from the diseased
state of the blood and of the general habit.

Pus, then, 1s always an inflammatory product : in its
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healthiest condition it is elaborated by its special strue-
ture, the granulation gland ; and when this is wanting,
the secreting surface, if entire, is such, or so altered, as
to be subservient to the same end, or a substitute for
the proper granulation structure.

The purpose which the formation of pus serves in
the economy 1s, in conjunction with another act of in-
flammation, to open a communication with a contiguous
surface, either for the purpose of liberating matter
incapable of organization, and therefore superfluous or
hurtful ; or as indispensable to reconstruction, or the
effacement of lesions by granulation, the second or
advanced stage of adhesive inflammation. By this I
mean to imply that granulation, being a glandular
organ, is, like other such structures, incapable of carry-
ing out its purpose without the due performance of its
function. If not so entertained, it perishes by reason of
its fragile and temporary construction ; if its secretion
be vitiated (the common ground of the several varieties
of uleer), it cannot be a basis of new structure ; at least
of a healthy and permanent solid, and it is only by the
maintenance of a healthy secretion that it can be main-
tained, until its secretory apparatus is obliterated by its
identification with surrounding structure. The gra-
dual diminution in quantity and alteration in quality of
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pus, accompanying the contraction of granulation up
to the period of cicatrization, is one of the most beauti-
ful harmonies in pathology; and where we have the
opportunity, as in the formation of ulcer, of witnessing
the development of the process, the change, e converso,
from its nascent to its matured state, is not less stri-
king and conclusive.

The phenomenon of late years brought under the
notice of pathologists, of what are called secondary
deposits, and of which I have seen many examples, re-
quire only to be so far referred to here, as the question,
whether inflammation be indispensable to the production
of pus, bears upon such cases. I consider them to
form no exception to the universality of this law, and
consequently repudiate the accounts of insulated de-
posits, unless in cases of admixture of pus with deposits
of fibrine and coagula of blood, as in inflammation of
veins, which I have seen both in the human subject and
in animals, the subjects of experiment.

In the substance of the lungs, the heart, the liver,
and the spleen, pus is only seen in company with fibri-
nous deposits, unless this be previously destroyed, as in
the spontaneous opening of abscess or diffused suppura-
tion, by the advanced stage of ulceration, in common
with original structure. Further, I am disposed to be-
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pound fractures, are all familiar examples of the incite-
ments to suppuration ; of its necessity, owing to the in-
competency of the first, or simple adhesive action, and
its efficiency by the second, viz. granulation, which is
the organ of purulent secretion and of repair.

The form of granulation, as of all deposits, depends on
the modelling action of absorbents; while the frequent,
rapid, and various changes of the figure and surface of
ulcers, and the contrary condition demonstrate the ac-
tivity or indolence of these vessels. It is upon the
accurate balance between the capillaries, arterial and
venous, that the passive nourishment of the organizable
lymph depends, and upon the due proportion of the
absorbent depend not only form and growth, but its
very existence. Indeterminate or chaotic deposition
obtains until the part is furnished with this important
element of organization; and an appearance of unifor-
mity and adaptation 1s a sure proof of its existence and
efficiency.

The sensibility of the lymph deposit is likewise
evinced by its respondency to external agents, benefi-
cial or noxious, soothing or irritating, as well as to the
vital power of the system, both of which influences are
marked in its subjection to the impressions and sym-
pathies proper to the nervous system. Thus form,

G
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growth, function, and the self-preserving principle are
derived from the union of these systems in the or-
ganization of the new deposits ; and they are equally
indispensable.

Whether the act of absorption is performed by lym-
phatic vessels exclusively, or in part by veins ; whether it
is accomplished by imbibition, as of pores or mouths,
or by a chemico-physical and vital transudation through
the coats of the vessels, endosmose and exosmose, re-
mains a question, like that of the circulating forces,
sub judice ; and to this may be added the question,
touching the power of the absorbent vessels to remove
parts not previously prepared by a softening or solvent
process, which belongs to the subject of ulcerative in-
flammation ; but a solution of these arcana is not ne-
cessary to the conclusions above stated.

The uniform figure and disposition of granulation
being immediately subservient and preparatory to the
process of cicatrization, is only met with when seen in
connection with the surface; but organized lymph
under every variety of arrangement, is the secreting
organ of pus, if pus be present. In a very large pro-
portion of cases a broken surface has preceded the
formation of pus; the effusion of adhesive matter, or-
ganizable fibrine, is inseparable from lesion, if preceded
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or followed by inflammation, as in the healthy body is
invariable ; and in cases where no breach can be dis-
covered upon a suppurating surface, evidence is not
wanting of the presence of adhesive inflammation, in
the altered condition of that surface.

Thus in all cases, whether the formative apparatus
be simple or complex, whether quickly perishing from
defect of constitutional power, subverted by a destrue-
tive action, or capable of resisting destruction and
undergoing permanent organization and ultimate con-
nexion with the solid fabric of the body, the forma-
tion of pus is subsequent to the adhesive inflammation,
and the secreting surface has undergone the adhesive
change.

The cavity formed by introduction of a foreign sub-
stance becomes coated by a pellicle of lymph, which sup-
purates; the death of a portion of the cellular substance or
of a portion of bone presents the same order of changes ;
and in the formation of priméu'}r abscess, the deposit into
and around the cells of the inflamed membrane, of which
the texture is condensed and spoiled, renders it, like
the foreign body, the nritant to suppuration. Even the
presence of pus operates, by the stimulus of distension, to
increase the secretion, and the gradual changes of quan-
tity, consistence, and colour which it undergoes are signs

G2
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sence of a fluid undulating or fluctnating between the
fingers applied to its opposite sides. By a process of
thinning, hereafter to be described, the contamned flud
approaches and at length reaches the surface; the
darker or more livid tint, the excentric “rides” of the
surrounding skin, and the cracking and peeling of the
apex announce the yielding of the integument. The
cavity, so formed, is surrounded by an effusion and
lined by a pellicle of lymph (pyogenic membrane),
whence the pus is furnished. The abscess, having dis-
charged its contents, may terminate in gradual con-
traction and obliteration of the cavity by the adhesive
process, now capable of concluding the action ; or being,
on the contrary, exposed and extended by ulcerative in-
flammation of its anterior wall, it may be converted into
ulcer. A section of an abscess from circumference to
centre presents the condensation of the wall by the de-
posit occupying the cells of the cellular membrane, the
secreting membrane, the semi-solid flakes of lymph, and
the collection of pus forming its contents; the arrange-
ment, appearance and proportion of each varying ac-
cording to the stage of the suppuration.

The act of suppuration is often productive of fever,
where the action has appeared to be strictly local. The
pain attending it is peculiar, and modified by the acute-
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ness of the inflammation, the rapidity and extent of the
suppuration, and especially its seat. In a loose unresist-
ing texture it is least painful, indeed is often accident-
ally discovered ; in a firm resisting texture the patient’s
suffering is most severe, and the nervous system some-
times becomes excited and prostrated to an alarming
degree. The sympathetic inflammatory fever announces
itself by rigors in the setting-in of the suppurative
action, provided its extent and situation be such as to
produce fever, or that a febrile disposition be present.
The fever subsides on the free discharge of the abscess,
if it be attended by no other malady.

The furuncle, or skin abscess, 1s a mimature of the
phlegmon, viz. diffused thickening, reddening, pointing
in the centre, and pus seen beneath the transparent
cuticle, supported by the viseid and indurated secretion
of an obstructed follicle, imbedded in the lymph ef-
fused prior to the change of the vessels for pus. Glan-
dular abscesses contain an intermixture of detached
masses and flakes of lymph, with pus varying in consist-
ence and quantity according to the strength of the suppu-
rative action : in serofula this admixture is characteristie,
and it is called “imperfect or ill-digested” pus; it un-
dergoes, however, no improvement in quality by time.

In the parenchyma of visceral organs, the same rela-



SUPPURATIVE INFLAMMATION. 127

tion of semi-solid lymph and pus, the former being the
nucleus or bed of the abscess, and both contained within
an adventitious membrane, which is the secreting cyst,
1s found invariably. In emptying an abscess, the ori-
fice, if not free, is now and then choked by the wedgimg
of the lymph masses, or the sloughs of spoiled cellnlar
membrane. By the covering layer of membranous fibrine
formmg the sac or cyst, and its organization prior to
the suppurative action, the surrounding structures and
chambers are protected, and hsemorrhage is prevented.
In certain cases this preliminary adhesive process is
supposed to be wanting, as in the diffused suppura-
tions of erysipelas. I have already explained that I
believe it has in such cases partaken of the general dis-
soluteness and loss of vital tone which the system ex-
hibits, and has perished with the structure in which it
was deposited, for the entire cellular membrane infil-
trated with pus and completely disorganized, separates
sooner or later, en masse. Solids and fluids, original and
recent structures, involved in the suppuration, share the
same fate. But although masses of dead lymph are
abundant in these collections, hamorrhage is equally
provided against, proving the preliminary adhesive ac-
tion to have sealed the contiguous blood-vessels. If

exceptions oceur, they are rare.






CHAPTER IX.

PERIODICAL PHENOMENA OF WOUNDS, IL-
LUSTRATING THE PROGRESSIVE STAGES
OF THE HEALING PROCESS. RECENT AP-
PEARANCES.

TaE repeated examination of Dr. Todd’s cabinet, while
it developed some very interesting facts and analogies,
from the want of all record beyond the name and date
of the injury, left a strong desire in my mind to repeat
the experiments on the more useful plan of permitting
the animals to live, that I might witness the stages of
the healing process until it was perfected in the same
individuals. To secure the truthfulness, which only a
practised anatomical microscopist can command, I ob-
tained the assistance of Mr. John Quekett, one of the
students of the College of Surgeons, a gentleman uni-
versally allowed to stand as high as any living authority
in this department, to which the labours of his student-
G 5
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Days.
4. Stagnation extending to the large vessels in the

7.
|

vieinity of wound.

Idem : small indication of injury besides.

No cireulation in immediate neighbourhood of
wound, now more conspicuous from the deposit
of lymph which oceupies its place.

Lacerated and contused wound by a sharp blow with a

2.

1

i

11.

blunt body.

Clots of extravasation or ecchymosis on angles and
borders of wound ; no surrounding eirculation.

Idem. Appearance of stagnant blood distending a
large vessel passing nearly round the lacerated

edge.

. Wound has a more defined smoothed edge; slow

circulation commencing in its vicinity.

Much exudation and congestion in the neighbour-
hood, and highly injected capillaries; but no
trace of circulation.

Actual cautery, or heated iron.

. Discoloration, opacity and stagnation of surroundmg

blood-vessels, which are gorged.
Blood still stagnant ; margin of burn somewhat less
opake.

. No creulation, but distinct demarcation of mjury

by a lightly-coloured margin.
Found dead.
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Days.
11. Appearance of globules in the lymph deposit ; cir-

culation in minute vessels nearer the margin ;
large vein remains turgid near the wound.

13. Stagnation in the immediate vicinity, but not ex-
tending to so great a distance as before, the web
becoming more vascular,

15. Part more vascular; circulation nearer the more
rounded edges of the wound ; blood particles
seen in the new matter of deposit in motion,
but not in visible vessels ; oscillating trains of
blood globules in the lymph.

16. Circulation brisk to the edge of the wound, which
is considerably narrowed by a layer of opake
lymph of equal diameter ; general surrounding
vascularity increased.

17. Circulation reaches nearer the edge of the wound,
which becomes thicker and more rounded, but
the motion of the particles previously deseribed,
as seen in the new deposit, is not observable.

19. No trace of ecirculation in the new matter, nor of
the particles before mentioned; the capillaries
more dilated, and the small insular spots of
congestion disappearing. This sudden arrest of
the changes in progress was referrible to the
languor of the circulation, for on the 20th the
animal was found dead.

Note on the above.—The 16th day presented a beau-
tiful view of the circulation restored since the 14th up
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Days.
15. Oscillatory movement of blood discs seen in the

margin of the wound.

18. The animal was this morning found inclosed in a
block of ice ; circulation very languid ; the lymph
margin of the wound still much in advance of
the blood-vessels; the oscillatory movement of
the corpuscles, in lines adjoining the wound,
conspicuous, where no blood-vessel 1s seen.

19. No difference in appearance ; the same oscillatory
movement of blood dises in invisible vessels very
evident in the close vicinity of the wound.

21. In addition, vessels appeared in places perfect, but
empty, when every now and then a blood disc
traversed them with great rapidity; coloured
circulation approaches nearer the margin ; some
globules are seen evidently differing from the
blood globule.

22. Osaillation very marked; gap of the wound much
diminished in size, although no eirculation or
movement of any kind at the extreme margin.

23. Oscillation beautifully distinet; in some large trunks
globules were again seen much larger than the
red dises, and of a pale yellow hue; these were
often stationary, single or in clusters; now
and then driven on by the current, then again
stopped, and then passed into smaller vessels.
They appeared perfectly round, not discoid, and
not miscible with the red particles.
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Days.
25. Circulation on one border of the wound is perfectly

established ; vessels large, containing numerous
red discs, but the movement slow. The lymph
particles very numerous in some trunks, and
when viewed with a 1-8th object-glass, were
found to contain several small granules in their
mterior.

27. Circulation perfect on one border; the new vessels
looked like veins, from their size, the slow move-
ment of the blood column, and their dark co-
lour from the number of the red dises contained
i them. The large globules at first very visible
had nearly all disappeared a quarter of an hour
after the examination commenced, but soon after-
wards began to reappear.

28. Circulation nearly complete upon the entire mar-
gin ; the vessels being large and full of blood
discs, gave a very deep red colour, the move-
ment in them was much slower than in the
neighbouring trunks. One continued line of
red globules seen at one angle of the wound
having an oscillatory movement, evidently a new
vessel about to be formed ; numerous globular
bodies seen in the surrounding vessels and in
those of the new deposits, all of which last had
the form of arches of different curves.

29. Circulation fully established in the new vessel men-
tioned, as seen in the act of formation yester-
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Days.
day. A slight oscillatory movement was seen
in another part of the margin, and by watching
it attentively for some time, the circulation was
found to be nearly established while the obser-
vation was being carried on. Connected with
this was another vessel, which was only recog-
mzed by a shight see-saw movement of the
dises; so that the former, it is probable, would
soon become a trunk -carrying the circula-
tion.

31. Circulation fully established in the vessel men-
tioned in last report, and connected with it were
other new loops in different stages of formation,
i. e. circulation ; the whole margin was now com-
pletely supplied with new vessels, excepting one
angle, and here the fingitive process was going
on. During the formation of the new vessels
the diameter of the wound does not appear to
have been much diminished.

33. Wound now much diminished ; the blood dises
pale coloured ; numerous particles of lymph, as
before described, seen in the vessels in the im-
mediate vicinity of the wound.

34. Web of this foot swollen, and appeared dropsical as
compared with its fellow, which accounts for the
pallid appearance of the discs in the vessels; a

few lymph particles seen on the margin of the
wound.
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Days.
35. Wound much diminished ; not so vascular at the

ends or angles as at the sides.

36. Wound nearly filled up, only a small slit-like aper-
ture left, the margins being closely approxi-
mated ; between them a motion seen of exceed-
ingly minute particles, like those contained in
the large lymph globules; and on the edge

many of the larger or lymph globules aggre-
gated In masses, and some few detached; an

appearance of puckering or drawing in of the
wound at both ends of the narrow slit, like a
cicatrix. From the swollen state of the web
the parts appeared less vascular than a week
before.

38. Wound now entirely filled; few lymph particles in
circulation ; numerous vessels full of red blood
on all sides of wound; at the ends an aggrega-
tion of red dises or corpuscles, from which it
appeared as if new vessels were springing. Some
discs that escaped from the web on to the
glass became beaded on coagulation, like the
human.

40. Part excessively swollen ; vessels in neighbourhood
of cicatrix very large and clogged with blood ;
the cuticle has grown over the surface since last
report ; its nucleated cells distinet and beauti-
fully displayed. The aggregations of red discs
before spoken of still seen, and the part of the



RECENT APPEARANCES. 139

Days.

. wound last healed in their vicinity was seen to
be composed of the lymph particles closely
packed together; only a small trunk or two in
the vicinity of the cicatrix showed any sign of
circulation or motion.

41. Animal exhausted ; very languid circulation.
42. Found dead.

Observations on the foregoing Experiment.

This experiment gave the same result of stagmation
for the first fourteen days, when the circulation became
visible on the outer border of the lymph margining
the wound, or at a small distance from its sharp edge.
The motion was slow; the coloured vessels appeared
to be veins. The surrounding vessels were injected
and active, arteries especially ; the area of the wound
was contracted, and the lymph finely bevelled down
to it.

21st Day.—An oscillating or see-saw movement of
the blood-dises was remarked in the lymph adjoining
and parallel to the border of the wound ; the globules
were in single file, working backward and forward, evi-
dently from some communicated impulse of the cireu-
lation ; but there was no visible appearance of a vessel

where this process, which was obviously progressive,
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was seen. In other parts single globules were shot,
one after another, at irregular intervals, from vessel to
vessel, across the interspace, like balls from cannon ;
both orders being yet colourless, but distinet arterial
tracks. The round detached globules, more numerous
and larger, and of a totally different figure from blood
particles, lying in the veins single, or in glomera, every
now and then carried, or rather swept on by the stream
of circulation, and again remaining stationary, the cur-
rent passing over and beside them. They were seen
only in the track of the vessels, which appeared, until
they moved with the circulation, as if lying more super-
ficially.

R7th Day.—The formation of vessels, by insulated
blood globules running in a course one after another,
just as drops of rain follow each other down a pane of
glass, and thus going from one colourless vessel to
another, sometimes direct, sometimes serpentine or tor-
tuous, until they struck each other and coalesced, was
most curious and beautiful. This is going on in one
part, and the preliminary oscillating action in another,
the latter being the grooving or tunnelling of the lymph
m its formation, the former the first opening of the
vessel for circulation. 1

34th Day.—The vessels immediately adjoining the
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wound, which had an oscillatory motion for the first ten
minutes of the inspection, afterwards took up a slow
but steady circulation, i. e. the particles passed in one
direction. An intermediate condition to these states
was observed, i. e. the streams going by a jet or with a
pause, but not receding.

The new circulation presented colourless streams or
currents of insulated globules proceeding to and from
the coloured vessels in arches and loops, and at every
variety of angle opening communications with each
other. The large round particles of lymph were most
abundant and conspicuous, some lying in masses or
heaps, but all distinet; some insulated in the vessels,
lying on their under surface or sides, and swept on by
the current, seeming to oppose a resistance and not
amalgamating with the blood dises, but presenting a
remarkable contrast, being much larger, round and
colourless, preserving figure, and stopping or sticking ;
the elliptical corpuscles, coloured or tinted, running
by or over them in regular streams, and often passing
with more or less celerity through the vessel in single
file. What are these bodies, seen only in the original
vessels? dots under a high power are visible in them,
as 1if compounded of smaller; they are not visible in

the new vessels, but retain their size, figure and number
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during the actual filling of the wound from the twenty-
first day onward, and when healing is perfected they are
no longer seen. They must be the fibrine separated under
mflammation, and afterwards seen occupying the margin
and bed of the wound ; they do not coalesce, nor seem
to belong in any way to the circulating blood, except as
being moved onward by its current; they are the new
deposit being carried to its destination, (the bricks of the
building,) their separation continuing till the deposit is
complete, and no more required. The blood discs alone
form the vessels deriving their impulse from the re-
stored circulation. Whence are these particles derived ?
I think the adhesive process, direct and by granulation,
consists in their separation from the liquor sanguinis
by an altered action in the next moving series, contin-
gent and consequent upon the remora of the circula-
tion, and that they are laid down on the margin of the
wound in close contigmity by the capillaries, on the
recovery of their action, to form the new solid or inter-
medium.

41st Day.—The wound quite healed; the whole bed
is of small granules of lymph; the margin retains its
appearance, but the centre of the cicatrix much nar-
rowed ; no coloured eireulation on the site of the wound,
and little or no motion but on the borders, which is
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transparent vessels of anastomosis derived from the
nearest coloured vessels, and passing in all directions
from one to the other. The lymph particles in the
vessels still seen in smaller number, sometimes stopping,

sometimes carried along by the current.

EXPERIMENTS, SUMMER 1842 : APPEARANCES TO
15TH DAY.

Exp. 1.—Incised wound of the web’s edge with Scissors,
midway between toes.

Days.
ﬂj: Circulation distant and languid; at margin and
adjoining it perfectly stagnant; some vessels
full of blood ; margin looks thick and opake.
9. Circulation distant and langwid ; the lymph-bed
broader at the margin.
13. Appearance of new vessels gorged with red blood
and stagnant at margin of wound, and parallel
to it ; neighbouring circulation active.

Exp. 2 and 8.—Large punched hole or excised portion
of web by a blowpipe shortened.

6. Margin of wound thickened and opake, and quite
still; surrounding web smirched with lymph ;
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Then new channels or courses, at first colourless, are
opened in its immediate vicinity, as before deseribed,
by the intrusion of blood corpuscles, in single file, into
the plasma forming the border of the wound; first, ab-
solute congestion, next see-saw motion, while the gene-
ral surrounding circulation has become stronger and
more active, especially the arterial. This s the state of
things in the third week: and the fourth presents an
increase of deposit or margin, and hikewise of the size
and number of the new vessels under formation ; and
the completion of their circulation is marked by their
enlargement, colour, and multiplied anastomoses with
the trunks and with each other; the fingitiye nisus
continuing around the wound, and this sensibly, though
not rapidly, diminishing its area. Next appear the
lymph globules, single and in groups, yellow, small and
round, standing at the angles of union, or on the sides
of the original veins, and swept on by the central cur-
rent from time to time. These become more conspicuous
for their number in the fourth week. The superficial
nuclei of the epithelium scales, marking the geometri-
cal figure of the cells by their regular equidistant posi-
tion, also appear in the fourth week. The intermediate
channels, viz. the transparent capillaries, betwixt the
coloured vessels (arteries and veins) are distinetly
H2
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lines bounding the original texture; the epithelium
nuclei are distinet to the margin of the wound,
and presenting regular interspaces and symmetrical
figured scales; large veins in full and free circulation
are permeating the newly-deposited lymph, in lines
more or less obliqued from the margin; no arteries
are distinguishable here, but in the original surround-
ing texture they are acting vigorously, in opposite
directions toward the margin. On the extreme edge
of the deposit close to the wound, i.e. the most ad-
vanced of the new formation, lie small masses of co-
loured particles looking like extravasations; they are
either motionless or making only small oscillatory
wavings to and fro; intermediately their connection
may be traced out with the capillaries at one or both
extremities, so that the course and connection of the
future anastomosis can be plainly seen; the already
briskly-circulating loops and arches of communication
of the new capillaries adjacent to these are very nume-
rous and beautiful.

8th Week.—In the course of this week a most extra-
ordinarily increased deposit has taken place, of count-
less granules of lymph, so opake as to require focussing
the glass to see the vessels distinetly through them.
The progress differs materially in different animals.
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capillary arteries, which are nearly colourless, be detected
from their opposite direction and different impulse, acting
with great energy. The other specimens in which the
wound 1s still existing present a similar appearance, and
their central transparency renders the observations more
easy and clear. The most remarkable fact is the shape-
less turgidity and absolute stasis of the newest vessels,
deeply coloured next the centre both of the wound and
of the scar. Beyond this, oscillatory, or rather jerking
and pausing movements, are observed, in which the cor-
puscles pass edgewise and single, or in files, with various
degrees of propulsive force ; also a very free anastomotic
circulation in all the new venous ramuseules, and their
ultimate communication with two, three or more large
trunks lying slantwise, and receding from the wound.
The impetuous dash of the colourless arterial capillary
streams towards the wound or cicatrix, every here and
there, seems to scatter the corpuscles in all direc-
tions. They are not traceable into the veins, nor
seeming to have any direct communication. Nothing
can be more opposed than their motion, direction and
colour.

The perfect opake cicatrix 1sin one animal now covered
with vessels, without any visible motion exeept at one

or two points close adjoining the margin, and the near-
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dark greenish spots of the new pigment, corresponding
to and defining accurately the extent of the original
wound. The stagnant mesh of new vessels had opened
into a minute and beautiful anastomotic circle m full
activity. All patches resembling extravasations and ar-
rests of circulation, complete or partial, had disap-
peared.

2. A second specimen had the orifice of the wound
reduced to a pinhole so as to be filled by an air-
bubble, the vessels coursing close to the opake marginal
line, and as last described, forming a perfect and very
active anastomotic eircle. Scarcely any imperfection, . ¢.
obstruction, could be detected ; loops and half circles of
vessels presented their convexities to the lymph margin,
and it looked as if a finished process, to the wound’s edge.

3. A third had a somewhat larger aperture, and the
vessels on the margin unequally advanced on the two
sides; the oseillatory misus was detected in the blood-
distended capillaries here and there, and lost in the
small red patches of unfinished vessels which were per-
fectly stagnant. The new transparent vessels were
circulating blood corpuscles like chains of beads, with
complete interspaces. The organization however was so
far equal to the deposit, that the transparency was very

little obscured.
H D
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culation close up and unmiform; that is, no pause or
congestion.

3. Wound unhealed but small, the lymph granules
lying all around, shortening its angles and erossing the
aperture at one-third of its length ; loops of new vessels
at some distance ; congested channels and transparent
strize produced from their convexity towards the wound.

4. Large aperture; vessels nevertheless active on the
margin ; lymph granules in their interstices ; numerous
coloured masses in oscillation, and gradually dispersing
by circulation.

13th Week.—1. Cicatrix only recognized by opake
spot, delicate vessels passing across and anastomosing
over it.

2. Very small vestige of puckered scar ; vessels map-
ping the opake spot.

3. Wound now perfect cicatrix; epithelial scales ;
the circulation very active; no congestion ; vessels still
preserve the looped arrangement, but delicate branches
traverse and anastomose over the opake spot.

4. The aperture, still considerable, is just included
by the circumference of the field ; the formation of the
new vessels beautifully seen in all its stages, but the
lymph border quite in advance of them ; several con-
gestive deposits, one or two seeming insulated and stag-
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around it; the lymph granules conspicuous on the un-
vascular cicatrix.

17th Week.—1. (4.) The still unelosed wound ; two
meshes stagnant on margin ; active loops; an artery
distinctly feeding several transparent capillaries ; lymph
particles abundant.

2. (1.) The first healed wound; small opake unvas-
cular centre denoting cicatrix ; loops forming crescentic
arches all round in active circulation ; convexities to the
cicatrix ; distinct termination of arterial branches in
three or four venous capillaries, or rather of branch
artery in branch vein, the latter going off nearly at
right angles. :

3. (2.) The narrow opake line of the shit or fissured
wound and cicatrix ; very little trace besides.

4. (3.) The vestige very slight ; an opake point ; the
circulation rather slow, and presenting nothing remark-
able.

The opacity and sparing vascularity of and about the
cicatrix the only point noticeable in the two last.

20th Week.—These experiments having been made
on the 10th October 1842, I examined the four webs
carefully on the lst March 1843 (140 days). The
thickened or shghtly opake centre, marked by an irre-
gular disposition of the new pigmental macule, was
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injury to structure, recovery from it restores the pre-
vious condition, whether inflammation be set up or not.
Its local extent, like its duration, will be according to
the amount of the irritation. The circulation is oseil-
latory at the verge of the stasis; beyond this it is pre-
ternaturally slow, and yet further from the stationary
centre it is, or appears to be, somewhat brisker than
natural. The suddenness and completeness of the
stasis determine the acuteness of the inflammation ; it
is slowly formed and imperfect in what are termed con-
gestive inflammations,

2. Contingent upon the stasis is the effusion of
serum, or of the liquor sanguinis, the one or the other,
according to the nature of the injury inflicted, whether
of funetion simply or of structure. If serum only be
effused, the inflammation, if any be present, admits of
perfect resolution ; not so, if the effusion be of the liquor
sanguinis, holding the fibrine of the blood in solution.
This is the distinction between the effusions of shock
and of lesion, the nervous and vascular, the inflam-
matory and non-inflammatory cedema. The second re-
sults from a more considerable and prolonged action
than the first, if both be the effects of inflammation ;
but whereas the aqueous effusion is often unattended
by inflammation, the fibrinous effusion is characteristic,
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a crust or membranaceous stratum, covering n the
wound at all points, the sections of blood-vessels, nerves,
absorbents, &c. This then forms the intermedium of
vascular communication by anastomosis in cases of
union by adhesion. It is an effusion entirely distinct
from and subsequent to extravasation of blood, and does
not take place until after the act of inflammation is
established, when the coloured coagulum becomes de-
tached.

I am here strictly speaking of the healing inflamma-
tion consequent upon incised wound. In the inflam-
mation arising from some other forms of wound and in-
jury, and especially from constitutional causes, whether
upon sound or broken surfaces, the redundancy of the
deposit and the disparity of the organizing process are
often in contrast, as seen both in the cellular, serous,
and mucous textures. And the union by first intention,
as it is called, in simple incised wounds, as compared
with the slower process of granulation, illustrates the
influence of apposition and support in the healing of all
wounds, in equalizing and adjusting the processes of
deposit and vascularization.

5. The second act in the healing process is the sepa-
ration of the lymph particle from the blood within the
vessel. This 1s not seen until after some time has
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progress and the rate of healing bear a steady reciprocal
relation to each other. This is of course depending on
other circumstances, as the nature and extent of the
wound, and the temperament and condition of the
animal.

The elaboration of organizable lymph appears to be-
come perfected as it advances, confirming the prac-
tical observation, that wounds which heal slow heal
sound. It is quite a mistake to suppose that, in wounds
with loss of substance, the effusion of organizable
fibrine constitutes the permanent material of the new
solid. The first deposit effused with the liquor san.
guinis is an amorphous exudation, and presents no such
regular figure and arrangement as the lymph particle
which has been separated within the vessel before deposit.
They are, in truth, different in this respect ; the first, or
that which forms immediately on the receipt of injury,
and serves for the intermedium of organization in a close
apposition of surfaces (being separated from the liquor
sanguinis with which it is effused), would not serve as
a base for the new solid; it is soon absorbed, being
only a temporary bond or adhesive layer in harmony
with the parts, though serving the important purpose
of consolidation by anastomosis of the contiguous ves-

sels of opposite sides, or union by the first intention ; the
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The lingering of the last healing stage, so constantly
remarked in wounds of large diameter, 1s explained by
the proportionate call upon the newl}f-{:reated vessels to
form others; so that for a long period the central circu-
lation is purely, and even remotely, anastomotic.

To conclude : the inflammatory exudations are,—
Ist, of serum; 2ndly, of liquor sanguinis; 3rdly, of
fibrine, or the material of new structure ; and the fabm-
cator of the new vessel is the blood corpuscle.

This last shows that no capillary is, as has been sup-
posed, of calibre so small as to be incapable of admitting
- the blood corpuscle, although it can convey only one
at a time, which leaves it transparent; and that the
exudations are therefore depending on other cireum-
stances, as the reciprocal attraction between the vessels
and their contents, and the change of circulatory motion,
which 1s the result, direct or indirect, of the injury.

The temporary stasis seems to be ﬁecessary to the
exudation of liquor sanguinis, its continuance to that
of the separated lymph particle ; and not less the gradu-
ated impulse of the returning circulation, to the elimina-
tion of the blood corpuscle in single globules for the
fabrication of new vessels; for if it were in mass (he-
morrhage) it would destroy instead of promoting or-

ganization,
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possessed when incorporated with the mass of blood.
But ere the organizing action is fully completed it is no
longer seen, its appearance seeming to correspond to the

necessity for its employment.

Observations on the Constitution and Origin of Pus.

The eontinuance of the inflammatory action beyond
the strictly adhesive stage (so to designate that which
terminates short of suppuration) determines the granu-
lar form of the fibrinous deposit upon exposed surfaces,
and an approximation to it in cavities and sinuses ; and
upon the free mucous surfaces, in some instances pre-
vious to uleeration, but more commonly subsequent to
it. The open-mouthed follicles of the mucous mem-
brane are equivalent to granulations, 7. e. equally secrete
pus, in Lieu of their proper secretion under inflammation.
This shows that the especial form of granulation is not
indispensable to the secretion, though it is a form which
the effused fibrme more or less affects, when suppuration
is set up. The vessel prolonged into the granulation
and doubled on itself is more or less tortuous; and so
numerous are they as to require a high magnifying
power to exhibit their distinctness after successful in-
jection. The appearance of the vessels of granulation,
at first almost varicose, and increased while the ulcerative

12
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mined, or, in other words, the separation of the proper
lymph particle put an end to by its sufficient deposit in
granulation, and the inflammatory nisus still prevailing
from the continuance of the irritation—for no imper-
fect state can be perpetuated—the superabundant lymph
particle, at no time coloured, along with the permanent
fluid or serum of the blood, is strained off through the
pencils forming the terminal loops of the granulation.
Thus is obtained the twofold purpose of relief to the
loaded capillary ecirculation, and a bland and homo-
geneous protecting fluid for the granulation, during
the period of its growth up to that of final organization.
When the rudimental fibrine is no longer needed for
the new structure, it 1s used, as in nature all remnants
are, for a new but not less important purpose, the pre-
servation of that structure. Pus is as necessary to the
maintenance of granulation as lymph was to its forma-
tion. But a change is necessary to fit it for its new
function, and this is provided for by a new arrangement
or a new action of the secreting capillaries, and a che-
mical change, which destroys its vital property and amal-
gamates the separated lymph globules with the serum of
the blood. The precedence of adhesive to suppurative
action is sufficient to render presumable a necessary
connexion between the lymph separated during the first
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granulations—meaning a fuller proportion of the lymph
particle to the serum—and vice versd, its degeneration
in enfeebled and sinking states of the system. Thus
also is explained the effect of inordinate and excessive
suppuration to superinduce hectic, from the excessive
withdrawment of that ingredient, which forms the nu-
trient and restoring prineiple of the blood.

The action of a blister in its several stages offers the
simplest and clearest illustration of the singleness of
character and the reciprocal relation of inflammatory
exudations :—1st. The aqueous vesicle of the epiderms,
where the cutis heals at once. 2nd. The ¢ jelly blister,’
well known to old nurses, containing albumen and
fibrine in abundance, resulting from deeper inflamma-
tion, and slow of cicatrizing, as the surface must first
be cleared ; this is most frequent in weak and diseased
subjects. 3rd. Under continued inflammation of the
cutis, as when the blister 1s kept open, pus, or the exu-
dation of the liquor sanguinis divested of blood cor-
puscles, but often tinged. The supervention of the
successive stages of ulcerative and gangrenous inflam-
mation 1s in like manner demonstrable under con-
tinued irritation.

The conversion of the blood corpuscle into the pus
eorpuscle i1s a notion altogether gratuitous, and un-
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admitted direct into the circulation; but in the latter
case the surface is defended by its integrity, supplied
with sound absorbent vessels. It is as contrary to the
simplicity and perfection of all natural mechanism and
to the analogy of order in nature, to employ more causes
than are competent to effects, as it is to the spirit of
philosophy to admit an exception without adequate
cause.

I therefore infer, that to the artificial conduct of ex-
periments this seeming contradiction is to be referred ;
which explains the supposed cases of venous absorption,
refers both to a yielding of the surface, natural or vio-
lent, and constitutes them morbid or artificial pheno-
mena. The finding such matters in the veins, or the
translation of them into the system, or their deposit in
a remote part of it, does not constitute the veins the
agents of ulcerative inflammation. They become car-
riers of the débris, or the morbid secretions with which
the blood 1s loaded, after a dissolution of the structure
of which they form a part; and then, if the suppurative
inflammation has existed, they may convey pus; or if
bile, or urine, or foreign matters have been effused, they
may convey these fluids with their blood. We know
that it 1s germane to their function to cirenlate blood
loaded with the general refuse of the system, i.e. the
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I shall state briefly the several objections, and reply
to them.

Objection 1.—Ulcers spread most rapidly during in-
Jlammation, when absorption is diminished.

This statement requires some modification. It has
the common speciousness of a hasty generalization. The
error consists in a confusion of the several modes and
stages of inflammation and the several conditions and
necessities which give them birth. An ulcerative m-
flammation and an adhesive inflammation differ diame-
trically, this being the morbidly increased action of the
depositing, that of the absorbing vessels.

It is correct to say that absorption is in proportion
diminished during the first stage of inflammatory fever,
i. e. inflammation of the system, idiopathic or sympa-
thetic ; but very contrary to facts to say, that absorption
is at all diminished in the after stages, and especially in
that mode of inflammation proper to ulceration, viz.
secondary or hectic fever. Common observation gives
a flat contradiction to such a statement.

Ulceration, i.e. ulcerative absorption, eannot exist
unpreceded by inflammation, more than adhesion or
suppuration. Even in whole structures, when we would
procure absorption of lymph or serum that has been
effused, we increase the activity of the capillaries of the
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The process of wasting, interstitial absorption, is
quite independent of inflammation.

When a bone or cartilage disappears without ulcera-
tion, it is an atrophy, i. e. either a cutting off of the
nutrition, the absorbent action eontinuing the same, or
simply an excess of the absorbent action. A part there-
fore disposed to atrophy is less prone to ulcerate, i. e.
the non-inflammatory anticipates and supersedes the -
flammatory process. Thus the interstitial cartilages
waste, while the vertebrz are carious and their substance
removed by ulceration : the body of the testis wastes
much more frequently than it ulcerates. The cornea
presents both states, but is prone to ulcerate; the pro-
portion of ulcer to conical cornea being at the least as
100 to 1. The articular cartilage of joints, also sub-
ject to waste, more frequently ulcerates. But all these
textures are exposed to both modes of absorbent ac-
tion in common with others; and unfortunately for
the argument, the two textures, skin and mucous mem-
brane, which, it will not be denied, are of all most
plentifully supplied with absorbents, are of all most
liable to ulcerate.

It 1s the mode and degree of irritation that determine
whether a part takes on interstitial absorption, or ulcera-
tive inflammation.
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weakness of the argument. Both processes exhibit, in
different instances, all the varieties of progress.

Objection 5.— Granulations ulcerate more rapidly than
cicatrices, though they cannot be better supplied with ab-
sorbents.

A granulating uleer is an unfinished stage ; all the
operations upon which restoration depends are in full
activity : they depend for their existence and changes on
the action of absorbents as much as blood-vessels: a
cicatrix on the contrary is a finished and complete state.
It is a comparison of the house with the scaffold. Com-
pare the absorbing powers of the sound surface, either
cicatrix or original, with those of a granulating ulcer,
by applying to them mercury or arsenic, opium or nux
vomica, either in powder or solution. The absorbent
endowment of actual finished cicatrices 1s, like the vas-
cular, very slender, of which their stationary condition
1s a convincing proof.

Objection 6.—4 part must become fluid to be taken up
by minute lymphatics ; if so, why may it not pass off with
the discharge ?

It may be admitted that the part absorbed must be
reduced to a pulpy or fluid state, but this is surely an
argument for its absorption.

In open ulcers we know that much does pass off with
the discharge ; but is this always sufficient to account for
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the deficiency ¢ What becomes of the discharge n ex-
tensive caries of bones, where the bodies of three or more
vertebrae have disappeared, and how are large collections
of matter disposed of, having no connection with the sur-
face? I have seen cases in which pints of matter have
been taken up in psoas abscess, and the parietes recover
without breach.

Objection 7.—Injections of ulcers show dilated veins,
but no extraordinary development of the lymphatics.

This objection, if it proves anything, proves too much ;
for it will not be asserted that the lymphaties are un-
employed because ulceration exists, if they be not the
instruments of uleeration ; and the congested, and con-
sequently inert state of the veins, plainly indicates the
more active employment of another order of vessels, and
that they (the veins) are not directly econcerned.

The rapid and extensive occasional action of the ab-
sorbents in cases of inflammation without breach, as
the removal of the serum in local dropsies, the lymph
in iritis, &e., is as incontestable a phenomenon as their
continual action to regulate the adjustment of solid and
fluid by removing useless and decayed parts in the
healthy economy ; and when inflammation is attended
with breach, constituting ulcerative inflammation, they
are the sole organs of the removal of parts, and no

animal structure is exempt from their operation. They
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do not take the initiative in inflammation, but act sub-
serviently to prior changes. Ulceration, when it occurs,
is consecutive to adhesion and suppuration, in almost
all cases; and although suppuration may now and then
pass without ulceration, in the same manner as adhe-
sion prevents suppuration, yet the frequent case of
uleerative mflammation succeeding to abscess, and the
very rare existence of ulceration without pus, constitute
the ulcerative, third in order, of the processes of in-
flammation.

We have shown the secretion of pus to be depending
upon the deposition of lymph, and its organization for
that purpose more or less perfect, as it approaches to or
recedes from the form of granulation, the organ which
the adhesive provides, in the first instance, for the sup-
purative action ; in the second, for the renewal of
structure. Pus confined in a cavity is in effect analo-
gous to a foreign body: how is its liberation effected ?
is it peculiar and unlike that of other foreign bodies ?
Uleerative inflammation is the instrument by which it
is brought to the surface, and this is opened for its dis-
charge. The most powerful stimulus to absorbent
action 1s pressure; it operates upon sound parts, re-
ducing their bulk by what is called interstitial absorp-
tion—the process of attenuation comservative of form
and structure—but under inflammation it sets up the
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process is therefore exclusively a morbid one, and gene-
rally partakes of an increase proportionate and cor-
responding to the opposed action of morbid secretion.
Thus a slow abscess has a slow discharge; nay, the
ulcerative process is so torpid, that months may pass
before the inﬂatﬂmatﬂry action of the part to be re-
moved is set up. A foreign body escapes quickly, or
the reverse, according as its size, figure, &e. irritate to
inflammation, or create little disturbance ; and as large
collections of fluid in natural and morbid sacs and eysts
often remain without exciting inflammation, conse-
quently no ulcerative action occurs. But if from any
cause inflammation is set up, it superinduces active
suppuration in these chronic sacs, and then ulceration,
1. e. disintegration and removal of the containing and
resisting parts, commences in its order. So a gangrene,
when not the result of acute inflammation, exhibits the
utmost indisposition to separate by the ulcerative pro-
cess, which can only be roused by strong stimulants to
suppurative inflammation.

The texture of the part to be removed is opened,
loosened, and softened, prior to uleeration, by prepara-
tory interstitial absorption, resulting from a loss of the
due balance of circulation, proper to inflammation,

quickened by continued pressure from distension ; and
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sinuses and pouches of abscess in cellulous parts, and
on the margin of indolent uleers, also between the arti-
cular extremities of bones and their cartilages; the
spreading or superficial uleceration is best exemplified in
the skin. But it is always by the absorbents proper to
the inflamed surface that this action is carried on, as we
see in the ulceration of granulations, the one-half or
two-thirds of an ulcer healthy, i. e. the granulations up-
standing and florid, while the remainder are removed or
marked out for removal by decay, and a fresh and clean
surface presented in their place at the end of forty-eight
hours. So that both the depositing and organizing,
and the absorbing actions, are those of the contiguous
capillary and absorbent vessels, indispensable to the
nutriment, form, and vitality of the part affected.

The ulcerative process thus stands between the life
and death of parts subjected to its action, and admi-
nisters to either, according to the circumstances of the
case ; being the instrument of reparation in the suppu-
rative and adhesive inflammation, and of separation and
removal of the waste and decayed, in the suppurative
and gangrenous. It is the agent of granulation in the
former, of sloughing in the latter case; suppuration
being the common link by which these extreme pro-
cesses are connected. Without granulation uleeration



192 OF ULCERATIVE INFLAMMATION.

1s a wasting process ; with it a repairing one. In like
manner, ulceration without suppuration is a devastation
without means of control or repair. The formation of
granulations, and the establishment of healthy suppu-
ration, promote the two great objects of a barrier against
further destruction, and a permanent basis for the new
solid,

After this explanation, it is almost superfluous to say,
that the detachment and the removal of parts are the
special service of the ulcerative inflammation ; the
cleaning, levelling, and dressing of the granulating
surface for the final process of cicatrization or healing,
being the natural action of the absorbent vessels of the
new structure, a distinet funetion, well denominated by
Mr. Hunter “ modelling” absorption. The same normal
function performed by the absorbents of new organiza-
tions, regulating their growth and figure as those of
original structures, has of course no necessary con-
nexion with the ulcerative process, although always in-
dispensable to that of granulation, which alone can re-
pair the breaches caused by ulceration.

The office of the absorbent vessels, and the appear-
ances [I]I'EBE]ltﬁd by parts upon which they are or have
been at work, have endowed them in imaginative minds
with a sort of intelligence directing the choice of their
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food, and their plan and course of operation. Their ap-
petite varies with circumstances ; no more. In uleeration
they follow the course which the previous inflammation
and consequent spoiling and softening of texture point
out. This is generally influenced by the direct operation
of pressure from within or from without; but neither
does pressure produce ulceration in the absence of in-
flammation, nor does ulceration occur only when press-
ure operates, nor always cease when pressure is taken
off. The soddening effect of immersion in pus has been
supposed to loosen the texture of surfaces exposed to it,
but the secretion, which 1s sheathing and protective to
the new texture, can scarcely be despoiling of the old,
and the softening process is evidently depending on an
interstitial, not a superficial change. This is either such
as disqualifies the part for function simply, or for life :
the former admits of maintenance, and may be wholly
independent of inflammation ; a change of consistence
due to imperfect nourishment, an interstitial atrophy ;
the latter determines the suppurative and ulcerative in-
flammation for its removal by breach. It is in this way
that hard structures are removed; the animal part of
bone is already so far atrophied as to leave the earthy
part a friable substance, or the earth, deficient in its
supply, renders the animal part a jelly ; but the uleera-
K
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tion of a part is so inconsiderable, or so provided for by
the preservation of the sound integument as to render
it equivalent to simple division of parts, the suppurative
action is not called up, and still less the ulcerative. The
suppurative, based upon the adhesive, 1s sufficient for
the healing by granulation, in cases where the removal
of parts is small and the surrounding texture sound,
i. e. uninjured and uninflamed.

But if abscess, as often happens, supervenes upon
wound, or a wound involves parts previously injured or
inflamed, the suppurative and ulcerative actions are un-
avoidable, because such parts are incapable, not only of
the adhesive action, but of self-preservation. Whenever
the detachment of parts is required, ulceration is set
up. If the adhesive action did not previously exist and
set a limit to it, it would spread, as we see it do in
poisoned sores and erysipelas, until we can procure this
action to serve as a barrier; but the parts and the con-
stitution being previously healthy, and especially, the
injury being casual, or from without, the adhesive action
always takes precedence. As the suppurative may in
certain cases precede the adhesive, so in others the
ulcerative may for a time stand alone, anticipating both ;
but this is an inversion of the order of their natural
and ordinary course, for in no case, consistent with the

K 2
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edge or the centre. This mode of inflammation is so
directly opposed to the adhesive, and so adverse to
healing, that, being arrested, the hindrance to healing
is removed. To put an end to it, therefore, 1s the sur-
gical indication. This is done by constitutional and
local treatment jointly ; in some cases the one, and in
some the other plan avails most.

To know the character of ulcers and treat them ac-
cordingly, 1s a subject of the first importance to the
practical surgeon, and well worthy of his science, though
often not so regarded. They admit of a general classi-
fication, but present many varieties and anomalies. The
great distinction is the presence or absence of the ulce-
rative inflammation, ¢. e. the morbid condition and action
of the absorbents, by which the uleer was formed. An
inflamed is an uleerative ulcer, so is an irritable, and
more or less so 1s also an indolent or callous ulcer ; in
the gangrenous or sloughing ulcer, ulcerative inflam-
mation is, as in gangrene, a necessary remedial agent
for the purpose of separating the dead from the living
parts, thus clearing the surface for sound granulation,
and the edge for skinming. It is not necessary that
uleeration should have existed prior to granulation, al-
though granulation must suceeed to ulceration ; an uleer
has no other means of repair. The adhesive, then, is
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the curative termination of ulcerative inflammation ; and
if for any reason the part is incapable of this action,
disorganization and death is the consequence. Cica-
trization is the finished adhesive action, that which com-
pletes the purpose, and therefore terminates the exist-
ence of granulation.

It 1s, as we have shown, by ulcerative following sup-
purative inflammation, that matter and foreign bodies
are brought to the surface and extricated, and that pre-
ternatural openings of communication, fistule, and
sinuses are formed. But happily the adhesive action
has gone before in the majority of such cases, and con-
sequently, both external and internal openings -and
passages are defended by it, and the ulcerative process
guided and circumseribed. Thus abscesses point, and
cffusions of the secreted fluids are prevented, and pre-
ternatural communications of the viscera with the sur-
face are walled off and shut out from the system. If
sudden injury or a cachectic state of the body an-
ticipate this adhesion, and the uleeration is unde-
fended, the worst consequences ensue. The secretions,
healthy or morbid, as the ulcer is occasioned and situ-
ated, overflow and are diffused through the visceral
chambers, or the cells of the connecting membrane,
and destructive inflammation or gangrene follows. The
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operation of the atmosphere upon the raw surface, or
the change of form which it assumes? The cylindrical
or tubular form subjects the part to be either collapsed
or distended, and this state to be alternated, which is
equally an impediment to healing by apposition and by
granulation ; and the centre of the sinus is too remote
from the extremities to be within the sphere of action
of the vessels of the surrounding skin; the larger the
sinus, therefore, the slower or more intractable to heal.
When such a sinus ceases to secrete pus, it is oblite-
rated by shortening, and the gradual apposition and
incorporation of its sides forming a central line of
union, as after small abscess; it is incapable of pro-
ducing granulation or skin. The dilatation changes
the action for skinning by converting it into uleer; and
this difference in the actions of healing of abscess by
contraction and adhesive coalition, and of ulcer by gra-
nulation and skin, is, I believe, the real and only answer
to the question. It 1s a slow, spurious, and often inse-
cure union by adhesion ; the parts having never granu-
lated, fall back upon the adhesive process on the cessation
of suppuration, by the mere force of contraction maintain-
ing permanent apposition. Compare the depression or
puckering of a naturally healed fistula or sinus with
that of one freely dilated, or either with that of an
KD
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abscess where the early and free opening has allowed
none to form. The mode of healing of abscesses and
sinuses, when they occur, is the same, viz. by the con-
densation of the opposite sides, and the gradual recipro-
cal intercourse (anastomosis) of vessels upon a central
line, which is long afterwards detectable by a cord-like
imduration ; and if large, a more or less superficial de-
pression, corresponding to the axis of the cavity or
sinus, where the cellular structure has undergone obli-
teration. But neither proper granulation nor proper
skin are formed in such cases.

Where an uleer is formed, as often happens, upon an
ancient cicatrix, both granulation and cicatrization are
materially retarded, for two reasons; first, from the
deficieney of free cellular membrane, owing to the pre-
viously existing adhesion consequent upon the ulcera-
tion; and secondly, the comparatively imperfect power
to heal of secondary and adventitious textures. The
first circumstance prevents the surrounding textures
from lending themselves, by their natural pliability, to
the formation of granulation; and the second prescribes
a limit to the proper force and freedom of the local cir-
culation, upon which skinning or the completion of the
new vascularization depends.

The cessation of the secretion of a granulating sur-
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face is not the only condition necessary to the act of
skinning, for an ulcer may have its secretion morbidly
arrested and turn dry, in which case it scabs and skins
slowly beneath the scab, provided it be unirritating and
undisturbed. But if not suffered to fall, if rubbed or
compressed, or from its size, harshness, and duration
uritating the uleer, it inflames, and ulceration instead of
eicatrization follows.

In the ordinary normal process the surface and mar-
~ gin of the ulcer must correspond for the production of
skin ; no uleer can heal which has a loose hollow mar-
gin, or a thick perpendicular edge, or one inverted or
everted ; nor while either of these conditions holds does
the ulcer cease to secrete, however unhealthy the secre-
tion. It is common to see a part of the circumference
of an ulcer prepared, and on the same side the surface
ceasing to secrete and almost ready to heal, cicatrization
having actually commenced, but it is partial, simply
narrowing the area of the ulcered surface on that side.
In such case the uleer is cachectic, not healthy. In the
latter, the skin is fixed and bevelled down to the granu-
lation level, and presents a fine white line of union, like
the ciliary ligament of the eye, at every point of the
circumference : the granulation is uniform and smooth,
and looks as if covered with a transparent pellicle ; its
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inflammation, drawing it inwards into folds and puck-
ers ; in short, a process similar to that which we see in
the obliteration of eysts by pressure, and in the forma-
tion of solid tumours, to which the skin becomes ad-
herent during their growth. It is very common to see
these folds and indents of skin over scirrhous and other
tumours, having so precisely the appearance of cicatrices
after an abscess or an operation, that we are erroneously
led to believe one or other must have taken place.

The principle of analogous textural structure in the
repair of breaches is exemplified in the serous and
fibrous membrane and skin, as in bone and tendon.
Cellular membrane, muscular fibre, cartilage, mucous
and synovial membrane, together with the composite
organs, present exceptions to this property of the ad-
hesive process, which specially identifies the vessels of
the new structure, and their function, with those proper
to the original structure. A breach of muscle is sup-
plied by tendon, cartilage by bone; deficiencies of syn-
ovial and mucous membrane are permanent, their
cicatrices being formed by the covering, subjacent, or
contiguous texture. In no instance is the new strue-
ture identical; the cicatrix of the common integu-
ment being divested of its cellular bed by condensation
with the subjacent structure, and therefore incapable of
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infiltration in emphysema or extravasation ; also of blush
and of transpiration, and opake. Its vital properties are
so unequal as to render large cicatrices especially prone
to ulceration. The cicatrix is incapable of admitting an
injection of its blood-vessels, at least such as holds any
comparison with that of the original sound texture, and
neither its organic nor its sentient properties approach
to the standard endowment of the original tissue.

The extraordinary rapidity with which an ulcer some-
times forms skin, compared with its usual rate, conveys,
with other circumstances, the not incorrect impression
of the vessels of the surface indirectly aiding its forma-
tion. Thisis resulting from the contraction of the vessels
of the granulations, in their union and levelling, giving a
glazed appearance to their surface as the secretion ceases,
and the (quasi) pellicle begins to form. But the act of
cicatrization consists not in any fresh deposit ; it is simply
the last stage or completion of vascularization which ren-
ders the transparent lymph surface nebulous or opake,
and this always commences from the margin whence the
vessels are derived, and is progressive from the circum-
ference to the centre. The actual form of membrane is
never accomplished, such as could be separated by fair
dissection at any stage, from a cicatrix; it is a perma-
nently opake unsecreting surface, a condensation of the
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I shall first consider the characteristic signs and ap-
pearances of gangrenous inflammation.

The signs of pain, heat, redness and swelling are pre-
sent mm the inflammation, which from its outset an-
nounces the disorganization and death of the parts af-
fected by it. But the pain is more rapid and intense
than in other modes of inflammation, and in proportion
short-lived ; the heat, augmented only in the commence-
ment, and lttle perceptible externally, in comparison
with the burning sensation often expressed by the pa-
tient ; the surface of a peculiar dusky red, often mot-
tled, turns purple and then black; and the swelling,
diffused and soft to the touch, presently becomes in-
elastic or doughy, and next emphysematous. Vesicles
of various size appear, filled with a sanious flud. In
the course of a few hours the pain and sense of burning
are at an end, and the colour is changed to a pale ash
or a buff hue by desquamation of the cuticle, and greatly
shrunken in volume from the free discharge of a fetid
sanies. Such are the appearances of acute, also called,
humid gangrene.

If the inflammation occupies a cireumseribed space,
it is generally consecutive upon and defined by the ad-
hesive inflammation : if it appears in several contiguous

spots or patches, the whole of the intervening surface,
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stead of moist, soft and swollen, and takes on a yellow or
blackish-brown appearance, nearly resembling that of a
mummy. It is also called dry gangrene. In general
it is without pain or contiguous inflammation ; in some
instances the burning pain, on the contrary, is con-
tinued, and so intense as to be almost insupportable,
although the neighbourhood shows no sign of inflam-
mation, nor does the pain when present arise from that
source. In almost all these cases the arterial eirculation,
root and branch, i1s more or less impaired and defective
from organic change.

Gangrenous inflammation may be primary, i. e. no
other mode of inflammation going before it. The eir-
culation of the part and neighbourhood becomes stag-
nant, and the vessels, both arteries and veins, are choked
with broken and semi-solid coagula. Is it due to the
vehement intensity of the local inflammation and con-
sequent exhaustion of the nervous life of the part?
or to a constitutional condition, which renders the
solid or fluid elements incapable of entertaining the
functions of the part, on which depend its temperature
and prineiple of resistance to external agents, in other
words, its life? In all cases not produced by ex-
ternal injury, and in many that are so produced, I
believe that the latter is the true explanation.
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The death of the branch is due to the impaired
vitality of the trunk; the blood has undergone a
change, and with it all the organs concerned in its
distribution and depending on its influence. Inflam-
mation is in such eircumstances an extraordinary ef-
fort, incapable of being supported, yet instinctive to
every form and mode of vitality threatened with dis-
solution. It is the lighting up before death which
the part, like the system, actually exhibits at such an
epoch.

Although gangrenous inflammation is never inse-
parable from constitutional causes, and when primary, 1s
to be especially referred to them, it is in many cases
directly originating from the severest forms of local
mjury, or consecutively to diffused inflammation, as
for example, erysipelas, supervening upon the injury.
Where the mjury is slight, that has given rise to gan-
grenous mflammation, it has generally been preceded by
this species of inflammation, which opposes no check to
its progress.

The operation of heat and cold, and their sudden inter-
transitions, the operation of stricture and ligature,
and various chemical agents may be productive of gan-
grenous inflammation, but the state of gangrene, or dis-
organization produced by the complete and sudden
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arrest of the circulation, is distinet from gangrenous in-
flammation, and is not often followed by it. The dis-
tinction consists in the latter being a purely local
casualty, finding the constitution capable and dis-
posed in most cases to throw it off by the processes
of adhesive and uleerative inflammation. But to this
there are exceptions. When the gangrene falls upon a
part necessary to the ordinary functions of life, as the
intestine, the adhesive and ulcerative action have not
time afforded them for completing the separation of the
gangrene, owing to the direct fatality of the obstruc-
tion, from whatever cause arising. Or if the gangrene
occupy a large portion of the body, or its surface, as
in burns, the powers of the nervous system are so
prostrated, that even before inflammatory action can
show itself, death ensues.

The injuries to which gangrenous inflammation suc-
ceeds are generally violent and complicated, and such
as loosen all the connecting textures, whether crushing
mutilations, bad compound fractures and luxations, or
such deep and extensive effusions as compress and an-
nihilate the internal circulation of a part. Thus, I
have seen a subfascial effusion, following a severe strain
of the fore-arm, producing a spreading gangrenous in-
flammation of the extremity to within a hand’s breadth
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of the axilla; and similar cases, of suppuration between
the deep-seated muscles of the thigh, I have known
terminate suddenly in gangrenous inflammation of the
entire limb to the groin. Injuries of nerves particu-
larly, are liable to be followed by gangrenous inflam-
mation : of this I have also seen some marked examples.
Baron Larrey found reason to attribute the gangrene of
the foot following the operation for popliteal aneurism
to the nerve having been injured, or included in the
ligature. Yet complete paralysis, interception of sen-
sation and motion, may exist without a tendency to
gangrene. The surface, however, is deprived of its
protecting power ; and where exposed, as on salient
points, to pressure, artificial heat, &e., it inflames, and
the inflammation is gangrenous.

Gangrenous inflammation, in the larger number
of cases, 1s secondary to intense cutaneous and cel-
lular inflammation, and so ecommon is this associa-
tion, that the term ¢ gangrenous erysipelas” and
“ carbuncular abscess” are in practical use to denote
these combinations, and the distinction of gangrenous
from adhesive and suppurative inflammation. It is an
acute inflammation directly disorganizing, because the
resisting power of the parts affected by it is inadequate

to sustain the circulation; this becomes stagnant and
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imperfectly coagulated in the larger vessels, for the
blood loses the coagulating principle as it dies, while a
non-vital transudation of their fluid contents loads the
surrounding cells with sanies, with which pus is inter-
mixed, where the suppurative process has preceded the
gangrenous ; and the whole texture perishes and putri-
fies. That it is a substantive mode of inflammation
1s shown by its occasionally idiopathic existence, as
well as its distinctly marked primary characters; by its
supervention in decayed or diseased habits on very
slight forms of injury, and especially by its tendency to
spread along the neighbouring sound parts from the ex-
tremity towards the centre.

The arrest of the circulation is the proximate cause of
gangrene. Now this may be sudden or gradual, whether
the oceasional cause be external or from within; from che-
mical, mechanical, or vital agencies. Heat and cold, che-
mical and mechanical disorganization, stricture and liga-
ture, are all capable of acting instantly and completely,
or indirectly and imperfectly. If their action be mstant,
the after-condition of the part destroyed is that of dead
animal matter, i.e. it 1s delivered up to the action of
the atmosphere, and decomposed by putrefaction. If it
be gradual, the changes are compounded of a remnant of
vital action and the action tending to its destruction; or
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1 other words, the local eirculation, though eircumseribed
and erippled to the last degree, is not annihilated. In-
flammation in the first case (instant arrest) can only be
a consequent, and bounded, of course, by the line of life
in the contiguous parts; in the second case (gradual
obstruction) it may be the forerunner and aceelerator
of the gangrene, for wherever there is circulation there
is susceptibility of inflammation. Suppose the case of
a ligature as it is applied in phlebotomy, and a tourni-
quet screwed home as at the moment of amputation, and
each left untouched : in the one we should have gradual
swelling to distension with heavy burning pain, then
ecchymosis, and phlyctenz or sanious vesicles, parti-
coloured and changing hues, soddened surface, and cre-
pitating integument ; in the other, an universal livor
or blackness would be followed by direct loss of tempe-
rature and sensation, collapse or shrinking, and disso-
lution of texture. Even the fetor of dying is distin-
guishable from that of dead animal matter, until putre-
faction assimilates them.

Or suppose the case of a loop of gut violently pro-
truded and girt as if with a string (as we tie a navus or
a pile), so as to preclude the entrance of blood, and
another portion gradually strictured by congestion, as,
for example, in the large irreducible hernize that stran-

L
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cose condition of the superficial veins, considering the
frequency of the case, it is rare to see this form of the
disease coincident. It is by signs of accumulation on
the venous side, and of the imperfect change of the
blood in the lungs, that gangrenous inflammation, the
acute form of the disease, is marked from its commence-
ment, and varicose ulcers of the legs in old people not
unfrequently inflame and turn gangrenous.

Pressure from tumors and morbid changes of structure
may obstruct either the contiguous trunk of arteryor vein,
one or both. Infiltration, from effusion into the cellular
membrane of the secreted fluids, natural or morbid,
acts diffusedly to produce stagnation, then strangulation
and gangrene, independently of any acrimony of their
quality, though this may of itself be a sufficient cause.
The resistance formed by an unyielding texture, as
a strong fascia under excessive distension, or even an
unylelding bandage, has often led to the same result.
I have seen an enormous mammary abscess, and other
similar unrelieved collections of deep-seated matter in
cellulous parts, as around the anus, involve the whole
neighbourhood in sudden gangrene. It is indeed by a
circumseribed or partial gangrenous inflammation that
large tumors and abscesses, left to nature, effect their
openings.

L2
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On the other hand, enervation from age, starvation
and exposure, or even from shock, is competent, with-
out any organic change of the vascular apparatus, to
originate the same morbid condition.

The grades and shades of imflammation liable to be
produced by mechanical obstruction must vary as the
obstruction varies; therefore, if in place of the me-
chanical, we calculate the varieties of obstruction from
internal or vital causes, and at the same time remember
that all inflammation has its origin in capillary ob-
struction, we may not only allow for the several varieties
of gangrenous inflammation, but understand how all
the processes of inflammation throughout the entire
range stand related, and how a part threatened with, or
on the verge of gangrene, may recover its healthy cir-
eulation and uninjured texture, as sometimes happens ;
how an adhesive, suppurative, or ulcerative inflamma-

tion may turn gangrenous, or the system be rescued
from destruction by the gangrene and separation of a

part. These considerations, as it appears to me, sim-
plify the problem of gangrenous inflammation.

The fever of gangrenous inflammation is as strongly
distinguished from that of adhesive and suppurative as
the actions are dissimilar ; and this also marks the dif-

ference of acute and chronic, or, as they have been
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termed, moist and dry gangrene ; especially of a purely
local gangrene, or the casual death of a part, from gan-
grenous inflammation. Acute and cold abscess are not
more distinguished in this respect.

The fever of gangrenous inflammation is one very
early marked by powerlessness of the circulating system.
The pulse has at no time the full and firm swell, nor the
hard and contracted stroke of fever in other modes of
inflammation. It is increased in frequency, and di-
minished in diameter and force; in many cases irre-
gular, and in some intermitting. A peculiar anxiety of
expression appears in the physiognomy, and a remark-
able livor overspreads the face, the features of which,
the nose and lips especially, are contracted and pinched.
The anxiety is soon exchanged for a hebetude of ex-
pression, as if the patient were under the influence of
alcohol or opium; involuntary movements and tremors
affect the hands and fingers, and frequent sighings are
observed, which are broken by occasional hiccup. The
meclination for food fails totally, the surface of the
tongue is coated with a brown fur, harsh and dry, lea-
ving the edges and tip free, but without moisture. As
the case advances, the entire tongue, fauces and lips,
become dry to merustation, so as to require constant
moistening, but with small quantities of fluid, for swal-
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lowing is slow, and attended with difficulty. The skin,
which in the onset was dry, opens to a copious but
clammy perspiration over the whole surface. It parts
sensibly with its temperature, and feels cold as well as
damp. The mind, at first irritable, then, after the total
subsidence of pain, stupid, wavers and becomes subject
to illusions, chiefly of a passive and transient kind, ex-
pressed by half sentences, with a thick and broken arti-
culation, and accompanied with startings and mo-
mentary gleams of insane exeitement.

In traumatic inflammation of this species, the age
and constitution being previously in its full vigour, this
low delirtum is exchanged for fits of active and wild
frenzy, accompanied with loud cries and vehement
efforts, requiring a powerful and continual restraint;
and this continues, with occasional intervals from ex-
haustion, for hours together, and subsides, often snd-
denly, in prolonged coma and apoplectic death. Whether
the exhibition of aleohol and stimulants, with which the
patient is plied, has to do with this symptom, or in what
if in any degree, is doubtful; but I believe neither
medicine or cordial has any permanent influence over
this state. [ never saw a case of idiopathic gangrene,
or a gangrenous inflammation, unpreceded, as in hernia

or enteritis, by nervous shock, attended by this sym-
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ptom. Neither do I remember to have seen it in burns,
which are open to the operation of shock, though of a
different deseription. In erysipelas affecting the head
the delirrum is generally passive, and extends only to
meoherent talk, except when preceded by concussion or
severe injury. The more advanced symptoms of disso-
lution, as the death-like coldness, the clammy sweat,
the small, indistinet and flickering pulse, and the cada-
verous expression, no one who has seen them can fail to
recognize. In this state a patient will sometimes le
totally insensible, and unable to articulate or to swallow,
for eighteen or twenty-four hours, and die without a
groan or struggle.

The condition of local gangrene from casnalty, widely
distinguished from that of gangrenous inflammation,
exhibits the powers of the system roused to resistance
and self-preservation, by the setting up of adhesive,
suppurative, and uleerative inflammation, and in a con-
siderable proportion of cases with success. In very aged
and enfeebled persons, the gangrenous inflammation
follows upon these local disorganizations, and then
generally proves fatal. But these are exceptions; and
the contrast is the more marked between the local and
the constitutional character of the cases respectively,
showing how the previously exhausted or collapsed state
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